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Preface

In the past decade, the economies of Latin America and the Caribbean and other
emerging economies are trying to mobilize their internal resources to impel pros-
perity and welfare. A current initiative in this direction is to promote the devel-
opment of innovation. The transformation of the intellectual capital and available
resources into new products, services, processes, or just added value to the society
is one of the paths to enhance the prosperity of a country. However, this intention is
immersed in a complex context. In the emergent countries, companies achieve
performance under challenging conditions, for instance, the technologies are not
always accessible, the workforce does not have the required competences or
demand constant training not easily available; the lack of techniques to facilitate the
assimilation of new technologies and to learn from others; A limited perception
about the technical side of innovation, which produces the impression that this
process depends on a random creative effort, and no less important, a low assim-
ilation degree of tools for planning the evolution of a product or an innovation
system. Despite this complicated circumstances, the internal market and capacities
continue to grow. This book explores how the innovation process is carried out
under such conditions.

Chapter “Against the Odds. Innovation in Latin American SMEs” offers a broad
perspective on how the innovation process is a crucial strategy in Latin America
and the Caribbean (LAC). The chapter underlines that most of the innovation
theories come from developed countries that have essential differences with the
nations in LAC or emerging economies. One of the most important is the enterprise
size. In LAC economies, the small- and medium-sized enterprises represent the
99% of the industrial activity. Consequently, the innovation process evolves under
conditions not necessarily considered in these theories. Hence, the effort and results
in LAC probably ask for an adequate measuring structure. Many pieces of evidence
support this argument. In the first place, the Global Competitiveness Report
2016-2017 ranks in the 33rd position the first Latin American country and is Chile
who takes this position. Next, country in this rank is Panama in the 42nd position,
then Mexico in the 51st position. However, the Happy Planet Index counts a
different story. This index evaluates the sustainable well-being of a country. In this
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ranking, six of the first ten places belong to LAC countries and the first ten places
correspond to emerging economies. Probably, it is necessary to transform the
concept of innovation and assure the welfare of the country, without losing the sight
of happiness. Finally, the first chapter explains that the LAC countries are the
laboratory where probably will emerge the next big revolution.

Chapter “Use of Lean-Sigma as a Problem-Solving Method in a Restrictive
Environment” describes a common challenging situation in LAC enterprises: the
need to solve problems in well-established production systems. In Mexico, the
industrial activity related to the assemblage of products is growing, despite the
complex international conditions. In this context, a Company needs to coordinate
the solving effort along the supply chain. Hence, it is necessary to collaborate with
suppliers, to analyze the production system, and to assure that the logistics and
distribution will not suffer from any potential solution. Chapter “Use of Lean-Sigma
as a Problem-Solving Method in a Restrictive Environment” describes a new
solving approach where the rapid improvement of the Lean Manufacturing and the
in-depth statistical analysis of Six Sigma get harmonized. The method called
“Lean-Sigma” aims to solve problems in the short term. Thus, if a long-term
problem arrives, each method takes their original role. Even if this combination is in
their initial development stages, results unveil the potential for uncovering a more
efficient approach for problem-solving.

Chapter “Creation of Technology-Based Companies: Challenges to Innovate in
the Manufacturing Sector of Medical Devices, the Case of Baja California, México”
is closely related to the materialization of the triple helix concept. The actors that
participate in this complicated relationship are the industry, the universities and
research centers, and the government initiatives to foster innovation. Such dynamic
conditions could be observed in LAC countries. For instance, the fashion industry
in Colombia, the oil technology in Brazil, the Aerospatiale sector in Mexico and
Brazil just to mention some examples. Under such conditions, it is a not only a risk
activity, but also a complex process to compel the creation of a start-up company.
Chapter “Creation of Technology-Based Companies: Challenges to Innovate in the
Manufacturing Sector of Medical Devices, the Case of Baja California, México”
proposes a framework to deal with this problem. The most relevant contribution is
to describe the conditions that facilitate the technology transfer process, which is
probably the more significant obstacle to overcome in the commercialization of new
developments. The chapter describes some generic guidelines to identify potential
allies and some strategies to access financial sources. As a general remark, it is
important to notice that LAC entrepreneurs face another problem: the lack of
methodologies to design new services or to manage the future transformation of a
function.

Chapter “Applying Action Research to Academic Patent-Licensing Path”
describes one of the most complex and extenuating situations that a public research
center, public laboratory, or university face: the lack of an effective organism or
structure to transfer the research results with practical and commercial purposes.
Researchers in LAC produce knowledge that frequently debouches into new
products or services. Nevertheless, the transfer to this development to the right actor
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is not an easy task. The problem starts right after there is a patentable solution. LAC
countries have not the culture or an efficient organization capable of protecting the
intellectual property (IP) at the right rate. Then, the search for the right partner is
time demanding and an ineffective process. Besides, the researcher is not aware of
all the IP process, a condition that could lead to a failure when asking for a patent.
Besides, in some countries in LAC, advanced developments as the software are not
patentable, which makes difficult the protection of a potential product. Chapter
“Applying Action Research to Academic Patent-Licensing Path” offers some
guidelines that certainly will be useful in a different domain.

Chapter “Mass Customization Process in Companies from the Housing Sector in
Brazil” deals with a very restrictive market requirement: the need for customized
products at the lower possible price. Customization is a definite tendency in the
market. It is interesting to notice that a personalized product is not more a product
but a service. Thus, the incorporation of customized product in the market is one
of the most useful strategies to compete in an environment that changes all the time.
Also, it is relevant to note that the customization frequently leads to contradictory
requirements that ask for new solving methods. Chapter “Mass Customization
Process in Companies from the Housing Sector in Brazil” expose an argument to
comprehend better the methodological differences between the recommended
customization process and the actual strategy from housing companies from
developing economy countries. The return of experiences, in this case, could be
useful in a completely different domain. Hence, this is maybe one of the more
valuable contributions of this chapter: to propose new questions about how to
reutilize the knowledge acquired while customizing a product and transferred to
another field.

Chapter “A Talent Management Model for Innovation and Competitiveness in
Complex Domains: A Study Case in the Latin American Energy Sector” faces one
of the most challenging problems in emerging economies and LAC countries: the
need for qualified and highly trained personnel. Specialized human resources are
indispensable to compete in the market, to anticipate changes, and the only part of
any enterprise with the capacity to create or transform a system. This chapter
proposes to integrate new technologies into the Talent Management process and
develop a new training process through a Computer-Based Training model. The
training model provides online and personalized instruction based on three per-
spectives: knowledge, skills, and attitudes. The particularity of this system derives
from the system capacity to recognize the emotions of the user via an intelligent
system, which adapts the training program according to the learning style of the
user and their emotions. Emotions are recognized using the facial expressions
exposed during a training situation. With this information, the system uses an
animated agent to show emotions and empathy with the user. The purpose is to
facilitate and reduce stress in the user and thus to improve the learning process. This
chapter describes a model that has a considerable potential to mobilize knowledge
among the LAC countries and emerging economies.
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Chapter “The Role of ICT in Educational Innovation” shares a similar objective
with Chapter “A Talent Management Model for Innovation and Competitiveness in
Complex Domains: A Study Case in the Latin American Energy Sector”: to modify
the teaching practices and offer new resources to the learning process through the
incorporation of the Information and Communication Technologies (ICT). The
Oslo Manual recognizes that the educational system determines the training stan-
dards in the workforce and the domestic consumer market. Thereby, an efficient
strategy to change the workforce and the perspective of internal costumers is
through the university system. However, the benefits of using ICT in the teaching
process need a previous validation. The authors propose to use a structural equation
model to satisfy this requirement. The case study collects information related to the
use of ICT in the learning process. The tool is a survey of 43 items, and the
population was a sample of 469 students (at the bachelor degree). The analysis
shows enough statistical evidence to state that the use of ICT has a direct and
positive impact on the student’s performance.

Chapter “A Series of Recommendations for Industrial Design Conceptualizing
Based on Emotional Design” proposes the use of Emotional Design as the primary
strategy to understand and transform the customer’s emotions into design attributes.
Research in this field highlights that emotions play a crucial role in the design
process. There are even some statements that define design as the art of trans-
forming emotions. Nevertheless, also it seems natural to assimilate this design
perspective; the reality follows the opposite direction, at least in LAC where just a
few universities have adopted this approach. The chapter suggests some funda-
mental recommendations to incorporate emotions in the initial design stage: con-
ceptual design, which is one of the most elusive stages. This intention opens a
discussion space to explore the Industrial Design Conceptualizing based on
Emotional Design. This approach was developed through the analysis of several
design emotion-based methodologies, conceptualization theories, and of course, the
emotional design. Several cases are the basis for validating the set of recommen-
dation to apply the emotional design. Eight cases, developed by a group of eight
industrial design students, implemented the recommendations in academic projects.
All resulting products were evaluated to determine the impact of the emotional
design in a product. Five out of eight projects show evidence of the correct inter-
pretation of the recommendations. Hence, the set of emotional design guidelines are
a useful tool to transform some emotions into product parameters.

Chapter “Indexing and Mapping Examples of Heuristics Compiled from TRIZ”:
explores the application of the Theory of Inventive Problem Solving (TRIZ) is
another approach for problem-solving that attracts the attention of the industry and
the academy. One of the reasons is the technological foundation of TRIZ, which
offers several resources to mobilize technical knowledge across domains. Despite
the broad application of TRIZ in different industrial sectors, in LAC and other
emerging economies, the use of TRIZ is in the initial stage of assimilation. TRIZ
has several tools, including Inventive Principles, Standard Solutions, and
Separation Principles that are abstract recommendations or strategies to solve an
inventive problem. In general, these solving strategies are called Inventive
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Heuristics, and there are a vast number of them (469 inventive heuristics). Thus, the
adoption of TRIZ for a new user demands too much time and effort, and the
necessary experience to identify the right application context. Besides, the inventive
heuristic overlaps their application with a disagreeable consequence: doubt and
confusion in the users. The chapter deals with these issues through the use of an
index, and some examples that act as pointers and that makes easier to select one
solving strategy to a particular problem. This compilation, organized as a catalog
with the goal to facilitate the use of such collection of heuristics.

Chapter “The Use of Affective Computing in the Conceptual Design Stage of
New Products” sees innovation as a continual problem-solving process that has
several limitations. Some significant drawbacks are, for instance that in the initial
stages, the team or an individual need to select what problem should be faced first.
Then, through a creative effort, the group or the individual collects some potential
solving concepts. In this step of the process, the need for some mechanism to filter
the ideas result evident. Consequently, the innovation process asks for efficient
approaches to assist decision-making in the evaluation and selection of different
potential solutions. Some techniques fulfill this requirement as the Analytic
Hierarchic Process or the Technique for Order of Preference by Similarity to Ideal
Solution (TOPSIS). Nevertheless, these techniques reveal their limitation when it is
necessary to take into account a crucial success factor for the innovation process:
emotions. The emotional response to unique product attributes is, in fact, a deter-
minant element to succeed in a market. Thus, it is indispensable to take into account
this dimension of the innovation process. This chapter describes the use of the
affective computing paradigm to help a team or an individual in the different stages
where it is necessary to evaluate technical parameters and emotions.

Chapter “Taking Advantage of the Innovation in Die Service Design” identifies
a market need and proposes the design of new services. The metal-mechanic
industry is an essential provider or a link in the supply chain. Thus, the performance
of this industrial sector has a significant impact on other industrial activities; this is
the case of the design of dies. A die is a tool used to cut, punch, or give a particular
shape to different material, including metal parts. A dies covers the specific
requirements of a process; then it must be designed. In Mexico, national enterprises
satisfy only 5% of the total internal market. The rest of this need belongs to external
companies and is a market of 2.6b/year. This dependency affects the national
industry negatively from different perspectives: the productivity and competitive-
ness loss dynamism, the innovation process reacts slowly, and maybe a critical
factor: the evolution of the skills to satisfy this national need do not evolve.
Consequently, the objective of this chapter is demonstrated that the service is
feasible. Results show that the market will accept the new service with excellent
profitability. Finally, the service design consists of the integration of several
technologies. The service was implemented by an SME in Mexico that aims to
collaborate with the national welfare.

Chapter “TRIZ Evolution Trends as an Approach for Predicting the Future
Development of the Technological Systems in the Food Industry” focuses on a
fundamental necessity of the innovation process: to anticipate the future technologic
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developments and also, the next evolution of the product functionalities, and the
food industry is not the exception. The chapter explains that in the food industry
there are two innovation drivers: the technological change (technology push) and
the market orientation (market pull). Each driver has specific requirements, and
thus, it is necessary to coordinate both directions of development under a more
comprehensive perspective: to anticipate the future developments of technological
food systems. The chapter proposes to use an evolutionary view based on the
Theory of Inventive Problem Solving (TRIZ). TRIZ encloses in its toolbox, a set of
Evolution Trends (TETs) that has the goal to explain the transition that a system
will endure during its development. Thus, to improve the innovation process in the
food industry, both drivers are combined with the TRIZ Evolution Trends with the
goal to conceive some guidelines of the most favorable transformation to improve
or develop technological food systems. A case study depicts the implementation
of the guidelines.

Chapter “A Service Design Process Based on the Business Model CANVAS and
the C-K Theory” focuses on the service design process. It is important to underline
that service design in Latin America is an emergent research topic. Paradoxically,
the service domain accounts for more than 60% of the employment in several Latin
America economies. The authors propose a combination of the business model
CANVAS and the C-K theory. The integration of both approaches produces a
design framework, where it is possible to connect the business model with a
graphical tool to model processes. Despite the usefulness of the C-K theory, its
application in the academic and industrial domain in Latin America is not frequent.
On the other hand, the business model CANVAS has a broad use as a tool for
business modeling. Several institutions in Mexico recommend the use of this tool to
describe business ideas or to model a business. The service design framework in
Chapter “A Service Design Process Based on the Business Model CANVAS and
the C-K Theory” preserves the advantages of the business model CANVAS and
overcome some of their limits by introducing a new dimension: the knowledge
space of the C-K theory and the interaction that takes place between concepts and
knowledge. As a result, the design process becomes more dynamic and coherent.

Chapter “Integration of Design Thinking and TRIZ Theory to Assist a User in
the Formulation of an Innovation Project” explains that the comprehension of the
market share and the efficient transformation of some need or customers require-
ments is a successful strategy for new product development. The Design Thinking
approach can produce valuable information about the market need or the customer’s
requirements. However, it does not have a specific tool to solve the intrinsic
problems that the design process invariably unveils. The goal of this chapter is to
overcome this limitation by adding an approach capable of producing inventive
solutions: the theory of inventive problem solving or the TRIZ theory. In this
chapter, the TRIZ theory also obtains some benefits. TRIZ does not have a tool to
identify the user’s requirements or the market tendencies. Hence, when dealing with
an inventive problem that has as objective to determine the market requirements,
TRIZ needs the collaboration with other tools. Consequently, the problem-solving
process depends on the experience of the solver. The authors present a methodology
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where the TRIZ theory provides some methods and concepts to model and solve
inventive problems, while Design Thinking uses the knowledge extracted from the
user to define the design goal.

Probably, the LAC countries and other emerging economies will produce a new
perception about innovation, a more open perspective where the technology,
economy, and well-being will interact with equilibrium. Next years will reveal if the
path must be reformulated or the effort should intensify. Finally, restrictive envi-
ronments or conditions are not an obstacle to the innovation process, but a force that
impels it.

Orizaba, Mexico Guillermo Cortés-Robles
Ciudad Juarez, Mexico Jorge Luis Garcia-Alcaraz
Orizaba, Mexico Giner Alor-Hernandez
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Against the Odds. Innovation in Latin M)
American SMEs gt

Jorge Rodriguez-Martinez

Abstract The popular expression “Necessity is the mother of invention,” means
that it may trigger new ways of doing things, in a more economical, faster or easier
way. Most innovation theories in the academic and business literature come from
advanced countries and examples usually derived from multinational companies.
There is little evidence from emerging economies, such as Latin America. This
chapter will focus on how innovation may arise even in highly restrictive envi-
ronments, especially in small and medium-sized enterprises. For the OECD Oslo
Manual 2005, there is the innovation of products, processes, business practices,
workplace organization, and social improvements. The data of some international
and regional indexes were consulted at the country, city, and personal level. They
evaluate competitiveness, creativity, human development, and even happiness.
Emerging economies that want to get out of the middle-income trap need to have an
innovation-driven economy, despite the current constraints. The situation is of
lights and shadows; nevertheless, a brighter future is ahead. Latin America is indeed
innovating in its own way, sometimes not captured with the traditional indicators.

Keywords Innovation - Latin America - OECD oslo manual - Constraints

1 Introduction

Creativity is the generation of new ideas, which could be how to solve or look at
needs in different ways, such as complete a task with less effort or time, or create a
user-friendly product. However, for turning creativity into innovation, an economic
decision is necessary; the product launch into the market. For the Cox Review
Report (2005), innovation is the successful commercial exploitation of a new
product or service. Most countries are increasingly paying more attention to it as an
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important source of competitiveness and differentiation in the market place. This
section will follow the structure of the OECD Oslo Manual 2005 that defines
different types of innovation: product, process, marketing, and organizational.

1.1 How Innovation Appears in the Marketplace. OECD
Oslo Manual 2005

The first Oslo Manual is from 1992; its focus was on the different types of
improvements at the company level. The second version appeared in 1997. The last
version, the current one, appeared in 2005; defines innovation in the product,
process, marketing, and organizational level. The OECD strategy offers a wider
scope to consider: “It goes far beyond the confines of research labs to users,
suppliers and consumers everywhere—in government, business and nonprofit
organizations, across borders, across sectors, and across institutions,” (OECD
2017).

A superior product or service. “A good or service that is new or significantly
improved. The product presents improvements in technical specifications, compo-
nents, materials, software in the product, user-friendliness or other functional
characteristics,” (OECD 2005: 11). The innovation process may be incremental as it
happened with electronic devices to save data, starting with floppy disks >
diskettes 5 2 > diskettes 3 2 > CDs > DVD >> USB. There is also the radical
or disruptive innovation that breaks paradigms, as the radical change of technology
in the use of conventional to digital cameras. About 2000, there were more digital
cameras sold than conventional ones; however, it was a short-lived victory, as in
just over a decade, Smartphones equipped with cameras overtook digital cameras
(petapixel.com 2017). The technology used on televisions changed, as well, it went
from analog black and white to color TVs; later, they changed to digital TVs > to
interactive HDTV.

An upgraded production process. “A new or significantly improved produc-
tion or delivery method. The benefit may bring time reduction and quality
improvement by applying new techniques, equipment or software” (OECD 2005:
12). An example is how the production process evolved in the fast food restaurants.
McDonald’s® changed the way people in a hurry could have a simple meal, by
applying the same concepts of a production line to the restaurant kitchen. Each
location is a production cell, with multitasking employees, repeating the same
activities and offering a simple menu. Domino’s Pizza® reduced costs by simpli-
fying its processes, and the time to make and deliver a pizza in thirty minutes or
less, otherwise, it is free.

Original ways to market a product. “A new marketing method involving
significant changes in product design or packaging, product placement, product
promotion or pricing,” (OECD 2005: 12). For example, the on-demand economy
based on online platforms that offer goods or services; and according to the Harvard
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Business Review (2016), half of the customers are the millennials (age 18-34).
New business models respond to the needs of people who demand transportation on
a short-notice (Uber® or Cabbify®) or want to buy books and many other goods
delivered to their house (Amazon®). Another example of radical changes in the
marketplace is the sharing economy, defined as “an economic model in which
individuals are able to borrow or rent underused assets owned by someone else...
This is the peer-to-peer (P2P) rental market,” (Investopedia 2017), like houses or
apartments for short-term rent (Airbnb®).

New ways to organize work and achieve the group’s objectives. “A new
organizational method in business practices, workplace organization or external,”
(OECD 2005: 12). In Japan, after World War II, the country was devastated and had
no resources. The Toyota® Company developed, out of necessity the just in time, a
flexible manufacturing system, adapted to a variety of models in small numbers, by
reducing all sorts of waste. A most recent example is the Canvas business model®;
a planning tool used by entrepreneurs and managers alike that presents an overall
view of the nine main elements of a company by highlighting the value propositions
and the core value delivered to the consumer (Strategyzer 2017).

New ways to solve challenging social issues. This is the process to answer
social needs by the interaction of citizens or organizations to improve the quality of
life. It is not part of the original definitions of the OECD, however, is a recurrent
topic of interest to policymakers and citizens alike. “Social innovation is the
implementation of new ideas (products, services or models) that satisfy needs,
create new relationships and offer best results; of such a way that they generate an
answer to social demands that affect the interaction process and aim to raise the
level of human well-being,” (Foro Consultivo 2017).

The chapter has six parts. Section 2 offers a brief overview of the Latin
American history and its main socioeconomic characteristics. Section 3 presents
Latin American countries in different world rankings; these charts are at the
country, city, and personal level. To enrich the comparisons two groups of countries
are included: the so-called BRICS—Brazil, Russia, India, China, and South Africa;
and the MIST group: Mexico, Indonesia, South Korea, and Turkey. Section 4 has
examples of the constraints that limit innovation in the region in economic sectors
such as agriculture, manufacturing, social, health sector, and other fields.
Section five describes Latin American clusters and how small and medium-sized
companies innovate. Finally, the conclusions section discusses some of the chal-
lenges the region faces to get out of the middle-income trap to move forward from
and efficiency to an innovation-driven economy.
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2 Overview of Latin America History and Socioeconomic
Characteristics

Latin America is the area of the American continent stretching north to south, which
includes most of those countries conquered and colonized by Spain or Portugal. It is
a region vast in natural resources: mining, agriculture, oil, precious metals, and
wood or cattle breeding. It has a rich and diverse history, populated by important
civilizations such as the Incas, Mayan or Aztecs, advanced in astronomy, archi-
tecture, mathematics, medicine, agricultural techniques, sculpture, and pottery.

Spain and Portugal’s kingdoms retained their colonies for nearly three hundred
years; any external trade, mostly minerals, and precious jewels needed approval by
the Crown, limiting creative activity. Latin America had universities long before the
United States: The University of Santo Domingo (1538), The University of San
Marcos in Lima (1551) and The University of Mexico (1553), while Harvard
University only opened until 1650. The type of education delivered in the Latin
American universities was mainly religious-based and focused on Philosophy, Law,
Theology, and Engineering, which limited the creation of new knowledge (Maloney
et al. 2002). The actual situation is not that different, a review of the 17 Nobel
Prizes awarded to Latin Americans reveals the knowledge areas where the region
tends to excel: in Literature, six prizes obtained; Peace, six Prizes; in Physiology or
Medicine, four Prizes; and in Chemistry only one Prize (Nobel Prize Org 2017).

The entrance to the Spanish colonies of non-Catholics, foreign companies,
businesspersons, intellectuals, or their ideas were tightly controlled, limiting the
contact with new European knowledge, therefore, constraining the development of
innovation. Maloney et al. (2002: 120) describe that the resource-based growth in
Latin America had its origins in Europe: “Furthermore, Spain in the eighteenth
century was a resource-rich nation that used its fantastic returns from silver and
gold mines in the New World to purchase all that was needed. Thus, developing a
rentier mentality rather than one of a nation of hands-on tinkerers such as appeared
in Great Britain or the United States...” In other words, Spain preferred to buy
goods, weapons, or ships from England, France, or Germany, therefore, financing
their industrial revolutions and not developing its own.

Historically, Latin America has not functioned as a region with shared interests.
Jonas and McCaughan (1994: 37-38) describe this situation: “The prevailing ten-
dency led Latin American nations not to develop complementary economies, but to
separate and isolate themselves, to turn their back on one another while looking
toward Europe and, to a lesser degree, the United States.” The Latin region during
the late nineteenth and early part of the twentieth centuries, underwent a mostly
convulse period: wars, foreign invasions, civil wars, struggles between political
parties, weak institutions, lack of respect for the law, Coups d ’ézat, privileges for a
selected few, and instability—not the best environment to innovate.

The initial efforts to industrialize the larger countries of the region depended,
almost entirely, on foreign immigrants or international companies investing and
exploiting the internal market because there was little local expertise. At some point
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during the last eight or nine decades, the larger economies (Argentina, Brazil, and
Mexico) were in a better economic situation than China, Korea or even Taiwan.
They were about to take off and achieve a higher level of development. However,
this has been a history of disappointment and missed opportunities. Some char-
acters or small groups of power have put their ambitions above the common good
(Reid 2010; Maloney et al. 2002).

In the Postwar period, from about 1945 to the 1980s, several of the larger
economies embarked on import-substitution industrialization (ISI) policy led by the
State to manufacture the goods that a growing middle class was demanding
(Dussel-Peters 2000). The ISI had the positive effect of creating the infrastructure
and industrializing the larger economies of the region by imposing high import
tariffs on foreign goods, and barriers to trade and investment. However, this pro-
tectionist period came at a high cost because it created State and private-owned
monopolies, a captive local market, and a lack of incentives to improve quality or
develop new ideas (Maloney et al. 2002). In Latin America, the larger economies
tried to replicate the strategy followed by Italy, Germany, Japan, and other coun-
tries, emulating the production and design of the same products manufactured in the
developed countries, such as household products, sound equipment, coaches, and
cars that required middle-technology. However, the technical innovation was
missing (Bonsiepe 1985; Fernandez and Bonsiepe 2008).

The economic emergency in the region during the 1980s, also described as “the
lost decade,” and early 1990s, consisted of a series of events like the Mexican
(tequila) crisis of 1995, the Brazilian (samba) of 1999, and the Argentinean (tango)
of 2001 were a watershed. The ingredients were the rising foreign debt, lack of
competitiveness of State-owned companies, high inflation rates, and low economic
growth among other factors. The unsustainable situation forced the Latin American
governments to liberalize their economies, privatize companies, and abandon the
ISI model; although there is criticism that it created an increasing economic, social,
and even territorial polarization (Dussel-Peters 2000).

A crisis and the collapse of the domestic market forces companies to become
innovative out of necessity and either proactively or reactively look for international
markets. For example, in 1994, the North American Free Trade Agreement
(NAFTA) went into effect between Canada, Mexico, and the United States. The
very same year, Mexico suffered a sharp devaluation of its currency. The results
were the emergence of “two Mexicos,” one that is modern, productive, and
outward-looking that took advantage of these new external markets; coexisting with
an old-fashioned, unproductive, and inward-looking sector of the economy
(McKinsey 2014).

If the European powers were the dominant foreign figures in Latin America from
the sixteenth to the nineteenth centuries, during the twentieth century, the United
States played the most influential political, economic, and cultural role. However,
starting the early twenty-first century, China has become a major player in the region,
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mainly as an exporter of all sorts of products, from consumer to sophisticated goods
(gadgets, autos, etc.) but also as an importer of large amounts of raw material and
commodities. It is an important foreign direct investor (Dussel-Peters 2015).

One characteristic of the twentieth and twenty-first centuries are the
Multinational Corporations (MNCs) that invest, develop products, and services and
sells them in multiple countries. MNCs have traditionally come from the called
“triad” economic centers: United States, Japan, and Europe (Germany, France,
Italy, the United Kingdom, and others). However, new MNCs may come, although
in fewer numbers, from large emerging countries, this is the case of Brazil, China,
India, Korea or Mexico (Bartlett and Goshal 2000).

The “Multilatinas” are those large Latin American companies that expanded
their operations in the region, the term first used by the America Economia
magazine at the turn of the new twenty-first century. Casanova et al. (2009: 9) came
up with an updated term “Global Latina” for those companies venturing beyond the
Latin American region; its definition: “a privately owned, Latin American-based
multinational firm with operation on at least one other foreign continent and which
generates a minimum of US$500 million in annual revenues.” Some of these Global
Latinas are Brazilian companies: Vale® (iron), Petrobras® (oil), Embraer®
(mid-range planes), Natura® (cosmetics), and Politec® (IT services); Mexican
companies: Bimbo® (bread), Cemex® (cement), and America Movil® (commu-
nications). Countries with fewer companies are the Chilean company (Concha y
Toro®, wine); and from Guatemala, El Pollo Campero® (chicken).

However, the internationalization of companies is not limited to large ones, since
the 1980s, the small and medium-sized enterprises (SMEs) started to have a more
active role in foreign markets. In the United States, SMEs contribute with around 30%
of total exports; among the OECD country members, is about 25% to 35%. In the Asia
Pacific region, it reaches 30%. In the European Union, 18% of SMEs are exporting. In
Mexico, SMEs contribute with 9% of Mexican exports (Rodriguez 2013).

2.1 Latin American Economic and Social Indicators
According to ECLAC

The Economic Commission for Latin America and the Caribbean (ECLAC 2016,
CEPAL in Spanish) publishes that the region is the world’s most unequal, because
of its bad income distribution in the population; the most affected sectors are
women, children, and indigenous people. The Gini coefficient measures inequality,
with “0” = perfect equality, where everyone has the same income, and “1” = the
perfect inequality, where one person has all the income, and the rest have no
income. The CEPAL (2016) Gini data for the region reveals that Colombia has
0.530, Brazil 0.515, Mexico 0.507, Costa Rica 0.506, Bolivia 0.493, Chile 0.470,
Argentina 0.455, Peru 0.447, and Uruguay 0.403. Some highlights of the current
economic and social indicators are as follows:
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e Nearly half of the economically active population in cities (46%) works in the
informal sector, with low productivity, and limited or none access to social
security protection and retirement programs.

e Regarding education, 93% of students in the region complete the first 6 years of
basic education, and 73% do so at the secondary level. Most Latin American
governments have laws to make education compulsory during the first 12 years
of education, but it will take years to make it a reality.

e Girls have made significant progress in access to formal education, mainly at the
secondary and tertiary education, when compared with boys.

e The ECLAC’s statistics show that in the age bracket of 25-59 years of age, 40%
of the population has 0-5 years of study; 18% have between 6-11 years of
study. The numbers keep decreasing, only 9% have 12-15 years of study, and
even less, just 6% have 16 years of study, the equivalent of a university degree.

e In 2017, the total population is over 626 million people. The region’s life
expectancy is 76 years, 79 for women, and 72 for men.

e Women still earn just 87% of men’s wages. In the region, women hold less than
25% of positions in the branches of state power.

e There are 114.6 mobile telephone subscriptions for every 100 inhabitants, and
there are 50.1 internet users per 100 inhabitants.

3 Latin America + BRICS + MIST in World Rankings

This section presents economic and social data from Latin America’s largest
economies: Brazil, Mexico, Colombia, Argentina, Chile, and Peru, which taken
together as a group represent nearly three-quarters of the region’s gross domestic
product and more than 70% of the population. In some cases, there is data of
smaller countries, such as Costa Rica, an outlier who scores high in different
rankings such as educational, sustainability and happiness aspects. Other interesting
case is Cuba that in spite of having an almost closed off economy for over five
decades ranks high in health, educational and sports achievements, and in devel-
oping medicines and health treatments, with very few economic resources.

The Latin America data comes from a series of international indexes that offer
world rankings with a different focus: country, city and personal level. Two other
groups of countries are included in the comparison. The so-called BRICS: Brazil,
Russia, India, China, and South Africa, and the MIST group: Mexico, Indonesia,
South Korea, and Turkey. These two acronyms come from the Goldman Sachs
consultancy firm (2003). Brazil and Mexico, the region’s largest economies, appear,
as members of BRICS and MIST groups, but along with Argentina are also parts of
the G20, the top 20 largest economies. Nevertheless, new classifications keep
emerging; the A. T. Kearney Global Business Policy Council (GBPC 2015)
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analyzed the seven emerging markets with more potential for growth for the 2015—
2020 periods. The 2020-Seven: Chile, China, Malaysia, Mexico, Peru, Philippines,
and Poland; but this list does not appear in this study.

The methodology consisted in reviewing databases of international and regional
organizations: United Nations (UN), United Nations Educational, Scientific and
Cultural Organization (UNESCO), World Trade Organization (WTO), World
Intellectual Property Organization (WIPO), and the Organization for Economic
Co-operation and Development (OECD). In the Latin American region: ECLAC,
CEPAL, and the Network for Science and Technology Indicators (in Spanish
RICYT), among others. Academic databases and journals published in the Web of
Science, Scopus, Springer publications, Redalyc, Latindex, Dialnet, Scholar
Google, Scimago, and others. Some data comes from additional searches in inter-
national and regional economic and financial publications, either academic or
practitioner-oriented, and visits to the web pages of relevant companies and
organizations.

3.1 Rankings for LATAM, BRICS, and MIST,
at the Country Level

Total Trade in Relation to Gross Domestic Product (GDP) and Percentage
Invested in R and D.

The World Bank (2015) reports that in all the Latin American, BRICS and MIST
groups, the external trade activity increased during the 1960-2016 period. The
percentages represent the sum of imports and exports of to the gross domestic
product (GDP). The most open large countries are Korea and Mexico, both with
78%, Costa Rica 64%, South Africa 60%, Chile 56%, Turkey 47%, and Russia with
46%. The total trade activity of Brazil of 25% is weak for international standards,
reflecting a closed and protected market.

The investment in research and development (R and D), as a percentage of the
Gross Domestic Product, is one of the most common indicators used to measure the
innovation of an economy. In the 2000-2014 period, the overwhelming majority of
analyzed countries have increased their invested percentage. The two outstanding of
the rest are Korea that almost duplicated the investment from 2.18 to 4.29%, and
China that more than doubled the amount from 0.89 to 2.02%. Thus, it does not
come as a surprise when WIPO (2016) reports that Korea and China, have two of
the top five offices, along with the United States Patent and Trademark Office
(USPTO), the European Union and Japan. The world’s average of the top 40
countries is 1.70%, and none of the Latin Americans is even close. The leading
country is Brazil with only 1.21%, and the rest are a long distance away from the
group average.

It is possible to observe in Table 1 that Korea and China are ahead in this
ranking, in position number 26 and 28, respectively; this puts them very close to the
top 25 developed countries. Of the Latin American countries, Chile is the best
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ranked, in the 33 position, doing well in the Basic Requirements and Efficiency
Enhancers section, but needs to improve in the Innovation section. However, the
same applies to all the economies of the region. The challenge for these
efficiency-driven countries is to move up the economic ladder with unique products
and services.

The Global Innovation Index (GII) started in 2007, uses about 80 key indicators,
divided into two parts. Innovation Input: Institutions and its Environment, Human
Capital and Research, Infrastructure, Market and Business Sophistication. The
second section deals with the Innovation Output: Knowledge and Technology
Outputs and Creative Outputs. In this study, the higher ranked country is Korea in
11th place out of 128 countries, scores high in all, but the Institutions and its
Environment criteria. Korea already has all the ingredients of a developed country.
China comes in 25th place; its highest score is in the Innovation Output section,
precisely the weakness of all the Latin American countries. The objective of China
to move from manufacturer to innovator is in the making. In 2013 China overtook
the US as the more active country in registering and obtaining patents, trademarks,
and industrial designs (WIPO 2013). The Latin countries start to appear at the
bottom of the upper half, with Chile in 44th place, followed by Mexico in 61st,
Uruguay 62nd, and Colombia in 63rd. Also, Brazil 69th and Argentina 81th are in
the lower half (Table 2).

The Global Creativity Index (GCI) measures economic growth and sustainable
prosperity based on the so-called 3Ts: Talent, Technology, and Tolerance. The
hypotheses of Richard Florida, dean of the Martin Prosperity Institute, at the
University of Toronto, is that the countries that score higher have more balanced
societies, where the wealth is better distributed. Florida states that creativity, as
measured by the GCI, influence the economic development, competitiveness, and
its prosperity. And besides, it has an impact on productivity, entrepreneurship and
human development. From about 30% to 40% of the population of the advanced
economies, fall in the category of the creative class, comprised by knowledge
workers, who may be professionals in technology, education, health service,
business, or science. In Table 3, two South American nations score higher than
even Korea or China. Uruguay is in 26th, and Argentina 27th thanks to the very
high scores in the tolerance index; however, they score low in the Global Talent and
Global Technology Indexes. Some countries have low scores in the first index,
linked to educational achievements and lack of good university graduates, related to
economic growth. This is the case with Brazil, China, and Mexico, revealing a
disadvantage if they aspire to an innovation-led economy (Table 3).

Table 4 lists a classification by the stage of development:

The three classes are given as follows:

e Factor-driven economies. It is composed of the poorest countries. Its focus is
on agriculture and extraction business as mining. It depends on low-paid
unskilled labor.
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Table 4 Classification by each stage of development: LATAM, BRICS, and MIST countries

(WEF 2017)
Stage 1 Transition Stage 2 Transition Stage 3
Factor-driven from Efficiency-driven from Innovation-driven
(35 economies) | Stage (30 economies) Stage 2 to (37 economies)
<$2,000 1 > Stage 2 $3,000-$8,999 Stage 3 >$17,000
US dollars Factor-driven (19
$2,000- economies)
$2,999 $9,000-
$17,000
Nicaragua Bolivia Brazil Argentina Canada
India Honduras Colombia Chile Germany
Venezuela Peru Costa Rica Japan
Russia China Mexico Korea
Indonesia Uruguay United Kingdom
South Africa | United States
Turkey

o Efficiency-driven economies. The economy is more competitive, the produc-
tion processes are more efficient, and with good quality. The country is a
platform for manufacturing; they may be tier 1 suppliers for Original Equipment
Manufacturers (OEM). They are under constant pressure from other countries
that may offer similar products at a lower cost.

¢ Innovation-driven economies. The economy moves up to higher value-added
activities, which are more knowledge-intensive. Their activities of
research + development + innovation links with the market to develop products
and services that have value added. Thus, knowledge-based services are tech-
nologic and economic factors in the innovation-driven economies.

The Shih Smile Curve in Fig. 1 presents the value distribution along the global
chain. The highest value is on the left and right extremes. Their focus is on
intangible activities with high value-added and economic benefits, such as R and D,
design, logistics, marketing, sale, and post-sale. On the other hand, the
efficiency-driven companies are in the center; they concentrate on tangible activities
such as manufacturing, where the economic benefit is lower.

One example is the maquiladora industry (in-bond) located mainly on the
Mexican side along the US border. They face international challenges from other
low-cost countries. The companies that survive go through an industrial upgrading.
The first maquila generation consisted of simple manual assembly activities. The
second generation had a higher technological level and automation. The third
generation includes not only manufacturing but also design, research, and devel-
opment of products. Finally, the fourth generation coordinates the logistics and
manufacturing chain of factories not only in Mexico but also in other countries
(Carrillo and Gomis 2003; Carrillo and Lara 2003).
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Fig. 1 Stan Shih Smile Curve. The value distribution along the global value chain (OECD 2013)

3.2 Data from Other Indexes, but Information not Displayed
in Tables, Key Findings

Global Manufacturing Competitiveness Index (GMCI) (2016) The Deloitte
Touche Ltd. publishes the GMCI. Out of a total score of 100, there are four Latin
American countries among the top 40. Mexico appears in the 8th place, scores 69.5,
in the 2020 forecast it will occupy the 7th place with 75.9 points. Mexico is the
largest exporter in the region and the fifteenth globally; it is climbing up the
economic ladder exporting technologically complex products. Brazil is ranked in
the GMCI 2016 in the 29th place with 46.2 points; the prediction for 2020 is that it
will ascend to 23rd place with 52.9 points. Colombia in 2016 is in 36th place with
35.7 points, for 2020 it will move up to 34th place with 40.9 points. Argentina in
2016 occupies the 39th place, with 22.9 points, and for 2020, it will remain in the
same 39th place but with 24.6 points.

The Economic Complexity Index, Harvard-MIT Media Lab Cimoli et al.
(2009) describe the technological specialization index (TSI) that helps to explain
why the Asian economies have consistently increased their TSI since the 1980s. It
analyzes the manufacturing value added; in this period, the Latin countries only
achieve marginal increments. The exception is Mexico, which obtained a better
performance than the other Latin American countries, as the bulk of its exports are
high and medium complexity manufactures. The Atlas of Economic Complexity
Index measures the quantity of knowledge that each country uses. It includes data
from 128 countries. In the 2015 edition, the best performers of the analyzed
countries in this article are Korea, 4th; Mexico is in 21st; China, 26th; Turkey,
42nd; Russia, 45th; Brazil, 47th; Costa Rica, 51st; Uruguay, 55th; Colombia, 60th;
and South Africa is in 64th.
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3.3 Rankings for LATAM + BRICS + MIST: City
and Natural Heritage

UNESCO, World Heritage List

The United Nations Organization for Education, Science, and Culture
(UNESCO) has compiled the World Heritage List (UNESCO 2017). The criteria
are that the site must represent a masterpiece, exhibit, and be an outstanding
example of a type of a building, or a natural setting of exceptional beauty or
importance. UNESCO has to date 1,073 locations; the Latin America region con-
tributes with 139 locations, which represent 13% of the total. The top countries are
Italy, 51; China, 48; Spain, 44; France, 41; Germany, 41; India, 35; and Mexico
with 34 sites. In Latin America, Mexico is the country with more world heritage
positions, followed by Brazil 21, Cuba, 9; Colombia, 8; Chile, 6; and Costa Rica
with 4. Some countries in the region (Brazil, Colombia, Costa Rica, Ecuador,
Mexico, and Peru) are megadiverse for the richness of the animal, plant variety, and
cultural diversity. The UNESCO Universal Declaration of 2001 proclaims the
respect for biological diversity and cultural diversity as sources of innovation,
creativity, and exchange.

UNESCO Creative Cities Network (UCCN) 2017

The UCCN network (2004) “aims to strengthen cooperation with and among cities
that have recognized creativity as a strategic factor of sustainable development as
regards economic, social, cultural and environmental aspects,” (Unesco.org 2017).
There are 116 city members, from 54 countries (see Table 5). It covers seven

Table 5 Creative cities network—seven creative fields (UNESCO 2017)

Creative field Quantity City Country Member Since:
Crafts and folk art 4 Nassau Bahamas 2014
San Cristobal Meéxico 2015
Duran Ecuador 2015
Jacmet Haiti 2014
Design 3 Buenos Aires Argentina 2005
Curitiba Brazil 2014
Puebla Mexico 2015
Film 1 Santos Brazil 2015
Gastronomy 4 Belem Brazil 2015
Ensenada Mexico 2015
Popayan Colombia 2014
Florianopolis Brazil 2014
Literature 1 Montevideo Uruguay 2015
Music 4 Bogota Colombia 2012
Medellin Colombia 2015
Kingston Jamaica 2015
Salvador Brazil 2015
Media Arts 0 - - -
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creative fields: crafts and folk art, design, film, gastronomy, literature, music, and
the media arts. There are currently 17 Latin American cities in the UCCN. Brazil is
the most active country with five cities, followed by Mexico and Colombia, both
with three; Argentina, Bahamas, Ecuador, Haiti, Uruguay, and Jamaica all have one
metropolis.

The list of the different creative fields is composed of Crafts and folk art: four;
Gastronomy: four; Music: four; Design: three; Film: one; Literature: one; and none
for Media Arts (UNESCO 2017). Nevertheless, one natural candidate is
Guadalajara in Mexico, a digital city. The media city has its headquarters at Mexico
Innovacion y Disefio (MIND 2017). However, as this chapter is about to go to
press, UNESCO announced on October 31, 2017, that 64 new cities join the
UCCN NETWORK, and eleven are from Latin America. Gastronomy, four; music,
two; crafts, two; design, two; and media, one city: Guadalajara. This will make a
total of 28 Latin American cities on the list (UNESCO 2017).

UNESCO Intangible Cultural Heritage of Humanity

The term “cultural heritage” goes beyond monuments and collection of objects. “It
also includes traditions or living expressions inherited from our ancestors and
passed on to our descendants, such as oral traditions, performing arts, social
practices, rituals, festive events, and practices concerning nature and the universe or
the knowledge and skills to produce traditional crafts,” (UNESCO 2017). The
intangible cultural heritage has certain characteristics: traditional and living,
inclusive, representative and community-based. This program started in 2008, to
date there are 429 intangible heritage initiatives. The larger countries have the most
registers: Mexico, and Colombia, both with nine; Brazil, eight; the Dominican
Republic and Ecuador with three; Argentina, Guatemala, Cuba, and Chile they all
have two; while Costa Rica only has one. The Latin American countries are pro-
tecting their heritage, such as traditional music and dance: Tango (Argentina),
Capoeira (Brazil), Mariachi (Mexico), Marimba (Ecuador), Rumba (Cuba) or the
Merengue dance (Dominican Republic). The intangible heritage is an important
source of innovation.

3.4 Rankings for LATAM, BRICs, and MIST at the Person
Level

Human Development Index (HDI) (2014), United Nations (see Table 6)
The HDI is part of the United Nations Development Program (UNDP 2017);
formed in 1990; it includes data of 188 countries. “It was created to emphasize that
people and their capabilities should be the ultimate criteria for assessing the
development of a country, not economic growth alone.” The human development
index consists of life expectancy at birth, expected number of the schooling years,
and Gross National Income (GNI) per capita in US dollars. In the rank of “very high
human development,” there are three countries in the Table: Korea in 18th,



17

Against the Odds. Innovation in Latin American SMEs

el 8- £50°01 6'L 6Cl 1°69 689°0 | eIsauopuj el
Juaudoaaap uvwny wnpapy
S6 01- 9L Tl 9L 9'¢l [a78 LTLO | BlQUOOD S6
16 L- Sre'el 9L gel 09L 8€L0 BUIYD 06
68 9 S6T11 0’6 el 8L 0rL0 niod L8
6L 1- SYI'vl 8L 49! L'yL YSL0 [1zexg 6L
LL 6° €8¢91 98 £l O'LL 9L0 OJIXIN LL
L L SOL'81 6'L Pad! SSL L9L°0 Aoy, 1L
69 8% SSH'L 811 6°¢l 9'6L SLLO eqon) 89

BoTY
99 14! 90071 L'8 [a4! 9'6L 9LLO BIS0D) 99
145 8 8Y1°61 9'8 $S1 vLL S6L°0| AenSnin 145
Juaudoanap uvwny Y31y
Sy Cl S¥6°0C 6’6 €Ll SoL LT80 | runuasry Sy
8¢ 91 $99°1¢C 6'6 €91 0'C8 L¥8°0 S e) 8¢
81 1! 1825923 6°Cl 991 128 1060 BAIO3 81
Juawdojaaap uvwmy Y3y L1

q je Xopur

GT0T Yuer [qH Snurw eydes 1od owoour Surjooyos (s1eak) Surjooyos Koueyoadxo juowrdofeAap yuey
$10C yuer endes 1od [ND [euoneu ssoIn) IND | JO SIeak uedy Jo s1eak pajoadxg Elig| uewny | Anpuno) | [QH

(#10T N setnunod ISTN Pue SOTIE ‘NVLV'T ‘F10C Xopur Juswdo[oadp uewmy 9 qey,



18 J. Rodriguez-Martinez

followed by Chile, 38 and Argentina, 45. In the following section “High human
development,” the best ranked is Uruguay, 54; Costa Rica, 66; Cuba, 68; Turkey,
71; Mexico, 77; Brazil, 79; and Peru, 87. In the rank of “medium human devel-
opment,” there is only one country, at a great distance from the leaders, Indonesia,
113.

Happy Planet Index (HPI) 2016, New Economics Foundation The New
Economics Foundation has the slogan: “economics as if people and the planet
mattered.” The HPI evaluates 140 countries. The data comes from assessing how
efficient are countries at using environmental resources, and if their citizens may
lead long and happy lives. The four elements are well-being, life expectancy,
inequality of outcomes, and ecological footprint. Most of the advanced and wealthy
countries tend not to score well in the HPI. Instead, the leaders are countries from
Latin America and the Asia Pacific, as they have a more balanced life and the
ecological footprint that leaves behind is smaller. Latin American countries, tend
not perform very well in the competitiveness, innovation, and manufacturing
indexes; appear in mid-table, or in the bottom half. They start to improve in the
creative cities, world heritage, and intangible heritage. However, in this ranking,
they are the absolute leader. The first overall three out of 140 countries are from
Latin America: Costa Rica, first; Mexico, second; and Colombia, third; followed at
a distance by Uruguay in 14th place. Indonesia comes in 16th position. The next
four countries are also from the Latin region: Argentina, 19; Peru, 21; Brazil, 23;
and Chile in the 25th place. It is ironic that in this data the roles of China and Korea
change, previously in all other Tables they had the top positions and here are the
laggards; China occupies the 72nd place and Korea the 80th position.

4 Constraints that Limit Innovation in Latin America

A highly restrictive environment limits innovation in Latin American. It is a region
formed by emerging economies, with complex political, economic, social, and
technological issues. This situation limits the capacity of governments, companies,
and individuals to improve products or services at the local scene. However, due to
neoliberal policies, most Latin countries have their domestic markets open to for-
eign competitors and are part of Free Trade Agreements. This section will attempt
to highlight some of the main problems and constraints.

The Corruption. Transparency International (2017), a Non-Governmental
Organization, present in over 100 countries, defines: “Corruption is the abuse of
entrusted power for private gain,” (Transparency.org. 2017). Their research reveals
there is a strong connection between corruption and inequality. The Latin America
region scored very low in the 2016 Corruption Perceptions Index, as it only
obtained 44 points out of a maximum score of a 100. It calls the attention that the
larger economies are the ones that scored the lowest in a ranking of 176 countries:
Uruguay (21), Chile (24), Costa Rica (41), Cuba (60), Brazil (79), Colombia (90),
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Argentina (95), Peru (101), México (123), and Venezuela (166). The challenge for
the governments is not only to implement transparency but also to attack the
impunity of those who break the law. A current problem with corrupt companies is
that they prefer to take shortcuts instead of investing and innovating for the long
term.

The Poverty. The ECLAC (2016) reported that 12% of the Latin American
population, or about 70 million, live in extreme poverty. In rural areas, the situation
is worse as it affects one-third of the people. High levels of inequality may affect
growth negatively by causing a lack of investment in human capital among
low-income families.

The Most Relevant Worries for Latin American Citizens. One study revealed
the perceptions of Latin American citizens (Latinbarometro 2016), their biggest
concern, for 37%, were economic (general economy and employment). For 25%,
relates to violence (drug trafficking and urban gangs). Other problems are corrup-
tion with 7%, politics 5%, education 4%, and health-related issues with 4%.

The Informality. The problem is so common that about 55% of workers in the
region are in the informal sector. In Mexico, the second largest Latin economy, the
situation is very similar. The National Institute of Statistic (INEGI 2017) published
that about 29 million people, more than half of the labor force, are in the informal
sector. Nevertheless, despite its low level of productivity, they contribute with 26%
of the country’s GDP. A drawback is that employees in the informal sector are
vulnerable to any work-injury or illness and do not have social security.

The Preoccupant Low levels of Education. The United Nations (2011)
reported that in the age bracket 15-29, there were 156 million young people, of
which only 9% completed university education. Most countries in Latin America
have passed laws that the expected years of schooling for their young people are
twelve years; however, the reality is different. The country with the highest mean
years of schooling is Cuba with 11.8, followed by Argentina and Chile both with
9.9; Peru, 9; Costa Rica, 8.7; and Mexico and Uruguay both with 8.6 years.

The weak rule of law and the lack of compliance. The International Property
Rights Index (IPRI 2017) measures the protection of property rights in 127 coun-
tries, either physical or intellectual (patents, trademarks, and industrial designs); it
also evaluates the legal and political environment. In the 2017 edition, Latin
America as a region increased its IPRI score from 4.747 to 5.234, on a scale of 10.
The rankings come in five quintiles. In the first quintile, there are the top 17
countries, but none of the countries in this study appears there. The second quintile
has 22 countries, of the Latin: Chile (28) and Uruguay (36), and from Asia and
Africa: South Africa (26), and Korea (34). In the third quintile, there are 25
countries: Costa Rica (45), Brazil (58), Colombia (62), China (52), and India (54).
In the fourth quintile, there are 29 countries: Peru (65), Mexico (67), Indonesia (68),
Turkey (78), and Argentina (97).

The Protectionism. There is a growing level of tariff protection in areas of
export interest to the region, Europe, and United States, preventing exporters from
taking full advantage of tariff-free access. There are nontariff barriers as well that
may go from sanitation criteria to standardization requirements.
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The Demographics and Shifts in the Demand in International Markets.
There are two trends, on one extreme there is a declining fertility rate, and in the
other, the growth of the aging population. There is a shift in the international
demand that brings an end of the commodities boom during the first decade of the
twenty-first century (McKinsey 2017).

5 Latin American Clusters and Types of Innovation

This section presents two perspectives of innovation, from an overall view of
clusters, and to the company level. A cluster is a place where companies, univer-
sities, research centers, public institutions, and finance centers are in proximity to
create new products or processes. Some of the Latin American most representative
Clusters appear in Table 7 (Giulani, Petrobelli, and Rabellotti 2005). Traditional
manufacturing centers, such as textiles, shoes, furniture, tiles or jewelry. Natural
resource-based locations, such as wine, sugar, salmon, and milk-dairy; other
products are mangoes, grapes, melons, and apples. Complex products may come

Table 7 Overall view of some Latin America’s Clusters: traditional, manufacturing and others
(Giulani, Petrobelli, and Rabellotti 2005), PROMEXICO Clusters (2017), Bortogaray (2000)

Traditional Natural resource-based Complex products Specialized

manufacturing clusters, wine, sugar, automobile assembly, suppliers

clusters copper, salmon, fruit, aircraft, consumer software

etc. electronics

Textiles Wine Aircraft Software
videogames

Medellin Colchagua (Ch) Sao Paolo (Br) Joinville (Br)

(Col) Itaji, Santa

Catarina (Br)

Itaji, Santa Serra Gaucha RGS (Br) Querétaro (Mx) México City

Catarina (Br) MX)

Central American Valle Guadalupe, BC Chihuahua (Mx) Baja Guadalajara

Countries (CR, (Mx) California (Mx) (Mx) Monterrey

Gt, Hon) (Mx)

Shoes Sugar Automotive Buenos Aires
(Ar)

Sinos valley (Br) Valle del Cauca (Co) Nova Serrana (Br) Creative
industries

Campina Grande Marble Caixa do Soul (Br) Meéxico City

(Br) (Mx)

Leon (Mx) Espiritu Santo (Br) Ciudad Juarez (Mx) Guadalajara
(Mx)

Guadalajara (Mx) Salmon Ramos Arizpe (Mx) Buenos Aires
(Ar)

(continued)
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Table 7 (continued)
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Traditional Natural resource-based Complex products Specialized
manufacturing clusters, wine, sugar, automobile assembly, suppliers
clusters copper, salmon, fruit, aircraft, consumer software

etc. electronics
Furniture Region Austral (Ch) Guanajuato (Mx) Medical devices
Serra Gaucha (Br) Milk-dairy Aguascalientes (Mx) Baja California

(Mx)

Uba, Minas Boaco-Chontales (Nic) Puebla (Mx) Chihuahua (Mx)

Gerais (Br)

Espiritu Santo
Br)

Mangoes/Grapes

Pharmaceutical

Electronics

Sao Bento do
Soul (Br)

Petrolina-Juazeiro (Br)

Meéxico City (Mx)

San Jose (Costa
Rica)

Segusino-Chipilo Quinta Region (Ch) Mar del Plata (Ar) Guadalajara
(Mx) (Mx)
Tiles Melons/Grapes Household appliances Biotechnology

Santa Catarina
(Br)

Rio Grande Norte (Br)

Nuevo Leon (Mx)

La Habana (Cu)

Jewelry

Apples

Processed food

Montevideo
Uy)

Guadalajara (Mx)

Santa Catarina (Br)

México City, Puebla,
Oaxaca-Veracruz (Mx)

Film making

Taxco (Mx) Chihuaha (Mx) Metal-mechanical México City
(MX)
Monterrey (Mx) Buenos Aires
(Ar)

from industrial areas, such as auto-parts and automobile assembly, aircraft, phar-
maceutical, or household products. Specialized suppliers compose the last one;
some examples are software, video games, medical devices, electronics or
biotechnology.

Latin America, with its growing middle classes, is an important market for
multinational companies that establish manufacturing facilities, but lately, its
growing well-educated workforce and relatively low costs have made it attractive
for research and development activities (Boutellier, Gassmann, and von Zedtwitz
2000). The policymakers are paying attention to clusters, for example, the Mexican
Government through the National Statistics Institute and the National Institute of
the Entrepreneur (INADEM 2017) created a cluster mapping of the country to
attract foreign direct investment (FDI).

At the company level, there are different types of innovation in Latin America.
The criteria to choose the cases was to show that in Latin America, in spite of
hurdles, restrictions, and lack of human and material resources, there are success
stories, most not well known. They are the fruit of talented individuals or com-
panies who persevered against the odds. The traditional academic literature tends to
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have an American or European focus, thus, neglecting the rich, different and diverse
experiences that come from emerging economies, such as Latin America. The
examples follow the OECD classifications from the 2005 Oslo Manual. That is a
new product, process, marketing method, and organizational methods. In addition,
due to its increasing importance, the topic of social improvements is part of the
analysis. The objective is to offer a better perspective of how improvements take
place in the region.

5.1 New or Significantly Improved Product (Good
or Services)

e Tridilosa (MX), Heberto Castillo created a tridimensional construction system
that uses a combination of iron and concrete. The innovation consisted in the
lightness of the structure, savings of about 66% in the material. These types of
structures appear in roofs that cover large areas and even bridges. He obtained a
patent for this invention in the seventies (Conacyt 2017).

e Algramo® (Ch) vending machine that sells items such as beans, lentils, rice or
sugar in bulk at lower prices. The product targets consumers that belong to the
bottom of the pyramid who buy small quantities of food but end up paying up to
40% more. Local stores offer consumers the option of the Algramo vending
machines, profits are split with store owners (Allchile 2017).

e The contraceptive pill (Mx), Luis E. Miramontes coinvented the first birth
control pill in 1956. The pill made possible the sexual revolution of the 1960s
allowing couples to plan how many children they wanted (WEForum 2016).

e Color TV (MX), Guillermo Gonzalez-Camarena filed in 1942 for a patent in
Mexico and in the United States; although color TVs became popular until the
1960s (WEForum 2016).

e The ballpoint pen (Ar), the Hungarian Lazlo Biro, designed the pen that used
fast drying oil-based ink and a tungsten ball that allow the ink to flow into the
paper. He fled to Argentina just before the World War II, where he obtained a
patent and during several years he was the leading producer of pens (WEForum
2016).

e The automatic tortilla machine (Mx), the tortillas were handmade until the first
machines appeared in the 1940s; they utilize rollers to shape the tortilla and
wires to separate them. The tortilla is a basic ingredient of Mexican food, either
flat, folded or roll up as in tacos (Prodiamex 2017).
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5.2 New Process

* The Colombian Association of Flower Exporters (Asocolflores®) represent
Colombian-owned farms that grow flowers. It is the country’s second-leading
agriculture export. The logistics include cutting flowers, dethroning, refrigerating,
packaging, and sending them by plane to 89 international destinations (PMA 2015).
* (Mx) Juan Celada is the inventor of the direct reduction system for the iron, or
sponge iron, patented by Mexican corporation Hylsa, Monterrey, in 1957. The
company used imported scrap iron from the USA; however, in the 1950s, due to the
Korean War, this was no longer possible. Therefore, Hylsa had to change its
technology process, the resulting Hyl-Process, improved quality and reduced costs.
It is Mexico’s number one tech contribution to the world steel industry (Siyanbola,
et al. 2012).

* (Mx) The International Agricultural Research Center (CIMMYT 2017) it grew out
of a pilot program sponsored during the 1940s and 1950s period, with the objective
of raising farm productivity in Mexico. It is an important research institution, which
contributes to the Green Revolution and to an increase in the production of maize
and wheat (Innovalatino 2011).

* (Br) The agricultural research institute, EMBRAPA®, played an important role in
the green revolution and it contributed to an increase in productivity. Brazil is the
largest exporter of coffee, sugar, orange juice, and tobacco. And it is the second
biggest producer of soya (Innovalatino 2011).

5.3 New Marketing Method

* (Br) Natura Cosméticos® it is “a pioneering manufacturer of eco-friendly personal
cosmetics, fragrance and personal hygiene products.” The ingredients for the sus-
tainable products of the company come from local communities. It has a direct sales
network with over one million sales representatives or consultants (Natura 2017).
* (Col) Colombia’s Federation of Coffee Producers, instead of competing in
international markets on its own, they teamed together and agreed on having one
premium brand, Juan Valdez®, for its coffee products. The brand represents
500,000 coffee producers’ families; they have successfully applied marketing, and
diversified into retailing with its international chain of coffee shops (Juan Valdez
2017).

* (Mx) the retail unit Elektra®, and Banco Azteca® (store, and bank), target cus-
tomers from the bottom of the pyramid (BOP), most of them work in the informal
economy and are not eligible to commercial credit. They may buy household
products in small installments. Elektra offers a foreign remittance service with
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money transfers from the USA, paid in their facilities, which are open seven days a
week. They have stores in Mexico, Central, and South America (Elektra 2017).

* (Mx) OXXO® Convenience stores, they are small and open 24/7. The customer
may buy dairy products, snacks, drinks and pay for city services, telephone or credit
cards. In 2016, Oxxo had 15,525 stores in Mexico and Latin America, making it the
leading retailer in the region by number of units (Femsa 2017).

5.3.1 New Organizational Methods in Business Practice

* (Br) Doctor Solution®, offers the formal service of plumbers, electricians and
construction workers, with quality, warranty, and even an invoice. These types of
employees tend to work in the informal sector and are usually unreliable. Brazil is
the fourth largest market in the world in number of franchises and it is now
exporting business models that respond to the specific needs of Latin American
countries (Doctor Solution 2017).

* (Ar) Guerra Creativa®, provides design services by crowdsourcing. If a client
wants a new Web page, they will host a design contest for a few days, better design,
quick responses and reduced costs. A participative digital community offers a
variety of options and the client selects the one that better fits his purpose (Guerra
Creativa 2017).

* (Ar) Mercado Libre®, it was the Latin answer to eBay®. It is the largest and most
visited e-commerce Web site in the region, serving 15 countries and over 30 million
customers that buy all sorts of goods, sell and pay using this platform (Mercado
Libre 2017).

* (Mx) Insitum®, is a leading innovation-consulting firm in Latin America that help
companies to solve complex problems. It uses user-centered methodologies such as
Design Thinking, User Experience Design (UX) and lean innovation. It specializes
in strategic design, service design, organizational design, and product design
(Insitum 2017; Fastcompany 2017).

5.4 New Workplace Organization or External Organization

e (Ar) Los Grobos®, it is one of the largest grain producers and agricultural
services providers in the world, even though it does not own any land, or
tractors or harvesters. It is a global company, which provides food and energy
production, risk management, human and social capital (Los Grobo 2017).
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e (Co) Colombian Parquesoft® is a Technology Incubator in Medellin’s
Innovation District. A cluster that works as an ecosystem; it has more than 400
companies of digital art, science, and ITC. There are 12 technology centers, in
Cali, Medellin, and other cities, providing ITC service to 42 countries
(Parquesoft 2017).

e (Ar) Centro Metropolitano de Disefio® (The Metropolitan Design Center), is a
public institution part of the General Direction of Creative Industries in Buenos
Aires. “This is the place where design and innovation come together; it pro-
motes meetings of design professionals, companies, institutions and a system to
generate value”. Its vision is to become the main public promoter of the social,
economic, and cultural importance of design (Buenos Aires gob 2017).

5.5 New Social Innovation—Social Benefits

e (Br) The Curitiba Bus Rapid Transit (BRT) System. This is a low-cost mass
transit system that is an attractive alternative to the most expensive subway
option. It has a dedicated lane in the avenues, use bus stations for boarding, and
a smart card for payments. There are now more than 50 BRT systems in North
and South America, Europe, and Asia (Hensher and Golob 2008).

e (Br) The Center for Digital Inclusion® (CDI). Its key concept is helping
low-income communities to help themselves. “CDI community centers are:
self-managed, self-sustainable, and implement the CDI pedagogy.” There are
842 schools in Brazil and 15 countries and about 1,640,000 certified people
(Innovalatino 2011).

e (Ch) Un Techo para mi Pais® (A roof for my country), founded in Chile by a
group of young people that build houses together with the families living in
slums. There are about 104 million people living in these conditions in Latin
America. TECHO has expanded to 15 countries in the region. The program has
involved 723,178 volunteers that work with the family to build in a couple of
days a simple, but decent house, by promoting social development, fostering
social awareness and local action (Techo 2017).

e (Co) The urban transformation of Medellin. In 1992, it was one of the most
dangerous cities in the world. Today, this city of 2 1/2 million people is a
laboratory of progressive architectural and urban interventions, for social inte-
gration. The city has undergone a spatial, social, economic and cultural trans-
formation. In 2012, it was recognized as one of the world’s most innovative
cities (WEF 2016).

e (Ch) Recycla Chile®, it is the first and only electronic recycling company in the
country. It disarms appliances by extracting and separating the raw materials.
The employees are people with criminal records. In 2008, it obtained the Energy
Globe Award (Recycla 2017; Innovalatino 2011).
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6 Conclusions and Final Remarks

This essay attempts to present an overall view of Latin America’s innovation, a
region of promises, with a young population that aspires to obtain a better quality of
life. The task is overwhelming but fascinating, as information is scattered.
Innovation may arise even in highly restrictive environments, in a region plagued
by economic, social, and technological problems. This is in spite of high infor-
mality, bureaucracy, corruption, low-skilled work, weak productivity, and
out-of-date technologies that characterize large parts of the regional economy. In
this group of countries, small and medium-sized enterprises (SMEs) represent
nearly 99% of the total number of companies, the majority fighting for their own
survival, therefore, improvement activities are not their chief concern. However,
there is a small group of SMEs, albeit growing that are the unsung heroes, nimble,
creative, smart, and close to the market. Their target may be the bottom of the
pyramid or the growing middle local classes. They may also target niches in
international markets with demanding consumers seeking products of high-quality
and design, attractive price, reliable service, and delivery.

There is a need for regional public policies that may create a shift from natural
resources to a knowledge-society. Nevertheless, this will not happen overnight, as it
is necessary to improve human capital through investments in quality education, R
and D, ICT, innovation systems, better infrastructure and enforcing the rule of law
and protection of Intellectual Property (de Ferranti et al. 2002). The aim of most
Latin American countries is to move out from the so-called middle-income trap,
based on efficiency to an innovation-driven economy. And to move away from
commodity-type markets that are price-sensitive to market-niches that demand
design, novelty, technology, service and a better experience. Nevertheless, the race
is on, as several other countries, from Asia or East Europe, with a comparable level
of development, have similar aspirations.

Of the regional studies of innovation, the best known, more complete and
probably the best, is the European Innovation Scoreboard. In Latin America, the
OECD Oslo Manual, already described in a previous section, was the reference to
come up with and adapted version that better reflects the reality of the region. The
Network for Science and Technology Indicators (RICYT in Spanish) published the
Bogota Manual in 2001, as a guide to the national innovation surveys in the region.

Some key recommendations from Casanova et al. (2016: 82) are: “... A national
vision and a drive for partnerships, innovation related to natural resources, human
capital as a catalyst of innovation, supporting SMEs through cluster policies,
innovation information ecosystems beyond traditional measures, and support for
innovation leading to social inclusion and sustainability [...] Latin America is
innovating, albeit in its unique way. It is redefining innovation, giving new para-
digms and facets to innovation and, thus, charting its own growth story, tailor-made
to tackle its weaknesses and build on its core strengths. Thus, the economies are
becoming better equipped to seize their opportunities, even with the backdrop of the
scarcity of resources and low R&D expenditure.”
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Cassoni and Ramada-Sarasola (2012) argued that standard innovation output
indicators are unable to account for new procedures and the great variety of
improvements and novelties in the Latin American market, as there are imperfec-
tions and high degrees of uncertainty. Lourdes Casanova (2011) has a similar point
of view: “We [tend to] measure innovation in very traditional ways. We measure
regarding investments in R&D, patents registered, the number of Ph.D. holders, and
in the quantity and quality of published work.” The InnovaLatino report demon-
strates that the use of those indicators is not adequate to create an accurate picture of
the actual potential of Latin America. And in spite of the fact of occupying low
positions, there is a high level of improvements that do not appear in the rankings.
“Capturing innovation [in Latin America] does not come from traditional sources,”
(Innovation Excellence 2011).

There is a growing use of Information Communication Technologies in Latin
America, among the younger generations. There is a link between higher education,
socioeconomic level, age, and the more intense use of social networks (Latin
Barometer 2016). Facebook is the most popular option with 50%, followed by
WhatsApp with 49%, and Youtube with 28%. These are potential tools not only for
irrelevant social issues but also for work and innovation-related activities;
according to ECLAC, the Latin region is already the top user of social networks.

The job situation, especially among Latin American young people is precarious,
as result of several factors, such as the continuous downsizing of companies that try
to reduce their fixed costs by outsourcing activities. However, there are opportu-
nities as well with the surge of ICT technologies, social networks, Smartphones,
and the restless attitude of millennials with new ideas, such as the movement called
“the makers” that use 3D printing in small-scale laboratories.

The combinations of these factors contribute to the creation of a start-up culture.
Johnson, Christensen, and Kagermann (2008) suggest by starting to detect an
unfulfilled market opportunity to satisfy a customer who needs to have a job done,
which is to solve a problem that needs a solution, through a better customer value
proposition. One example is the Startup Mexico initiative opened a few years ago to
coach entrepreneurs through the first period of incubation of their business. Campus
Party attracts university students for a weekend to present new ideas, take work-
shops, attend conferences, and create networks, etc. Another example is Innovation
Match MX that aims to attract and “be an innovative meeting point where com-
panies, researchers, and students will be able to share knowledge, experiences, and
explore opportunities of technological-based products or services. The forum aims
to reunite Mexican talent; regardless of in which country they live, with Mexican
companies and institutions to arrange technological projects that boost the inno-
vation in the country (Innovationmatch 2017).

In a knowledge-society, advanced learning plays a central role. The OECD
(2017) points out that “the potential for higher education remains unrealized in
Latin America.” Although enrolment of university students has improved, gradu-
ation rates are still low; these institutions face quality and adequacy problems. On
average, only 14% of the population aged 15-64 completes the tertiary education
(2017: 152). There is an insufficient number of Latin American students interested
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in science, only 6%; on the other extreme, the most popular programs are social
sciences, law, and business with an average of 39%. In the field of engineering,
manufacturing, and construction, the Latin America data of 17% is similar to the
OECD countries with 15%. Mexico with 115,000 graduates per year is the country
in the region with the largest number of alumnae in engineering and technology.
The same OECD in his book Skills for Innovation and Research (2011) defined two
sets of skills: hard skills are necessary for science, mathematics, ability to learn a
new language. On the other hand, soft skills facilitate multicultural collaboration
between people and companies from different countries, ability to solve problems,
to communicate, and to lead, and complete a project.

International students and migrant networks are reshaping the world; they have
increased mobility and intense flow of information thanks to ICT, which helps to
disseminate new concepts. Many of the emerging world’s brightest minds attend
Western universities. As opportunities arise in their native countries, students go
back home with the knowledge acquired and the contacts made. “Diasporas create
connections that help people with good ideas to collaborate with each other...”
(Economist 2011: 13 and 72). There is no lack of talent in Latin America. The
Small Business Administration (SBA) publishes that Hispanic-Americans are the
fastest growing population group in the USA, with nearly 55 million people; they
have opened 3.3 million businesses. Foreign-born American starts businesses at a
ratio of three to one when compared with non-foreign born. The Hispanic entre-
preneurs have acquired a new name “Latinovators” (Small Business Administration
2016).

The World Economic Forum 2017 on Latin America revealed that there is an
acute skills shortage. Companies in the region complained that about half (50%) of
formal firms could not find the candidates fulfilling the skills they need; especially
in the most advanced sectors of the economy, such as automotive or aerospace.
(WEForum 2017). The ironic situation is that there are groups of young people who
are neither studying nor working; thus, the region is wasting its more precious
resource.

In a speech delivered by the former president of Ecuador, Alfredo Palacio
(AFESE.com, May 22, 2006), he presents the economic dependency of a country
when its future is subject to the exploitation of its natural resources and has no other
option if only sells crude oil at market prices: “...This is how the Ecuador’s Budget
is composed, it comes fundamentally from oil, with no value added, there are no
neurons, no work, the oil that we obtain from over there; we send it abroad
regardless of what they pay, we send it, because we live out of that ...”

Another example is the speech by the former Brazilian Ministry of Industry,
Commerce, and Trade, Mr. Fernando Pimentel (August 30, 2011), who illustrates
the gravity of not doing anything to change the actual situation of a Latin America,
selling raw materials and importing finished goods: “If the government let the
markets act alone, South America will become the farm and the mine of the world,
while Asia, the (manufacturing) plant of the world (Canacero.org.mx 2011).”

This work attempts to present the myriad examples and initiatives of how
innovation is happening in Latin America, it is ubiquitous, adapting to changing
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circumstances; however, the actual official and private indicators are not consid-
ering. New products, services, and processes are emerging in the region, despite the
lack, or insufficiency, of financial, human, or technological resources. The essential
elements are already there. As paradigms are changing, new opportunities arise with
the 3D printing technology, or with the on-demand economy and sharing economy.
A different type of consumption model that is inclusive and with a better distri-
bution of wealth is urgently necessary. The stakeholders are in place: private firms,
universities, government research institutions, ministries, and the citizens; however,
it is essential to work together, cocreate and add not rest.

However, new ideas may flourish in a culture that is tolerant of failure, promote
entrepreneurship at an early age, and disseminate the achievements, but also the
lessons learned of those that initiate new things and fail. Innovation also requires
resources, therefore, is advisable to create a support networking with venture capital
funding, angel investors and risk capital. Niccolo Machiavelli wrote in The Prince,
“It ought to be remembered that there is nothing more difficult to take in hand, more
perilous to conduct, or more uncertain in its success, than to take the lead in the
introduction of a new order of things.”

The Latin American countries, with their rich cultural history, have an inter-
national opportunity in the Creative Economy. As is the case of design, as men-
tioned earlier, the first schools in Latin America opened during the 1960s during the
import-substitution period. It is a discipline that applies to different sectors, such as
transportation, education, manufacturing, health and domestic appliances. More
than half a century later, the design has started to mature, although still should
achieve recognition among company owners who may use it as a strategic tool; on
the other side, consumers deserve well-designed products regardless of the price
they pay.

There are hundreds of schools and thousands of graduates working in the region,
the USA, Europe or Asia. Latin American designers have received many interna-
tional design prizes and awards. The store of the Museum of Modern Art (MoMA)
in New York City celebrated a Destination series (2005-2012 period), to discover
design concepts from around the world. It showed the work of Argentinean,
Brazilian, and Mexican designers. In Mexico, during the 1970-1976 presidential
periods, there was a national design prize geared to the international markets.
A new design prize started in 2016. In Brazil, they have a design award since 1988,
and several other countries followed the example. Three Latin America’s cities are
in the UNESCO Design category: Buenos Aires, Curitiba, and Puebla. As this
chapter is about to go to press, the UNESCO announced in 2017 the designation of
two new design cities: Brasilia and Mexico City. Also, Mexico City was designated
World Design Capital© for 2018.

There is a touristic, social, and economic opportunity in the creation of collective
marks to identify the world heritage sites, the immaterial heritage, or the title of
creative cities that some countries have obtained from UNESCO. A pending subject
is the creation of a culture of registration of intellectual property of patents, utility
models, trademarks, and industrial designs. Katelhohn and Ogliastri (2013) con-
cluded that innovation in Latin America is geographically more concentrated than
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economic activity; the evidence is that even though Latin America contributed in
2012 with 8.7% of the world’s Gross Domestic Product, it only generated 0.19% of
the patent production registered in the USPTO.

It is a daunting job, but if Latin America wants to control its destiny, it must
develop ideas and turn them into new business models, and not wait to receive it
from elsewhere. Innovation is probably the best option for the region to improve the
standards of living and level of education, reduce the income disparity, and compete
in the world markets with environmentally friendly products. The World Economic
Forum 2017 declared the three biggest challenges for the region: corruption, edu-
cation and skills development, and reducing inequality. The Latin American dream
envisions products and services that proudly will bear not just the “Made in Latin
America” mark but rather the “Innovated” or “Created in Latin America” brand.
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Use of Lean-Sigma as a Problem-Solving M)
Method in a Restrictive Environment sk

Noé Alba-Baena, Francisco Estrada-Orantes
and Christian Valenzuela-Reyes

Abstract This chapter presents the use of Lean-Sigma methodology and tools in a
Latin American restrictive environment where time, economic, and technological
limitations are common. These conditions limits the use of solutions such as
reengineering and major technological investments. The mentioned restrictive
characteristics are the perfect scenario for the use of fast and efficient solutions for
customer-focused challenges. Lean-Sigma is a fast responder methodology focused
on problem-solving using the effective approach of Lean Manufacturing combined
with the statistical analysis of Six-Sigma. The use of Lean-Sigma methodology has
been previously reported, and its value proved as an efficient solving methodology
in highly restrictive environments. However, this chapter describes the inclusion of
Design for Six Sigma (DFSS). After the initial considerations, an example related to
a production problem in an exterior-home products, is described from a manufac-
turing facility at Juarez, Mexico. The project is focused on a brass component for
outdoor lighting products. The customer complaints shows that this component
comes from the supplier with differences in color and tones, through the combi-
nation of Lean-Sigma and DFSS a solution is given. The solution includes the
design of a qualitative measuring device, the modification of a cleaning process,
and the standardization of the chemical coloring process (Patina). Once validated,
the designed device was also used for determining the acceptance levels at the
incoming inspection station and was incorporated into the quality control station.
Finally, the results and knowledge were successfully transferred to the supplier. The
results shows that the combination of Lean-Sigma with the DFSS methodologies
and their tools can satisfactorily be used in a restrictive environment.
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1 Introduction

The factories established in Mexico to assemble final products and supplied them to
the USA market (since the 1960s) are characterized by their diversity of origin:
from the USA, Japan, and European ownerships among others. These facilities are
dedicated to producing electronic equipment, clothing, furniture appliances,
auto-parts, and more products. During the last six decades, this manufacturing
business in Mexico coined and developed the term “maquiladora” production
system (derives from the Spanish word maquilar, “to process”). A maquiladora is
an industrial plant that assembles imported components into products for export and
owned by foreign or domestic entities (Wilson 2010). By taking advantage of the
well-qualified and cheap labor most of these business uses as a main competitive
strategy, generating large profits, measuring the efficiency of the management
mainly by cost reduction. The competitiveness and advantages of Mexico as a
destiny for establishing manufacturing business reached its maximum in 2001 when
3700 factories employed more than 1,300,000 employees. According to Contreras
et al. (20006), after this peak, the pressure for finding more efficient solutions and
stronger strategies increases because the global competition is growing mainly from
China and Central American countries. These conditions created, in the first place,
the need for using new strategies, including the use and the experimentation of
different methodologies. And later, to use combinations of tools and best practices
adapted to the reality of the new scenario. Managers in this environment now have
to compete not only in regarding the classical production triad: time, quality, and
costs measurements, but also to compete for giving better service and to reacting
faster than their competitors to the needs of the customers.

In this environment, the managerial efficiency is highlighted and measured by the
capacity to respond to the challenges that the system is offering. Making the “right”
decisions is the main responsibility and for this, the manager has to quickly acquire
and compile a set of tools and techniques that have helped him in the past or
by taking the risk to experience a new set of tools. Some tools are simple and
straightforward, others are complex and sophisticated, but the selection is based on
the well-proven ones as first options. For instance, we can decide to use a simple
control chart or a value stream map (VSM) to decide at the time in a critical meeting.
Preparation and practice are the key factors for gaining experience in this
decision-making process, especially for a restrictive environment like the one
occurring in Latin America (LA). It is necessary to gain such abilities and respond to
the daily challenges by improving the use of advanced tools, increase the experience,
and (with the time) become the experts in obtaining the maximum benefit with the
most useful and fast solution. If we consider that in the LA environment “one
solution is valid only for one set of conditions and, every day a manager faces
dynamic conditions where it is not possible to use plain recipes” and “must have the
most of a set of tools available and have the habit of including the more efficient
ones”. Then, it is possible to be more efficient managers by using more data, more
statistical analysis, and less of speculation in our budgets, projects, and programs.
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Historically, Henry Ford was who promoted the use of mass production, through
the production in assembly lines to drive forward the competitiveness using as a
basis the mass production. However, his contributions go further, was Ford the
promoter of the principle of “keep everything moving” or “keep the flow of pro-
duction” principles (Hopp and Spearman 2011). Everything has to keep moving at a
steady pace and continue without disruptions: raw materials, work in process, and
finished products must keep the same pace. For achieving such goals during the
expansion and bonanza of the twentieth century, large corporations (mostly United
States) focus their efforts on reaching technological innovation, high productivity
rates and the costs reduction, this until the large economic crisis in the 1970s when
it was necessary to find alternatives for achieving the same economic goals and
their stabilization. An alternative was, to change the production processes and to
use strategies for adapting the existing technologies. These conditions asked the
large corporations and strategists to look into the continuous improvement paths.
Schonberger (Schonberger 2008) points out that, since then, the improvement
programs are not on the daily agenda but, when there are problems, and there is a
risk in the financial health, a company looks for the initiatives of continuous
improvement as a potential solution to get out of the risks.

Currently, continuous improvement strategies can be identified in two ways of
thinking and structuring solutions: the path focused on quality and the path of
deliveries on time. The quality path proposes to eliminate the root cause through a
statistical analysis that measures, analyzes, and monitors the root cause of a
problem, and by solving the root cause, generate a chain reaction for eliminating the
problem (Deming 1986). This path has its best representative in the Six-Sigma
methodology (Pande et al. 2000), which include a variety and extent set of tools and
supporting manuals (Rath 2000). Six Sigma is based on a logical sequence known
as DMAIC: Define, Measure, Analyze, Implementation, and Control.

In the other hand, the path for delivery on time is better represented by the
methodology of Lean Manufacturing. Initially designed by Taiishi Onho in 1978
(Onho 1988) is based on the Toyota production system (TPS) but took its actual
structure in the 1990s after Womack et al. (1990) publications. And it is based on
the principles of “just do it” and “keep it simple” which makes the Lean concept a
reactive methodology and an effective solution in critical conditions. Lean manu-
facturing is based on five principles: (1) Specify the added value of a product,
(2) Identify the critical path, (3) Keep the flow, (4) implement a “pull” system, and
(5) seek for perfection (Womack et al. 1990; Womack and Jones 2010). Based on
these principles, the Lean Manufacturing uses tools to identify and eliminate waste,
keep the production flow, reducing work times, and reduce costs to the extent that it
is possible.

Recently, there have been proposals for integrating these strategic paths. George
(2002) (George and George 2003; George et al. 2004) first proposed a robust model
known as Lean-Six Sigma approach. This path uses the methodological DMAIC
structure of Six Sigma with an approach to Lean when is necessary to propose some
solutions. To combine them, there are a broad and robust set of tools that are
available in each phase of the methodology. Lean-Six Sigma emphasizes on the
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completion of each phase before starting the next one. Also, it uses a validation
review to ensure that all components of Lean and Six Sigma have been imple-
mented. It is orientated to medium and long-term projects, focusing mainly on the
improvement processes rather than solving short-term problems.

A different approach has been recently reported Alba-Baena and Estrada Orantes
(Alba-Baena et al. 2016; Estrada-Orantes and Alba-Baena 2014), where the
methodology of Lean-Sigma plays a crucial role. Lean-Sigma is based on the strategy
of “do it at the speed of Lean with the depth of Sigma,” includes and uses the same
methodologies, but it is focused on solving situations in the short term. Lean-Sigma as
used by these authors is based on the rapid identification and fast solution to a problem
that is affecting the process to keep the flow of the process. Worth is to mention that
in general, these solutions may not achieve the statistical level of Six Sigma (or
3.4 ppm) but to bring back the process to a stable state and to give a quick respond to
the changes in the process, or to achieve the main goal as projected.

The Latin American restrictive environment has been characterized by restrictions
such as time, economic, and technological limitations. These conditions limits the use
of solutions such as reengineering and other major technological investments. These
restrictive characteristics sets the perfect scenario for the use of fast and efficient
solutions to customer-focused challenges. Managers in LA have proved that in a
restrictive environment it is possible to successfully implement state of the art
methodologies for problem-solving and continuous improvements. Examples in
continuous improvement implementations have been published by several authors
such as from Coy et al. (2016) and Camacho et al. (2016), also in the product design
(Lopez et al. 2016) and Romo et al. (Romo et al. 2016) and optimization method-
ologies (Pérez et al. 2016). Implementations in this restrictive environment have been
reported also for solving problems using Lean-Sigma as a fast response and effective
methodology, applications in the automotive industry (de la Cruz Rodriguez et al.
2016), goods assembly (Garcia et al. 2016), and air conditioning filters assembly
(Sifuentes et al. 2016) have successfully proven its efficiency.

Also Lean-Sigma methodology in the automotive industry has been previously
reported by the authors as an effective problem-solving methodology in highly
restrictive environments. Estrada-Orantes and Alba-Baena (2014), reported that
the Lean-Sigma could be used to propose effective solutions, but also towards the
improvement of the solving process itself. The Lean-Sigma approach, as used by the
authors in their research as a problem-solving oriented methodology, more than an
improvement project-oriented methodology. The efforts, using this approach, are
focused on eliminating a waste or an obstacle to the continuous manufacturing flow,
rather than concentrating on achieving annualized savings. Then is possible to extend
the previous definition. Then, the objective of the Lean-Sigma methodology is to
solve a problem in the shortest time possible, based on five rapid-improvement steps:

1. Identify and measure the problem. What and how big is the problem?

2. Root Cause Analysis. What is the root cause of the problem?

3. Develop Solution Alternatives. Identify the alternative that best solves the
problem.
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4. Verity the Solution. Make sure that the problem is eliminated by the proposed
solution.

5. Control Plan. Make a quick and effective plan so that the problematic condition
does not come back.

As an Example, in Estrada-Orantes and Alba-Baena (2014), the authors’ report
describes a situation where a condition identified as “flash” is occurring in plastic
components coming from an injection molding process. Data from a specific
machine reports that approximately 99% of its production is exhibiting the “flash.”
After applying Lean-Sigma, the results demonstrate that the process moved from a
not stable and non-predictable performance with 99.62% defective to a state of
statistical control, which is stable, and predictable, with an overall performance of
218 ppm, achieving such state in seven days. The same authors reported the use
of Lean-Sigma during the period of ramp-up for an ink cartridge production process
(Alba-Baena et al. 2016). In this case, two families of products were produced on
separate production lines. The high-runner uses an automated process and is
forecasted to reduce its production volumes gradually —12.52%/yr. The other
family is assembled using a manual process and has a promising sales forecast of
+12.53%/yr. The project integrated both family products into the existing auto-
mated process making any necessary adjustments, while keeping the productivity
and quality levels the same. A total of 24 adjustment activities were used for the
assembly, and 18 activities were added for the ink filling processes. The imple-
mentation functionality was measured combining the average productivity rate
(103,490/day) which results slightly higher than the initial and, the quality levels
that were measured below 6600 ppm for both Families, which is an improvement
from the initial values of 7,957 ppm and 37,305 ppm for Families A and B
respectively. Also, the results show that the changeover times reduced from 57 min/
setup to 30 min/setup. Based on the described results, the authors claim that the
Lean-Sigma methodology and its tools helped to achieve the quality and produc-
tivity goals in a short period with a strong statistical foundation.

Moreover, under restrictive conditions, the use of resources and time are critical
and limited. Therefore, the initial stages of the solution process gain even more
importance. The initial diagnosis will help to clarify the alarm values and conditions
(customer complaints, requirement changes, or goals), followed by the alarm
evaluation. A comparison between the alarm values and the product specifications
will help in defining the actions to take. Also, a comparison of the data from the
process at the time of the occurrence and from the actual process will reduce the
possibility of overworking a solution. Such evaluation also helps in determining
the degree of importance and steps to follow towards the solution. It will also give
feedback to the customer or determine the feasibility of a proposal. In the initial
analysis of a problem, it is necessary to determine the response variable that will be
used for measuring the progress and target values for a giving problem. The input
variables and data collection also have to be characterized for preparing the set of
statistical procedures to use. Statistical tools such as control charts and descriptive
statistics will help to understand the process behavior and historical tendencies.
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Data analysis includes the measuring and evaluation of the input variables and its
effect on the response variable. Also, it is necessary to measure the effect of the
relationship between them. These data have to be accompanied by a set of tools.
Therefore, the manager will have the ability to modify the response variable and the
validation process.

The initial diagnosis steps can be summarized as follows:

Clarify and understand the alarm.

Measure and compare the alarm data to the specification and process data.
Identify the response variable(s) to measure (productivity, quality, costs, etc.).
Identify the data type(s) and measure them.

Plot the collected data, while comparing to the specifications of the variable.
Analyze and understand the measured variations and tendencies.

Measure and track the effect of the changes in the response variables.
Identify the relationship between the response variable(s) and the input vari-
ables and those from the process.

Find the set of tools for modifying the process and the response variables’
levels.

10. Determine the target values and validation methods.

PN BB

b

As mentioned before and summarizing, Lean-Sigma methodology embraces the
rapid-improvement approach of Lean Manufacturing and the deep statistical analysis
of Six Sigma. Additionally, Lean-Sigma may incorporate any needed tool from other
methodologies, such as Design for Six Sigma (DFSS) and still maintain the fast
solving pace, and the high statistical accuracy. This chapter presents a case study
where the Lean-Sigma methodology is used to achieve a fast solution to a cosmetic
quality problem occurring in the manufacturing process of exterior-home products
located in Juarez, Mexico. The solution also includes the design of a qualitative
measuring device, which was used for determining the acceptance parameter levels
at the incoming inspection station, and later as a quality control device.

2 Case Study

2.1 Context of the Case

The case describes a productivity problem in the final assembly process of outdoor
light fixtures at the Juarez (Mexico) facility. The company, for strategical reasons,
decided to have the final assembly process in the Juarez facility, while the fabrication
process of the components was assigned to several Asian facilities and different
vendors overseas. The final assembly process started to experience color variations
in the incoming components, and some customers filled several quality complaints.

One year after the startup, the customer service area recorded several customers’
complains, mainly about variation in the color tone and several quality issues such
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as stains, discolorations, broken, and malfunctioning products. Most of the com-
plaints involved a part known as the chassis. This component is fabricated using a
polymer, copper or brass material. 90% of the production uses the brass chassis.
Brass components are colored by using a chemical process, called Patina. Coloring
using the Patina process is susceptible to the chemical composition of the reactants
to their concentrations, exposure time, and the neutralization process. The vari-
ability of the Patina process and the mentioned factors added to the customer
complaints makes the brass products the target of this project.

The inspection of an incoming container shows that approximately 50% of the
received chassis lots are acceptable according to the quality standards used for this
purpose. Also, this data shows that the three main reasons for rejecting the chassis
components are pieces with different tones, or discolored or stained. Figure 1b
shows an example of a nominal colored chassis. Figure 1a shows the representative
samples of a clear piece and Fig. 1c a dark piece.

2.2 Initial Statement

This case presents a common scenario faced by producers when combining dif-
ferent vendors located around the world. At arrival, the components are inspected
for quality purposes using an AQL process at the incoming inspection area. For
some of these components, the patinated chassis fixture is inspected for dimensions
and visually for color. The levels of scrap observed on this component are around
30 to 50% of the received fixture-lots. Figure 2 shows details of the common
defects found in the initial inspection, which includes cosmetic defects such as

Fig. 1 Brass chassis tones a light, b nominal, and ¢ dark pieces
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Fig. 2 Rejected samples at the incoming inspection station: a, b stained sample; ¢, d discolored
areas and e, f different colorations

staining spots (Figs. 2a, b), non-patinated areas in pieces (discolored in Figs. 2c, d),
and components with different coloring tones (Figs. 2e, f).

Figure 3a shows the results of a selected container at the incoming inspection
area. The acceptable components represent around 47% of the container, the
components showing patina process defects are ranging around 38% (see the dif-
ferent tones and discolored bars at Fig. 3a), and stained components are about 12%
and incomplete fixtures or other quality related issues account for the rest of the
components. On the other hand, data from the quality control station of the
assembly process recorded during a full year shows that approximately 20% of the
product has some defects. 77% of the defective products are classified as stained
(see Fig. 3b), 10% of them are incomplete products, 7% are the functionally
defective ones (electrical, mechanical, etc.), and the rest is scrap parts related to
non-repairable products (physical damages, broken lenses, etc.). Regarding the
defective components, it was found at the incoming inspection area, that the vendor
(located overseas) has responded with a temporary containment-action plan that
includes the increment of lot sizes and the number of shipments. Additionally, he is
absorbing the inspection, replacement, and management costs.
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(a) Defective Fixtures (selected container) (b) Defective Fixtures (one year period)

S0 e 1% B5%

- IRTEL
- anantet? 95%

Fig. 3 Defective-fixtures Pareto charts from a A specific container at the incoming inspection
station, and b the collected by the inspection station at the assembly line

2.3 Problem Description

Figure 4 shows a Suppliers, Inputs, Process, Outputs, Customers or SIPOC diagram
representing the assembly process at the Juarez facility. For confidentiality, the
Suppliers and customers’ names from the original diagram were changed for
generic ones. However, the playing roles are identified. In the “Inputs” column, the
diagram shows only the six components needed for the assembly of the described
product. The “customers” are classified by size (retail, wholesale, and special
orders) and type (internal or external).

For simplification, in this document, the assembly process is represented with
five general stages (see Fig. 4): chassis assembly, wiring, optical assembly,
inspection, and packaging. In the chassis assembly step, the chassis is prepared and
inspected the mechanical functionality of the components, then, are assembled. The
assembled components are then placed in a holding fixture that is transported to the
wiring station, where the wiring and soldering are performed. The lens, O-rings and
light bulb (or LEDs, depending on the model) are assembled to the chassis, then the
product is tested for electrical safety. A final visual inspection and functionality test

Suppliers Inputs Processes Qutputs Customers
Internal Lens Subassemblies Internal
Local Cables lamps Wholesale
Overseas  Bolts & nuts Sets Retail
Utilities Chassis Containers Other
O-ring's Special orders
Larnps ‘ Chassis Wiring Optical Inspection | | Packaging
Assembly Assembly

Fig. 4 Graphical representation of the SIPOC and the outdoor lighting assembly process steps
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(electrical and mechanical testing) are performed at the inspection station. The
product is finally moved to the packaging area where the operator performs a final
visual inspection of the product while he packs according to the customer
specifications.

2.4 Methodology

The Lean-Sigma approach used by the authors in this research, as explained earlier,
is based on five rapid-improvement steps (depicted in Fig. 5): identify and measure
the problem, perform the root cause analysis, develop a solution, verify the solution,
and make a control plan. Also in the solution stage, DFSS steps are shown as used
for this case. For the design of the solution, first, the key considerations for having
the design specifications are based in the voice of the costumer (VoC) that in this
case combines the final customer requirements and the quality control user’s needs.

Define the Alarm

Define the problem

Materials and
programming
S —

Evaluate alternatives

Adjust the process Prototypes and

validations

\ J

's — sl e '|
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Fig. 5 The methodology used for solving the problem presented in this case study
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The specifications for designing the color testing device are based in the Quality
Function Deployment (QFD) technique. The QFD is used for defining the con-
ceptual and functional designs and for refining and defining the product specifi-
cations. In this case, the QFD data was used for listing the specifications for the
color testing device. A series of simulations and some partial prototypes were
developed with the purpose to validate the final design in the next step of the
Lean-sigma sequence.

2.5 Results

The methodology presented in Fig. 5 is useful to dealing with the problem
requirements and finding a solution as shown in the next points which describes
the most relevant results.

2.5.1 Step One. Identify and Measure the Problem

The step one is a careful inspection of the incoming chassis components, but it is
conducted very quickly. The collected data are useful to identify the problem as a
color variation of the brass chassis component reaching the customer site.
Using initial measuring methodology, it is determined that 38% of the parts have
color variation issues.

2.5.2 Step 2. Root Cause Analysis

Step number two is conducted using a brainstorm session. After considering a large
list of ideas, the causes were reduced to two, namely:

1. Color variation at the customer site caused by the inability to effectively
separate the parts in ranges of color intensity. This cause was directly related to the
current visual measuring system used.

2. Color variation caused by the patina process at the supplier facility.

2.5.3 Step 3. Develop a solution

The first solution was directed towards the measuring system inside the manufac-
turing facility. A proposed solution was to design a measuring device with the
ability to quantify any color deviation from the customer specified color. Six DFSS
tools are used to design the device, as depicted in Fig. 5, and is described as follow:
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Step 3.1 Voice of the Customer (VoC)

The customer is using the outdoor-light product in batches of six and more parts.
The customer is expecting to have a standardized color pattern for all of the parts in
a batch, and stay like that for the warranted life of the product. Additionally, if it is
needed to replace a component at a later date, the customer expects to have a
chassis with the same color as the installed ones.

On the other hand, the user of the measuring system identifies the following
characteristics as requirements for the device: The device must show the data to the
user (inspection); it has the capability to connect and transfer data to a com-
puter and data center; it has to control the tested component and the surrounding
illumination; it must be heavy duty and reliable for long therm use; it must have
quick response and reading signals; it must use a quick testing procedure; and it
must be easy to operate.

Step 3.2 Conceptual and functional design

The purpose of these two steps is to have the design specifications that will be used
as guidelines for having the product requirements, in this case, the testing device
characteristics. The goal of the conceptual design is to determine the features
and characteristics as the customer envisions them. First, make a list and rank the
characteristics according to the customer’s appreciation and his determined impor-
tance, and give a weight for each of the listed characteristics. Then, a conceptual
drawing and integration are presented to the customers for review. After the con-
ceptual design step is concluded, the functional design requires the team to define the
engineering parameters and to define the tolerances of each of the measured
parameter. The main parameter is that the device has to measure the color of the
piece. To accomplish this purpose, three components of the color have to be sensed
or measured: hue, saturation, and brightness. Such data has to be used for defining
the color identification (based on a predefined code). Data are also useful for identify
and discriminate the acceptable, light, from the dark pieces. Also, in the functional
design step, it is necessary to define the working conditions for the device to per-
form with robustness. Here, and for an accurate measurement of the color of the
piece, the signal reaching the measuring device has to become as clean as possible.
Then, other sources of color must be reduced or eliminated. The device also must
have robust components for the working load at the factory and flexible to be
integrated into the production process in their current state or with minor modifi-
cations. Last, in this step it is important to analyze the relationship among the
different functions for establishing restrictions and functional requirements.
Finally, a QFD diagram (quality function deployment) is used to merge and use
the gathered information, and to rank the main product characteristics as given by
the customers. Also, the information considers to enlist and rank the engineering
functions of the color measurement device. The ranges, units, and values also have
been determined, then, the requirements and relationships are used for defining the
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Fig. 6 QFD or the design of the color measuring equipment to determine chassis coloration

product design specifications or engineering requirements. The resultant values
and considerations are seen in the bottom of Fig. 6 where is possible to see the
product design specifications and requirements for designing the Color Measuring
Equipment (CME). Along with this exercise, the team benchmarks the market for
the available devices (not shown in Fig. 6) for making a feasibility study and
determine the more efficient components as used.

Step 3.3 Evaluation of Alternatives

The goal of this evaluation is to determine the more suitable components and
materials for the defined specifications. For this task, there are several decision
tools, such as the CES EduPack® that helps in choosing the materials (see Ashby
2008), also for the selection the mechanical and physical characteristics, CO2
profiles, and the costs among others parameters. Also for this step, other weighing
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tools are possible to use the data from the buying system at the company or to use
the advice from the suppliers and consultants for making the selection. From such
evaluation, a list of materials and components is generated including the pro-
gramming software and information technologies to be used.

Step 3.4 Simulations

The goal of this simulation step is to design and integrate the components of
the device. A CAD software is used for making scaled to real size drawings of the
components and pieces as designed and shown in Fig. 7b. Some features of the
software helped in the simulated assembly and functionality of the device.
Mechanical characteristics and other properties can be simulated using several
available software options, which allow to make adjustments and to prepare the
drawings for manufacturing the final pieces. In this case, the software SolidWorks®
was successfully used for such tasks. For the electronics and programming, there are
also several options, but the idea is similar, to integrate the electronic components
and to program the features and interfaces of the components and to the final user. In
this case, the programming was based on an Arduino® platform (see Fig. 7a).

Step 3.5 Materials and programming

Once the components, pieces, electronics, and programs are simulated, the next step
is to acquire and integrate partial prototypes for a physical evaluation. The
advantage of having partial prototypes is that is possible to make corrections and
adjustments for a specific function or program without compromise the rest of the
functions of the final prototype. After testing the different functions and prototypes,
it is possible to move to the next step.

a) onsof b
( ) button P ettt e ltberter ' ( )
( ™ Sensors Converter | 1
(= :
]
'
gl el bl e e Brightest
User interface detectoy
Frequency
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J
|:U5 Electronic Product
Server Arduino UNO control and interface allocation

Fig. 7 a Scheme of the device’s system and b Prototype for detecting the color components of the
receiving product at the incoming inspection station
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Step 3.6 a Prototype description

The final prototype integrates all the functions, and the challenge in this step, is to
make them work together. Figure 7 shows the integration of the color measuring
device; Fig. 7a shows the basic schema of the integration. The functionality of the
prototype is described as follow: the prototype is based on a series of sensors that
measures frequency for the hue component of the color readings. A lux-meter is
used for measuring the brightest and saturation color components and, finally, a
micro-controller board (Arduino UNO) is used to calculate and record the data.
Later, with the recorded, the data is displaying using a portable touch screen where
the user can interact with the system using the same screen. In the prototype, the
sensors are located in an enclosed chamber that insulates the system from external
light (see Fig. 7b). The prototype includes a fixture for holding and moves the
component; the device is also connected to an external monitor (not included in the
Figure) as a visual interface to the user.

The operation and use of the device shown in Fig. 7 is described as follows: in
the dark chamber, after placing a chassis for evaluation, the white light is received
by the sensors. Then, the detected readings and data variations of the RGB-W
colors (Red, Green, Blue, and White) are converted to colorimetric values: hue (in
degrees), saturation (in percentage), and brightness (in percentage). The color is
identified and the data is stored, and used for statistics then displayed to the user.
Then, the station opens the chamber for exchanging the chassis for the next
inspection. The next step in the solution process is to consider the vendors and
customers for determining the characteristics of the chassis color in the final
product. The required color is agreed with the customers and vendors to be defined
as antique brass color that is determined by a selection of masterpieces that serves
as reference for a qualitative classification. Thus, along with the nominal master-
pieces, the team agreed to classify the “clear” pieces to be lighter than the nominal
antique brass and the “dark” pieces to be darker than the nominal ones.

Step 3.6 b Prototype validation

Gage Repeatability & Reproducibility (Gage R&R) studies were used during the
calibration and validation process. Three factors were identified as the main source
of variation: Geometry of the piece to measure, the use of a trigger button attached
to the prototype, and a combination of coding pins for transmitting the collected
data to the Arduino. For the calibration, the team used 100 selected masterpieces
matching the antique brass color as defined and described previously. The mea-
suring process required at least six recordings for each piece and position. After
several interactions the changes in the fixtures and adjustments in the sensors’
position, the variation was measured in less than 10% for each of the color variables
(8.67% as seen in the example for the hue in Fig. 8), which was considered as
acceptable for these prototypes. After the calibration process, the team approved the
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Fig. 8 Gage R&R study for the Hue during the calibration process

prototype for its integration and replication for the final inspection stations as they
were adapted to the inspection operation in the production process.

2.6 Step 4. Verify Solution

After the calibration of the prototypes and by measuring the nominal masterpieces,
a nominal value of 272.5 Hz was presented as the target for the Hue component,
with 8.35% and 32% for the saturation and brightness, respectively. Also, the data
from the accepted pieces (labeled as nominal) or acceptable were used for estab-
lishing the range and limit values for determining saturation, brightness, and hue
and analyze the capability of the process. For achieving this purpose, the collected
data in Fig. 9 shows that it is possible to use the given groups and limits for
differentiating the colored pieces and their groups. Then, the next step is to measure
the possibility of having a piece in an in-between zone.

The central group has a mean of 275 Hz for the Hue values, which is close to the
targeted (272.5 Hz) but is also close to the darker ones which mean is far as
~7 Hz. But seems to be different enough from the light-colored pieces which mean
shows a difference of ~ 15 Hz. Figures 9b and c shows the values and basic
statistics for the saturation (Fig. 9b) and brightness (see Fig. 9c). The normal pieces
show saturation values with a mean of ~ 8%, with a variation close to 1% value
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Fig. 9 Masterpieces data used for determining the coloring components and ranges of variation:
a Saturation, b Brightness and ¢ Hue data

difference between group means. Here, the dark pieces group seems to be well
defined by the other two groups while the light and normal groups may have an
overlapping at the extreme points. The nominal (or normal) percentage values for
the brightness shown to be around 31.7% (see Fig. 9c). Here, the data is overlap-
ping, the clear and acceptable groups’ data shown to be part of the same population,
overlapping and interacting with the dark pieces data. For determining the degree of
overlapping and variation of the color components in each of the groups the team
used an ANOVA. Using the shown data and understanding the behavior of the
color components variation, the team decided to establish the nominal limits and
present the initial standardized values. For the hue values, the nominal frequency
was determined in 272.5 Hz with a tolerance of =10 Hz. The saturation limits were
delimitated between 6.97 and 9.71%, and the brightness between 31.74 and
32.26%. Then, the limits and range values for the color components were added to
the programming of the controller program of the CME for labeling and identifying
the color of the chassis in testing. The screen image shown in Fig. 10a exemplifies
the user interface screen and the readings where the values for each component of
the color are displayed to the user. The same Fig. 10a shows the suggested iden-
tification for one testing piece, where is displayed the choosing from one of the
three color groups. Also, the screen shows the options for saving the data to the
database or for deleting the displayed results.

After the calibration and establishing the limits, the team exercises ANOVA in
the three coloring components’ data (Hue, Saturation, and Brightness). This data is
used for calculating the confidence level in differentiating the nominal groups
and pieces. Figures 10b and d shows the boxplots accompanying the ANOVA
results: Fig. 10b shows the boxplots for the Hue data, where are compared the light
and dark masterpieces data. From the ANOVA results is possible to establish a
statistical difference to the nominal color data with a confidence level of 98.95%.
Comparable results are shown for the saturation factor, as seen in Fig. 10c. Here it
is possible to differentiate the saturation values from the masterpiece groups and
could be used for identifying the group where a chassis belongs. For this data the
confidence level in detecting statistical differences among the masterpiece groups is
calculated in 96.72%. However, in the case of the data plotted from the brightness
groups (Fig. 10d), data shows similar distribution values for the clear and nominal
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Fig. 10 a screen that serves as the interface with the user and boxplots after the variance testing
for the selected masterpieces b Hue, ¢ Saturation and d Brightness

groups and values separated from the dark pieces’ box. The confidence level for
using the brightness as a color identifier factor has been calculated in 56.05%,
which is expected and acceptable due to the polishing process is the same for all the
pieces. Nevertheless, the team has determined that in the decision process and for
classifying a piece to be nominal or not, the brightness is less critical and will be
considered as a reference value. Then the brightness is a parameter to consider for
identifying a difference in the color and quality of an incoming chassis.

Figure 11 shows the initial capability analysis (as seen in Fig. 11a), at the
incoming inspection station for each of the measured variables. Hue data shows that
the received lots have an average of 50% of conformant materials, 47.5% are dark
colored materials, and light pieces represents 7.5% of the samples. In consequence,
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Fig. 11 Initial process capability analysis (Cpk) using the calibrated equipment for data of each of
the color components a Hue, b saturation and c¢ brightness from a selected batch
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the process capability (Cpk) calculated for this study is in 0.04, and the out-layer
proportions are expected to be 11.3% below the lower limit. The dark pieces are
expected to be 46.9% and the pieces in the nominal range in of 58.2% of the
received materials. For the saturation data shown in Fig. 11b, the results gives a
calculated Cpk of 0.27 with 28% of the sample materials out of the nominal values
mainly at the lower side expecting for the population a total of 32.5%. However,
from the study, there is expected to have a 27.8% of the received chassis to have
lower saturation percentages and 0.2% pieces with over saturation. In the same way,
the brightness Cpk is calculated in 0.25, and the nominal brightness accounts for
56.2%. Data show to be centered with a slight tendency (24.4%) to be brighter than
the nominal (see Fig. 11c). but the calculated percentages out limiting data is
expected to be 23.1% and 25% at the opaque and over bright sides respectively.

2.7 Step 5. Control Plan

Changes in the process have been proposed for including the findings of this
research. The received chassis lots are now inspected and separated into three
groups: Light, Nominal and Dark colored. After, for the non-comforming com-
ponents a reworking process starts with a sandblasting step. This is followed by a
second Patina chemical processing which is described as follow: The prepared
mixture (described above) is heated to 95 °C, the cleaned pieces are then hanged
for 1 h, while the mixture is stirred every 5 min. After, a visual inspection and a
wax polishing finish the reworking step is ended. Without considering data of the
reworked pieces, the efficiency in the use of the color testing device is moni-
tored and a learning curve is plotted. Once the users of the CME in the production
area reaches an 85% efficiency in their learning curve in the use of the testing
device, the team collects data samples of the receiving lots. Then, for consider that
the Lean-Sigma process is completed, the team uses this data for comparing to the
initial receiving data (at the time of starting this project). The comparison of
the conditions of the chassis batches and their color distribution, the behavior of the
mean, and the variance values for the hue are shown in Fig. 12. For the comparison
to the actual process, Fig. 12 shows the two-sample test results (Fig. 12a) and a
representative boxplot graphs with the established USL and LSL limits marked for
reference (Fig. 12b). The test (p-value == 0.00) shows that there is a significant
difference between the initial mean and the actual (final) data. The boxplot shows
that the initial data has a median and mean closer to the USL, while the same
reference points for the after-filtering data are close each other with the tendency to
the LSL.

With the limits and controlled process, the use of I-MR chart is proposed for
monitoring the process. The I-MR chart in Fig. 13 plots the individual color
observations and moving ranges for the initial and after the implementation of the
solution. As seen in the Figure, the initial data shows a clear dispersion of the
chassis’ color data, observing that most of them are out of the specified limits.
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Fig. 12 a Two-sample T test results for the initial recorded Hue values vs. data after using the
color testing device and b the corresponding boxplot comparison

However, the data after implementation of the solution shows a controlled color
data means and moving ranges as seen at the right part of the chart in Fig. 13. The
control acquired by using the color testing device is observed in the boxplot
comparison in Fig. 14a. The quartiles showed to be more equilibrated as compared
to the initial data plot. In the same Figure, the comparison shows that the median for
the hue values is closer to the targeted value in the after implementation data.
Also, for determine and compare the capability of the actual process data to the
initial capability, Fig. 14b shows the capability analysis and comparisons. From
this Figure (14b) it can be noticed that the Cpk moved from a 0.036 to 0.65, this
value is low as compared to the conventionally acceptable Cpk (1.33). However,
the use of the color testing device helped in moving the outcome of the nominal
colored pieces from 50 to 97.24% and provides the initial value for the next steps in
the continuous improvement process.
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Fig. 13 [-MR chart is showing for comparison the initial and data after implementation of the
inspection for the Hue color component
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Finally, the next step in this project is to analyze and adjust and optimize the
Patina formula and its process to achieve a reduced variation and more controlled
color values (target) as established by the design specifications. Followed by the
analysis of the cleaning process after the Patina processing, for reducing the stains
and cosmetic marks in the final product.

3 Conclusions

The case presents the solution procedure in a final assembly facility located in Juarez,
Mexico, with the described characteristics of a LA restrictive conditions. These
solution efforts are focused in the component “chassis” which is the main component
of an outdoor lighting fixture. The problem was detected from a customer’s complaint
and is described as a difference in color between the received products and the later
replacing fixtures. As a containment plan, the components received from an overseas
supplier are subject to a 100% incoming inspection. For finding a solution, the team
decided to combine Lean-Sigma methodology and DFSS tools for designing and
implementing the use of a color testing device in the incoming and final inspection
stations. The inspection apparatus was designed and validated by the team using the
qualitative inspection data for determining a standardized target and limit values for
the color components. As result, the qualitative color-tone inspection, based on a
visual separation of the chassis is substituted by a quantitative inspection process
using the designed measuring device. The measuring is based in the three color
components (hue, saturation, and brightness) and are used for determining the color
values. The obtained readings are later compare to the ranges calculated and deter-
mined for accepting the incoming chassis. After implementation, the process capa-
bility moves the outcome from a 50% probability of sending to the customer
mismatching colored products to a 97.2% probability of sending chassis and products
colored in the acceptable color range.
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These results are included in the continuous improvement process in the facil-
ities and at the time of this report, a mixture design was proposed for correcting and
adjusting the patina process. The results of the mixture design will be useful for
controlling the chemical coloring during the reworking procedure. Also, it is pro-
posed to make changes in the cleaning and neutralizing process and reduce with
this the second important problem cause (stained chassis). Finally, as a secondary
result of this project, the administration of this company ventures in the use of other
coloring tones’ for the same product, expecting to increase the business outcome by
offering options during the bidding for similar products by diversifying their offers
to the market.

4 Final Remarks

Managers in a restrictive environment have the challenge to solve problems at
hi-speed but with limited resources. For such conditions, experts have developed
tools and methods which combine different elements of efficient methodologies.
Such is the case of Lean-Sigma approach that has been proven to be one an efficient
way to solve problems under these conditions. The case study shows that it is
possible to use Lean-Sigma in combination with other methodologies such as
DEFSS, for problem-solving under the mentioned conditions by taking advantage of
the fast response of Lean while having the deep statistical analysis of Six-Sigma. In
this case, the use of Lean-Sigma with Design for Six Sigma boost the solution
process and complement the improvement, and corrective actions as the process
move from 50% defective to ~2% at the end of this report.
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Abstract This chapter presents the challenges in the start-up of companies in
Mexico, considering as the primary requirement that these companies apply inno-
vative technologies in their processes, and these are willing to participate in the
Technology Transfer Process (TTP). First, it analyzed the importance of Higher
Education Institutions (HEIs) and Research Centers (RCs) as support agencies for
the creation of new hi-tech companies. Also, the programs with public funds
are listed in response to the need for technical and scientific support in the
TTP. Considering this scenario, for the particular case study in Baja California, the
dimensions of the participatory Medical Devices Cluster (MDC) and their expec-
tations of growth were identified, followed by the definition of the needs and the
challenges for TTP.

1 Introduction

According to Oxford Business Group (2017), Mexico is the leading exporter of
medical devices in Latin America and is the leading supplier of these products to
the United States. Baja California shows an advanced industrial cluster, organized
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by conglomerates where the manufacture of medical products stands out at a
national level for its economic importance, accounting for 79 companies by 2015.
In this context and due to the characteristics of the sector, it is necessary to create
Technology-Based Companies (TBC). The technological transfer is understood
from two aspects, one is the transfer between companies, and the second the
transfer between the generators of knowledge (universities) toward the companies.
The Mexican standard of terminology in the management of technology
NMX-GT-001-IMNC-2007 published by the Diario Oficial de la Federacion
defines the transfer of technology as: “the process by which the transfer or licensing
of rights is negotiated on intellectual capital. Understanding by intellectual capital,
the intangible goods product of the human intellect, which constitutes the sum of all
knowledge of an organization.”

The case study includes technology transfer from (a) business to business, from
Canada to Mexico; and (b) from university to company, the Autonomous
University of Baja California (AUBC) and the company Avantti Medi Clear
(AMC) participated. It is interesting to note that as a result of the documentary
research and analysis of the context, it was identified as a crucial need: to have
plants with the technological capacity to provide medical device sterilization ser-
vices. This service was offered only abroad, with implications of time and money
for logistics. When considering the technical and economic feasibility of setting up
a company in the region, it was estimated that logistics costs derived from the
sterilization process could be reduced by up to 40% to producers of medical devices
using the services locally.

There is a lack of flexibility for the transfer of technology, summarized in
obstacles for a normative and industrial culture. The research centers go at a pace
and companies go at another, the government’s response is to generate incentive
programs for innovation. According to CONACYT (2014), the Impulse to
Innovation Program (IIP) financed with public resources proposes three participa-
tion modalities:

e INNOVAPYME: exclusively dedicated to projects whose proponent is a com-
pany with 100 or fewer employees. It can be individual or linked with HEI or
RC.

e INNOVATEC: exclusively dedicated to projects whose proponent is a com-
pany with more than 100 employees. It can be individual or linked.

e PROINNOVA: dedicated exclusively to projects presented in link with at least
two HEIs or two RCs or one of each.

It can be concluded that in Mexico, efforts have been made to increase the
creation of companies based on technology. However, these are considered insuf-
ficient from the economic perspective, and it is destined less than 1% of the Gross
Domestic Product (GDP) to innovation (Solis 2016). From a strategic standpoint, it
is mandatory to define what needs are in the world and what we are going to
specialize.
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This chapter presents the challenges to innovate in the manufacturing sector of
medical devices, which is characterized by the need for creation of TBC. The
applied methodology appears in Sect. 2, and it consists of four steps: (1) work
starting, (2) preparation for the project, (3) realization of the project, and (4) setting
up the study. Section 3 presents the Mexican context related to TBC, the challenges
in their start-up, the financial programs to strengthen of the TTP, and the role of the
HEI and the RC in this field. Sections 4-6 analyze the case study, the learned
lessons, and finally, the conclusions, respectively.

2 Methodology

According to the methodology proposed by Scott and Ramil (2014), the develop-
ment of a case study is a useful research model to gather information in real-life
contexts. Case studies, when carefully designed, can contribute to significant
changes in different scenarios. Therefore, this study was performed under this
approach, which includes the steps described below.

Step 1: Work starting

First, it is necessary to define the objectives of the study to select the cases and the
team working in the research. Among the inclusion criteria are: the selected case
study is a new technology-based company with at least one project linked to an HEI
and financed with public funds. It is also important that the company agrees to
spread its gained experience about the technology transfer process.

Step 2 Preparation for the project

Second, it is required to perform a document review to identify the key issues,
establish relationships with strategic contacts, identify consultants in the field to
support the research, and the preparation of the project methodology including the
scheduling.

Step 3 Realization of the project

Third, put the process into context. It must obtain a systematic overview to
determine the scope, focus, and use of the process; work with local contacts or
consultants and record information and hold a stakeholder workshop.

Step 4 Setting up the study
Set criteria and determine outcomes that will be used to assess the process and its
results.

This methodology is applied in a company with the characteristic of being
located on the northern border of Mexico; then, it is necessary to know the par-
ticularities of the environment concerning TBC. The next section analyzed the
challenges to creating a TBC in the international, national, and regional level. Then,
it identified the national programs to support technology transfer and innovation.
Finally, it reviewed the importance of HEI and RC in the creation of new
technology-based companies.
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3 Technology-Based Companies: The Mexican Context

In the last 40 years, the Mexican industrial sector in the Northern Border Region
(NBR) has excelled due to its strategic geographical location with the United States,
which has a large number of companies located in the country. Another advantage
is the abundant and skilled labor, as well as personnel trained at technical and
engineering level. Then, the number of companies carrying out high-technology
activities has increased, and not only manual and semiautomatic assembly opera-
tions. The industry has been specializing, and growth projections are positive.
Therefore, the Mexican context for the materialization of projects in which they are
involved is identified in detail: private investment, public funds, and universities.

3.1 Challenges to Create Technology-Based Companies
at the International, National, and Local Level

Today, in the world population, there is a rising ecological awareness demanding
more and better products that are friendly to the environment. Young people are
looking for new and varied technology, as well as consumers who want to be better
informed. Hence, there are the right context, opportunities, and challenges to create
and develop new products to meet this demand. Therefore, it is necessary to
strengthen the innovative capacity to enter credible international markets.

The creation of technology-based companies requires a process of technological
innovation that can originate new products, processes, and methods of organization
and marketing. When substantial changes occur as a result of improvement, these
transformations are classified as incremental innovation (small changes or perfec-
tions in products and processes) and radical innovation (application of technologies
that generate emerging sectors). In fact, these are the upper and lower limits in the
classification; however, there are many other classes in the middle (OECD 2005).
Whatever the case, the success or failure to implement new technologies depends
on variables such as economic, attitudinal, educational, cultural, organizational,
competitiveness, infrastructure, and government policies (Leal 2012).

According to Rojas-Pescio and Roa-Petrasic (2016), technology-based compa-
nies must have the following characteristics: innovative products and services,
based on technologies and scientific knowledge, with intensive R&O (Research &
Operations) activities, with high and advanced specialization of their workers.
Other characteristics of technology-based companies emphasize the rapid intro-
duction of changes in product and process design, flexibility and specialization of
equipment, greater technological dynamism, easy adaptation of production to
demand, and finally, an organizational scheme that facilitates the integration of their
processes (Elorz 2003).
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It should be noted that the creation of a technology-based company is not easy. It
is necessary to obtain information about several features, for instance: (1) to know
the profile of the entrepreneur and (2) to know with certainty what are their business
opportunities in the market. This information facilitates the management and
development of the project to identify the type of technology that is most appro-
priate to develop. (3) The entrepreneur should have the capacity and professional
experience to evaluate potential opportunities with common sense, judicious, and
above all, an entrepreneurial team spirit.

Challenges at the international level: According to Jiménez (2016), research
centers play a valuable role in the generation of innovation in industrialized
countries, where the university—company relationship is functional since universi-
ties have the technological infrastructure to create and develop new products,
favoring new enterprises with a solid structure for impelling innovation.
Unfortunately, in Latin America, the situation is different because the link between
the universities and the industry is an opportunity area. SMEs do not hire advanced
human capital, and their infrastructure is not capable of implementing activities
focused on innovation. Table 1 presents the characteristics of the developed
countries compared to the countries of Latin America.

Developed countries are distinguished by their innovation systems, which, in
coordination with the growth of their companies’ internal capacities, have achieved
improvement processes that allow them to remain at the forefront of technological
and innovation developments. Among the most relevant characteristics of innova-
tion are the labor flexibility, a high industrial specialization, research internation-
alization, a sophisticated and low-risk venture capital, a technological and
innovation orientation, the concentration on the management of industrial pro-
duction in R&D (Research & Development), etc.

Table 1 Characteristics of innovation between developed and Latin American countries Elorz
(2003)

Developed countries

Latin America

Workforce flexibility

There are low rates of participation and training
of human resources

High industrial specialization

Innovations are generally at the adaptive and
incremental level

University—enterprise relationship is
functional since universities have the
technological infrastructure to create and
develop new products

The HEI is disconnected from the industry and
does not have the infrastructure to create
activities focused on innovation

High growth of internal capabilities in their
companies

Poor growth in internal capabilities

Technological and innovation orientation

Technological development is sometimes
individual and isolated limiting its
competitiveness

Concentration in the management of
industrial production in R&D

They cannot strengthen their R&D systems
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In contrast, Latin America and other countries have not yet consolidated their
R&D systems, in relation with industrialized countries. Innovations are generally at
the adaptive and incremental level. At the entrepreneurial level, technological
development is sometimes individual and isolated, limiting its competitiveness.
There are few cooperation networks among the same companies, as well as low
participation rates and human resource formation (Morales et al. 2012).

Challenges at the national level, Mexico’s outlook: A study performed by Pérez
Hernandez et al. (2017) used the technique of multivariate cluster analysis on the
evolution of technological capacity in Mexico. Authors found that there are dif-
ferent levels of scientific capabilities related to the ability of absorption, innovation,
and infrastructure, where the gap between the Mexico’s states is broadly concen-
trated mainly in the Mexico City, Nuevo Leon, Queretaro, Jalisco, and Estado de
Mexico.

In 2003, CONACYT launched the AVANCE program for the creation and
expansion of new companies based on the exploitation of scientific or technological
developments. The program has favored the interest of investors in different areas:
(a) technological innovation projects with a portfolio of implemented support
schemes, (b) national patents, (c) technology transfer offices, (d) business school
program, (e) strategic alliances, and (f) innovation networks for competitiveness
and seed capital fund. Unfortunately, the resources of the AVANCE program are
limited, and the higher number of projects that it supports directs to projects that are
in the last stages of its development, displacing the new firms that are usually
excluded (Malkin 2012).

The Ministry of Economy has established different programs and instruments of
support for the creation of new companies based on technologies that seek their
development or consolidation of the market (Malkin 2012). Although these pro-
grams are attractive because it is a means for interested companies to access public
resources to introduce innovation processes, there are still shortcomings, since
resources are limited and lack of coordination among government agencies to create
mechanisms to facilitate the support to the companies in the different stages of the
innovation process.

Regional challenges in Baja California: The Baja California Research, Innovation
and Technological Development System, was created with the purpose of grouping
higher education institutions, research centers, and business clusters. These orga-
nizations have a common objective: they are capable of strengthening and
enhancing the training of high-level human resources level in projects of scientific
research, innovation, and technological development. Among the sectors that have
been formed are aerospace, information technologies, automotive, electronics,
hospital medical, medical products, and logistics. The challenge for these groups is
not only to develop the expansion of technological knowledge. They must deal with
a lack of sensitivity for identifying the customer’s needs, translating the adequate
supply into a weakness in achieving innovative products. There are organizational
and market-related obstacles that prevent effective coordination between the
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Table 2 Areas and specialization niches for the State innovation agenda in Baja California

Aerospace Advanced Information and communication
manufacturing technologies

Supplier Medical devices Medical devices

certification

Advanced materials Automotive Medical devices, aerospace

different phases of the production process in the value chain (Special Program on
Science, Technology and Innovation 2015-2019).

The innovation agenda for Baja California promotes a greater private sector
investment in technological development and innovation. The objective is to
improve the characterization of strategic infrastructures, as well as the promotion of
programs focused on the development and growth of specialized talent.

The innovation agenda aims to create the conditions to create a synergy between
sectors and regions as shown in Table 2. Areas of specialization were selected to
carry out such strategies as food agroindustry, advanced manufacturing (mainly for
the automotive and medical devices industry), aerospace, biotechnology, and
alternative energy (Special Program for Science, Technology and Innovation 2015—
2019).

3.2 National Programs to Support Technology Transfer
and Innovation

The importance of increasing the level of participation of companies in techno-
logical innovation projects is continually discussed, but who is responsible for
having a culture of innovation and technology transfer? Although the government
has an important role in promoting innovation through policies, regulatory
exemptions, and special programs, among other initiatives, but are not the only
actor (Lopez 2008). Innovation also requires overcoming the inability of many
companies to meet technical progress and incorporate new knowledge and tech-
nology. The intervention of the state is justified as a regulator of the life of the
organizations. This institutional framework assumes that the consequences of
market failures on the performance of the economy are greater if the state does not
get involved than if it did.

Efforts of the Mexican Government: Mexico through the CONACYT counts until
2017 with the IIP, which focuses on encouraging innovation within the business
sector. The general objective is to promote, at the national level, the investment of
companies in activities and projects related to research, technological development,
and innovation through the granting of complementary financial incentives. In such
a way, these supports have the greatest possible impact on the national economic
competitiveness. The IIP is relatively new. It emerged in 2009, and for 2017 had
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supported more than 5,900 projects and 2,900 companies, belonging to 34 different
industrial sectors. During this period, it has been possible to support only one-third
of the proposals. It is clear that available resources are insufficient to cover the
national demand, but the good news is the interest from companies to participate in
these types of programs. This is the way to foment and promote the growth and
competitiveness of the company (Farias-Zufliga 2012). Its specific objectives are as
follows:

e Encourage the annual growth of investment in the national productive sector in
Research, Technological Development and Innovation (RTDI). It is important to
note that the program provides complementary economic support, without this
means the replacement of the investment that companies make in RTDI activ-
ities during the fiscal year.

e Promote the linking of companies in the “education-science-technology-
innovation” knowledge chain and its articulation with the productive chain of
the strategic sector in question.

e Train and incorporate specialized human resources in RTDI activities in
companies.

e Generate new products, processes, and services with high added value, and
contribute to the competitiveness of companies.

e Contribute to the generation of intellectual property in the country and to the
strategy that ensures its appropriation and protection.

e Expand the coverage base of support to national companies from a decentralized
perspective.

This program aims at Mexican companies enrolled in the National Registry of
Scientific and Technological Institutions and Companies (RENIECYT), carrying
out Research, Technological Development and Innovation (RTDI) activities in the
country. An enterprise can participate individually or in connection with Higher
Educational Institutions National Public or Private Superiors (HEIs) and National
Public Research Centers and Institutes (NPRC&I).

According to Farias-Zufiga (2012), the PEI is the instrument through which the
CONACYT allocates economic resources to encourage companies to invest in
innovations that translate into business opportunities. The modalities of the PEI are
presented in Table 3.

Table 3 Modalities of the PEI (CONACYT 2014)

Modality Receiver Objective
Innovapyme | SME Projects that generate a high added value and promote the
link with other companies
Innovatec All kind of Plans that invest in research and development infrastructure
enterprises
Proinnova All kind of Proposals in fields that are precursors to knowledge and
enterprises developed in connection with institutions of higher

education or research centers
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In Mexico, there is an institution called the National System of Researchers
(NSR), which according to the Presidential Agreement published in the Diario
Oficial de la Federacion on July 26, 1984, the system aims to recognize the work of
people dedicated to the production of scientific and technological knowledge.
The NSR has played a very formal role in the constitution and development of a
community of qualified, selected, promoted, and rewarded researchers. Without this
system, managed centrally by the CONACYT and financed with its budget, the
level of excellence of Mexico’s research activities and the number and diversity of
internationally recognized researchers would not be what they are today.

Statewide efforts in Baja California: At the state level, some studies (Rivera and
Valladares 2016; Géngora et al. 2010; Mungaray et al. 2013a, b) suggest that in
Mexico, state agencies support innovation by almost 90%, with an incremental
budgetary trend. The agencies mainly support training (94.4%), incubation (88.9%),
direct technological development (88.9%), through consultancy (83.3%), and pro-
ductive investment and SME promotion events (83.3% each). Indirectly, the
emphasis has also been placed on the development of researchers, who can carry
out the transfer of classrooms to companies.

The Network of Technology Transfer Offices in Mexico: The network of
Technology Transfer Offices (TTO) in Mexico is an inclusive project since it is
made up of public and private educational institutions, companies, and government.
This network supports innovation, commercialization, and technology transfer.
The TTO network has the purpose of facilitating the interaction between academia
and business, and it provides a forum for the exchange of best practices from
technology transfer offices. The training of its members supports this effort.

Unfortunately, according to Jalife (2017), after the creation of the TTO infras-
tructure, CONACYT has stopped the calls that involved them, condemning many
of them to inactivity and ostracism. Despite the flaws and dislikes, the plan to give
life to the TTO is virtuous and feasible, and we cannot, as a country, give up
without persevering or basing the decision on the lack of commitment of a few.
The TTO had a very promising background, which was intended to carry out the
triple helix and achieve an academic revolution to promote the transfer of tech-
nology (Etzkowitz 1993). The process did not lead to an adequate link between the
institutions; perhaps, it was a little ambitious to start with so many programs, which,
despite belonging to similar sectors, present a wide diversity.

Rivas-Rodriguez and Lino (2014) comment that another obstacle to the opera-
tion of TTO is a cultural, related to intellectual property. The research centers go at
one pace, and the companies go to another, so the authorities have been forced to
generate incentive programs for innovation that require as a requirement that within
a project work at least two research institutions and one business. The TTO is not
exclusively an institution of CONACYT. However, the presence is essential for the
project to survive.
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3.3 Importance of HEIs and Research Centers
in the Creation of New Technology-Based Companies

The World Bank (2003) has identified four pillars that allow observing the level of
development of a knowledge economy. A pillar is educated and skilled labor, which
consists of having a well-educated and qualified population, as it is essential for the
creation, acquisition, dissemination, and efficient use of knowledge. Another pillar
is the system of effective innovation. It is the public and private development of
research and development, which results in new products or goods, new processes,
and new knowledge.

A third pillar is the appropriate information and communication infrastructure,
which consists of the installed capacities that enable the development of innovative,
scientific, and technological activities. It is also a pillar where the economic and
institutional regime gains knowledge: it refers to the network of institutions rules
and procedures that influence the way a country acquires, creates, disseminates, and
uses information.

The new theories of growth and trade assume the existence of a solid link
between the increase of the knowledge base and the rise of the rate of productivity.
Also, the knowledge economy is a pillar for long-term economic growth in Mexico.
It is argued that sustained investment in education, innovation, and information
technology will lead to an increase in the use and creation of knowledge in eco-
nomic production, leading to help economic growth in Mexico’s 32 states (Sanchez
and Rios 2011).

According to the Global Competitiveness Report (GCR) (2017), economies fall
into three categories: (1) factor-based, (2) based on efficiency, and (3) based on
innovation. Mexico is in stage two, which refers to an economy based on efficiency,
ranking in the 51st position of 139 comparative economies. However, in the 2014—
2015 Global Competitiveness Report, Mexico falls to position number 61.
Innovation, human capital development, and institutional strengthening continue to
play a decisive role in determining which the most competitive economies in the
world are.

The objectives, strategies, and lines of action of the Special Program of Science,
Technology and Innovation 2014-2018 (PECiTI) are aligned with Goal III: Mexico
with Quality Education of the National Development Plan (2013-2018). The
Objective 3.5 says: “To make scientific, technological and innovation development
pillars for sustainable economic and social progress.” (CONACYT 2014;
Diputados 2014). This goal is based on the existing empirical evidence that shows
that societies that put knowledge at the base of their transformation and develop-
ment have access to better levels of well-being. To achieve the mentioned objective,
five strategies are followed:

e Contribute to national investment in scientific research and technological
development to grow annually and reach a level of 1% of GDP.
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e Promote the development of local scientific, technological, and innovation
vocations and capacities to strengthen sustainable and inclusive regional
development.

e Contribute to the strengthening of the country’s scientific and technological
infrastructure.

From the perspective of the economy of innovation, an evolutionist proposal of
technological innovation has been developed, in which different actors that are
within the structure of a system recognized as National Innovation System come
into play. These are as follows: (1) universities, companies, and productive sectors
in general, research centers, financial system, technical HEI, and intermediary
organizations to support business activity (Gutiérrez 2004; Dutrénit et al. 2001);
(2) service providers, product designers, and consumers (Gutiérrez 2004; Nelson,
1993); and (3) government or the government structure.

According to Gutiérrez (2004), state governments, companies, and the academy
turned out to be the fundamental elements, but not the only ones. The production
and transfer of scientific and technological knowledge constitute the essential
exchange, learning, and interaction between the actors of this system.

The Law on Science and Technology of Mexico (Congreso de la Unién 2015)
for the NSSTI (National System of Science, Technology, and Innovation) consol-
idates the State policy in carrying out scientific, technological, and innovation
activities and promotes coordination and cooperation in this area. It is made up of
the following actors and elements:

e The State policy in Science, Technology, and Innovation (STI) defined by the
General Council of Scientific Research, Technological Development and
Innovation.

e The Special Program in Science, Technology, and Innovation, as well as sec-
torial and regional programs in science, technology, and innovation.

e QGuiding principles and legal, administrative, and economic instruments to
support scientific research, technological development, and innovation estab-
lished in the regulations.

e The dependencies and entities of the Federal Public Administration that carry
out activities of scientific research, technological development, and innovation
or support to them, as well as the institutions of the social, private sectors, and
governments of the federative entities, through the procedures coordination,
participation, and linkage in accordance with the Law and the applicable reg-
ulatory framework.

e The National Network of Groups and Research Centers and the scientific
research activities of universities and higher education institutions.

The NSSTI is composed of the instruments of government, public policy and
planning, and a set of actors for whom, due to their diversity, the articulation work
is complicated: the public sector in their three levels, the academic sector and
research, and the set of companies with STI activities. According to Robles-Peiro
(2002), it should be noted that innovation in the new economy is based on the link
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between the different economic and social actors. The generation and application of
knowledge occur mainly through the interaction of a three-horn propeller: gov-
ernment, entrepreneurs, and universities (Leydesdorff and Etzkowitz 2001;
Robles-Peiro 2002).

Currently, CONACYT (2014) is located as the coordinator and articulating axis
of the NSSTI. The system has robust links with HEI and RC. The three pillars of a
successful regional innovation system are as follows: (i) enterprises organized in
functional clusters; (ii) the academic sector, through timely and relevant educational
provision and effective technology transfer mechanisms; and (iii) government
through of a proactive policy with targeted and strategic actions (Mungaray et al.
2013a, b).

Higher education, also called tertiary education, contributes to the improvement
of the institutional system by training the competent and responsible professionals
required for sound management of the economy and the public sector. Its academic
and research activities provide support to the national innovation system (The
World Bank 2003). According to Mungaray et al. (2013a, b), in the knowledge
economy, the first task of regional development policies is to promote processes of
learning and interaction among systems, subsystems, organizations, and individuals
that allow sustainable economic and social development. In the knowledge econ-
omy, the more actors participate in their exploitation, and the more linkage between
them is much better (Robles-Peiro 2002).

Universities are the chief centers of research, both basic and applied. For several
reasons, it is important to maintain advanced training and research programs at the
graduate level. Graduate students are required to work in research and development
institutes, both public and private, as well as in high-tech manufacturing companies.
Graduate programs are essential to train university teachers and improve the quality
of tertiary education, not only current but future generations (The World Bank
2003). According to Mungaray et al. (2013a, b), HEI that carries out research plays
an important role as a source of information and fundamental knowledge. More
occasionally, they are a source of relevant industrial technology to support a
knowledge-based economy.

The participation of university researchers in the national industry contributes to
the generation of a stable scientific and technological research capacity in the HEI,
as well as to the creation of a research and development ability in the industry itself,
which proves to be an indispensable condition for the construction of an integrated
system of science, technology, and production (Acufia 1993). Torres (2010) men-
tions that the HEIs have the imperative commitment to confront their curricula and
adjust them regarding competitiveness, relevance, and quality, to make them
plausible with the new educational, cultural, economic, and policies that come from
the process of economic globalization.

The links between universities and the demands and needs of a concrete city,
region, or territory have historically not been evident. In society, there is a growing
request for a closer and more direct link between higher education institutions and
other actors in economic, social, cultural, and technological life. Also in developing
countries, the university is increasingly viewed as an agent for the development of
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potential, resources, and values for society itself, even in a complex reality with an
uncertain future such as that of emerging economies (Petrillo et al. 2013). Today’s
universities must assume a leading responsibility in shaping the new reality, which
is now more directed toward collective well-being, and social development, pro-
moting its link with society and the transfer of technology (Petrillo et al. 2013).
However, the problem is that there cannot be an effective cooperation if there is no
real link between the school and the company, which may apply to real-life pro-
cesses (Martinez et al. 2010).

Moreno Zagal and Maggi Yaiez (2011), mention that linking is a fundamental
area in HEI, which provides them with the necessary tools to meet the requirements
of all social actors through relevant professional training, following these needs.
Also, it establishes the necessary bridges of communication and exchange between
sectors, which facilitates the students of the higher level their insertion in the social
and productive sectors; so they can contribute to their dynamism and strengthening
in an active and committed way. Gutiérrez (2004) also mentions that new con-
ceptions regarding linkage have been presented, which in turn have given rise to
different policies and programs of action:

1. The linkage as a possibility to support the industrial development of Mexico
under an economic model of technological independence.

2. As a possibility to attend and solve social and productive problems.

3. As a strategy of economic development to promote technological innovation,
within a model of economic market.

4. As a strategy of technological innovation in which various actors interact based
on government coordination and regulation. The purpose of this study is to
determine the challenges in the start-up of companies in Mexico, considering as
the main requirement that these companies apply innovative technologies in
their processes, and that they are willing to participate in the TTP. Considering
this scenario, for the particular case study in Baja California, the dimensions of
the participatory sector of medical devices and their expectations of growth were
identified, followed by the definition of the needs and the challenges for TTP.

4 Case Study

The analysis of the selected case study can serve as an example, and a similar
organization can learn from this experience. Baja California is known as a tech-
nological and knowledge frontier, where the geographic characteristics (presented
in Fig. 1), the highly specialized and abundant labor force, and government policies
to attract foreign investment are just some of the reasons why it is one of the most
important industrial cities in Mexico.

In Baja California, several industrial clusters are going through the embryonic
and growing phases (considered as emerging industries), as well as other industrial
units in stages of maturity and aging (considered industries under risk). For these
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Fig. 1 Geographical location
of Baja California

industrial sectors, innovation, research, and development are critical factors for
emerging industries as well as for mature industries. Figure 2 presents the medical
device group standing out in emerging activities as a growing cluster; therefore, it
was chosen for analysis.

Baja California has gained international recognition as a leading hub for medical
device manufacturing having the largest dedicated workforce in North America
with companies such as CareFusion, Medtronic, Covidien, Smiths Medical,
NxStage, Nypro Healthcare, Teleflex, DJ Orthopedics, Greatbatch, Welch Allyn,
Thermofisher, Fisher and Paykel, Augen, Masimo, Avantti Medi Clear, Ossur,
Flextronics Medical, Martech, etc. According to the Tijuana Maquiladora Industry
Association, the medical devices cluster is integrated by approximately 67 com-
panies (60% located in Tijuana) and over 45,000 direct jobs (Cluster Medical
Devices 2013).

Work starting: The purpose of this study is to determine the challenges in the
start-up of companies in Mexico, considering as the main requirement that these
companies apply innovative technologies in their processes, and that they are
willing to participate in the TTP. Not only is it important to know the challenges for
these companies, but the primary objective is also to describe how restrictions impel
the innovation process more than obstruct it.

Fig. 2 Innovation and T T, 7
. . EMERYONIC GRCWTH » "MATURITY - AGING
technological development in 1 : =, :
the policy of industrial @ gt
clusters in Baja California L maererunserre |
(Vargas-Leyva 2006)

b Consumer .
electromies

Persanal
computer
equipment .

Innovation snd R & D is & cridcal factor
for the emergence and growth of
emarging industries

Textil

Software”
i making_ - *

M'Osr}:“* i ; Innovation and R & 0 is a critical factor
parts ' { S Madical for the scaling up in the value chains of
| J_u(caanf 5 " devices mature Industries
Semi %
= i Specfalized

conductors . -1-
g : electronics

[ B ae = .'_&_néu_:hnolngy




Creation of Technology-Based Companies ... 73

After analyzing the regional industry, it highlighted the MDC as an emerging
industry where innovation, research, and development are critical factors for its
growth. The San Diego Union-Tribune affirmed (2017) that the medical sector is
bringing much innovation and new technology. They are investing to add value to
their products and to reduce their costs. When surveying some representatives of the
cluster, the reduction of the times and costs related to the sterilization process was
identified as one of the leading areas of opportunity. Among the latest develop-
ments has been the establishment of a sterilization plant for medical equipment.

AMC, expected to launch operations early next year, is building a facility in
eastern Tijuana. Gerardo Meave, president of AMC, said the high concentration of
medical device companies was a key to his company’s decision to establish a
facility that will use electron-beam technology to sterilize medical products.
Establishing a company based on high technology requires a considerable invest-
ment; therefore, it is of interest to answer the following questions:

e Why is it necessary to start-up a medical equipment sterilization company in
Tijuana?

e What technologies exist for the sterilization process and what is the best option
for market conditions?

e What are the challenges in setting up the plant? And, how is it possible to carry
out the technology transfer process to innovate processes even with obstacles,
based on the experience of AMC?

For the particular case study in Baja California, first, the dimensions of the
participatory sector of medical devices and their expectations of growth were
identified, highlighting the shortage in the provision of sterilization services in the
region. The MDC established in 2012 the commitment to open a sterilizing plant in
Tijuana before 2020.

Preparation for the project: Texas A & M University System (R&D) is an HEI
expert in sterilization technologies; so AMC started collaborative relations in 2012.
As a strategic alliance, the AUBC was included, with the objective of carrying out a
transfer of technological knowledge to perpetuate and disseminate the new tech-
nology. The collaborative research works began in 2013; a year after in 2014, AMC
received support from the IIP of CONACYT in the PROINNOVA modality, where
the AUBC was a valuable partner.

In 2015, the construction of the sterilization plant was completed based on the
specifications of the Nuclear Safety and Safeguard Commission, and operating
licenses were managed. The import of the equipment in the Secretary of Tax
Administration concluded at the end of the year. In 2016, MEVEX (the company
developing the technology) installed the equipment. In 2017, AMC was in the
process of certification in ISO 9000, ISO 13485, and ISO 11137 norms. Finally, the
company offers its services to the Medical Device Cluster in 2018.

Realization of the project: The medical devices manufactured locally are sent to
other countries to receive the service of sterilization, incurring transportation, and
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storage costs. In some cases, the sterilized medical devices must be returned to
Tijuana before being released. It was estimated if the service was offered in the
region, costs related to sterilization could be reduced by up to 40%.

There are three methods of sterilization used in medical devices: EtO (Ethylene
Oxide), Gamma irradiation using Cobalt-60, and Electron-Beam (E-Beam) irradi-
ation. Why choose E-Beam over EtO and Gamma? Table 4 presents a comparison
between these technologies. E-Beam is considered as the green solution; due to
environmental issues such as toxicity of EtO, and handling issues associated with
radioactive Cobalt-60, among others, governments around the world are looking at
sustainable and green alternatives as E-Beam; it is a “switch on-switch off”
technology.

The project lasted five years; in the first instance, it can be considered excessive.
However, when planning the development of the project and establishing the
critical route, a lot of intermittency in the activities was identified, as well as
non-avoidable waiting times. It is of interest to recognize that there are times not
considered in the planning phase, so initially, we had an expected time of 3 years to
start operations instead of 5.

The strategic collaboration for the development of the project is presented in
Fig. 3. Texas A & M University System (R&D) signed a collaboration agreement to
train the company and the AUBC in the use of E-Beam technology for a year with
the possibility of making updates in the future; the E-Beam technology is being
studied for possible future applications. MEVEX provided the E-Beam system and
installed it. CONACYT and SEDECO financed part of the project considering it
important for the development of regional competitiveness. The AUBC participated
with a research group on prototype development activities, operation manuals, work
instructions, and operation analysis.

Setting up the study: AMC will guarantee a dose of radiation, not sterility. How is
this possible? For the process of granting the sterilization service first, the client
performs a microbiological analysis of his product; the count will depend on the

Table 4 Comparison of sterilization techniques (Avantti Medi Clear 2017)

E-Beam

EtO

Gamma

Electricity is the source
Majority of the medical

devices are compatible with

E-Beam
Extremely high product
throughput (minutes)

E-Beam process adapts to

costumers needs
Proven technology and
worldwide applicability
Switch on-switch off
technology

Toxic gas
Flammable, explosive
and highly toxic
carcinogen

Slow process (days)
High operation cost
Penetration is difficult
for some materials
Process eaves behind
residuals

A radioactive isotope is the
source

Environmental issues
associated with the handling of
Cobalt-60

Slow process (usually about

8 h)

The process cannot customize
for individual packages
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Fig. 3 Strategic
collaboration ( adapted from
Avantti Medi Clear 2017)

Baja California Worldwide Hub of Medical
Devices Manufacturing and Sterilization

parameters of the clean room where the product is manufactured. Then, considering
this count, AMC carries out a dosimetry study according to the dimensions of the
product, dimensions of the box used in the packaging, arrangement of the indi-
vidual packages in the box, type of material, and the microbiological count. It is
validated that sterility is achieved according to these characteristics when a specific
dose is applied. Therefore, a dose is guaranteed, not sterility. The sterility will
depend on whether the company maintains or reduces its microbiological count.

5 Learned Lessons

Through the E-Beam technology transfer process, business risk situations were
presented. There are described and the way in which they were addressed to
overcome the challenges presented.

5.1 Long Start-up Times for the Company

The process of technology transfer tends to be slow, due, among other things, to the
size of the investment and the learning curve necessary to carry out the introduction
of the process in the national territory. The company workers accomplish this task.
The implementation of the new production process suffers several modifications
from situations not considered in the critical route planning.

When the times for the realization of the project are lengthened, it is important
that investors never lose the conviction in the business, they must constantly think
about the incentives, and have full confidence in the project. For investors to have
this security, the technology to be transferred must have the characteristic of not
becoming obsolete in the short term. Also, there is the expectation of looking for
new applications because it is a differential technology. As a consequence, the
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project generates new motivations giving security to the investor to be the eco-
nomically feasible project.

5.2 Limits on the Administrative Structure of HEI

The Impulse to Innovation Program is very attractive for companies seeking for
taking advantage of the highly specialized human resource generated by HEL
However, not all HEIs have the experience and administrative structure to engage
with the industry in high-technology and innovation processes. It is important that
companies interested in linking have a general agreement of collaboration with
universities before making a specific agreement for a particular project; this gen-
erates a greater commitment from both parties.

5.3 The Requirements for Certification in the Standards
Are Contradictory

In the experience of the case study, the team realized that the procedure for certi-
fication in the mandatory standards seems contradictory. For example, to operate
the process, you must be certified, however, to certify you are asked to have
validations of the process already operating. The operations manager recommends a
validation with alternative products. In this case, the products to be sterilized in the
projected service are medical devices, but to achieve the certification, we carried out
sterilization runs to other products such as dog food to generate historical data that
would validate the process.

5.4 Requirement of Highly Specialized Personnel

Although research centers and universities have a highly specialized and training
staff, generally the technology transferred is scarce and commonly unknown. To
solve this situation, funds were allocated for the training of undergraduate and
graduate students, as well as teachers who participated actively in the project. At the
same time, the participants committed to the dissemination of the new technology in
the academic and industrial sector, as well as the processes and standards related.



Creation of Technology-Based Companies ... 77

5.5 Disinformation About the Technology by the Agencies
that Grant the Operating Permits

Finally, one of the most recurring obstacles was related to legal administrative
procedures. A large number of people who request different procedures surpass the
government institutions granting the permits. Other instances, such as customs, are
unaware of the technology and take considerable time to make a decision fearing
the technology may be used for purposes not defined in the specifications. In these
cases, the administrative process should privilege the permanent communication
with the different institutions, sensitizing and educating about the new technology.
It is necessary to break paradigms regarding the use of new technology; educating
and informing about this will allow the obtaining of licenses to be less complicated.
Companies interested in making the transfer must be willing to disseminate the new
technology and generate trust and expectation in it.

6 Conclusions

The technology transfer process is a challenge in itself for companies that risk
several resources to provide innovative products and services. In fact, Mexican
innovations are on a constant basis, which are registered mostly by transnational
companies; this accounts for the great creativity of Mexican professionals who,
even with the current socioeconomic conditions, considered highly restrictive,
becomes a fertile ground for both domestic and foreign private investment.

The company AMC is an example of perseverance to provide an innovative
service for the medical device sector with the aim of making it more competitive. It
is possible to replicate this case study in a different place in México. The appli-
cations of the E-Beam are not limited to the sterilization of medical devices. It is
possible to preserve the shelf life of perishable foods such as fruits and meats.
Another application is the cross-linking of particles for the modification of prop-
erties in plastic materials.

The general methodologies that other companies can learn from this case are as
follows: (a) approach the specialized manufacturing sectors and know their needs,
(b) identify the strategic alliances to obtain financing and knowledge, (c) make
strategic alliances for knowledge management, (d) develop the transfer project for
the creation of the technology-based company, and (e) provide the product or
service. There are other industrial sectors carrying out projects of high magnitude
and impact both social and economic. However, the MDC stands out as a
fast-growing emerging sector and is therefore believed to remain of interest for
future research.
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Applying Action Research to Academic M)
Patent-Licensing Path e

Daniel Barron-Pastor, Norma Garcia-Calderon and Julio Alcantar

Abstract In this chapter, an action research program and two projects that fol-
lowed the patent-licensing path are presented. The program had the objective of
increasing patent-licensing outputs and researching the processes and factors that
influence the possibility of success of these activities. The active research
methodology proved to be a valuable approach for simultaneously solving both the
research goals and the problem-solving goals. The first project presented is related
to the development of a new product to human diagnostics. The second one refers
to new technology development, with a potential application in electronics. Both
projects are the objective of extensive collaboration, particularly in the early
research stages, for posteriorly going through the R&D and the patent-licensing
activities. The projects also follow an iterative, stage-gated process and were
influenced by internal and external factors. The most relevant findings reveal that
the experience presented could be useful for developing patent-licensing projects in
different contexts and under restrictive conditions.

Keywords R&D management - Patent strategy - Licensing

1 Introduction

The patent-licensing activities were rare events for academic institutions until the
1980s, wherein the Bayh—Dole Act (US Public Law #96-517) allowed them to
patent inventions funded with federal money, and to retain the royalties that these
patents could generate (Argyres and Liebeskind 1998). Thus, the patent-licensing
paths “constitute immediate, measurable market acceptance for outputs of aca-
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demic research” (Perkmann et al. 2013). OECD members and other countries
applied similar rights and diverse incentives for increasing the patent-licensing
activities in the academic organizations (Geuna and Nesta 2006; Sampat 2009). In
response, academic institutions had been transforming the governance of knowl-
edge transfer activities and implementing diverse support structures, such as the
knowledge or technology transfer offices (Markmann et al. 2008; Geuna and
Muscio 2009). However, empirical evidence showed that few academic institutions
had been making profits from the patent-licensing activities, while most institutions
are losing money (Mowery et al. 2001; Sampat 2006). These drove us to question:
Why was so difficult for academic institutions to succeed in patent licensing with
the purpose to commercialize knowledge? How can be improved the institutional
patent-licensing activities without a negative impact on research activities? And not
less important, what are the factors that influence the possibility of success in these
activities?

This chapter presents action research (AR) program performed between 2008
and 2016 in a public research center in Mexico. The purposes of this program were
improving the institutional results related to increasing patent-licensing outputs,
while researching the factors that influence the possibility of success of these
activities. A detailed analysis of two projects of academic research following the
patent-licensing paths is presented and discussed.

In the first section, it is presented the AR methodology and the guidelines
proposed by Henfridsson and Lindgren (2007). The second section describes the
results in the following order: 1. The context and goals of the AR program. 2. This
section describes the processes of formalization of the collaboration between the
Intellectual Property Department (IP team) and two R&D teams. 3. The imple-
mentation and development of both AR projects, and 4. The analysis of the
experience and how the objectives are fulfilled. Section three presents an iterative,
stage-gated process and the external factors that influenced the project’s develop-
ment. Finally, the conclusion and remarks are presented.

2 The Action Research Methodology

Action research (AR) has been recognized as a valid research method in applied
fields such as organization development, education (Coghlan and Brannick 2014),
new product development (Henfridsson and Lindgren 2007), and lately proposed
for patent planning (Soranzo et al. 2017). This approach emphasizes the collabo-
ration between researchers and practitioners in solving both the research goals and
the problem-solving goals. It is important to note that the “AR differs from case
study research in that the researcher is directly involved in planned organizational
change. Unlike the case study researcher, who seeks to study organizational
phenomena but not to change them, the action researcher is concerned to create
organizational change and simultaneously to study the process” (Avison et al.
2001). Therefore, AR projects are highly situational and different variants have
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been proposed for achieving a different set of goals (Baskerville and Wood-Harper
1996). In this diversity, Henfridsson and Lindgren (2007) proposed four general
guidelines for the management of AR projects, which were followed during this
project. The four guidelines are as follows:

(a) The identification and specification of a situation where the problems exist
(context): This guideline refers to the need of defining the context wherein the
problem resides. In other words, defining time, geo-economic, organizational
issues, and those factors that intervene in the identification and generation of
the problem. Also, it is important to show how the problem is discovered by the
researcher, the action researcher, or evolves from research—client interactions.
As mentioned by Avison et al. (2001) “each AR project, to some extent at least,
is unique” and highly situational. Thus, defining the initial context is very
important to the AR project itself, but it is also important for evaluating the
changes made during the AR and communicating the experiences.

(b) The formalization of the collaboration between the practitioners and the
researchers (formalization): This guideline arises from issues of control and
authority management from the beginning of an AR project and during its
development. For instance, Avison et al. (2001) explained that control struc-
tures could be formal, informal, and evolved, and should include action war-
rants and processes for renegotiation and/or cancellation of the project.

(¢) The implementation of full learning cycles of understanding, supporting and
improving practice (implementation): This guideline refers to the sequence of
steps by which AR is conducted. AR projects are iterative processes of a four
stages cycle: diagnosis—action planning and taking—evaluation—reflection. In
each stage, researchers and practitioners should be involved in an adequate
time, with a systematic collection of data and interpretation methods.

(d) The systematic collection of data and suitable methods of interpretation
(analysis): This guideline refers to the kind of data used and generated during
the AR project, how they are selected, systematically collected, and analyzed.

In the next section, the AR program and the detailed analysis of two projects are
presented, following the same order of the four guidelines proposed by Henfridsson
and Lindgren (2007).

3 The Active Research Program

The AR program and projects presented in this chapter share some context and
goals. (Section 3.1) Both projects were initiated by informal collaboration agree-
ments (Sect. 3.2), while each project has its development path. (Section 3.3) The
interpretation of the experience was presented and the analysis of some internal and
external factors that influenced the projects was performed. (Section 3.4) An iter-
ative, stage-gated process found, was presented in the discussion section.
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3.1 The Context of the AR Program and Projects

The Instituto Potosino de Investigacion Cientifica y Tecnoldgica (IPICYT) was
created on November 24, 2000, as a local government initiative. It was integrated
into the National Council of Science and Technology (CONACYT) network of
public research centers in 2002, allowing it to receive federal funds. Located in San
Luis Potosi (SLP), a city with a population of almost one million in the center of
Mexico and not far from the three main cities of the country: Mexico City,
Guadalajara, and Monterrey. The most important economic activities in the SLP
city are manufacture, logistic services, and commerce. Nevertheless, smaller pop-
ulations, mostly dedicated to the agriculture and animal husbandry, surround the
city but some had large mining operations. Also, there are large natural areas (The
Huasteca rainforest and the Altiplano arid zone) that have complex ecosystems with
several endemic species that face anthropogenic impacts. Based on these regional
characteristics, the IPICYT was designed as a multidisciplinary science and tech-
nology research center with capabilities on Molecular Biology, Environmental
Sciences, Geosciences, Advanced Materials, and Applied Mathematics, with the
missions of impel research, higher education, and get involved in the regional
economic development.

For developing the “third mission” of economic development, in 2002 the
IPICYT hired an industry—academy relationship officer. Their objective was to
increase profit by fostering the contract research and consultancy with the industrial
sector and the government. Between 2005 and 2007, IPICYT filed two patent
applications per year by outsourcing the complete IP management process.
Nevertheless, it proved to be very costly and inefficient.

In 2008, the IP Team was integrated, initiating the implementation of the
strategy wherein it was planned as the ‘Active research’ program, which is pre-
sented in this paper. At the beginning of the AR program, the institutional goal was
about increasing patent-licensing outputs more sustainably. This goal generated a
situation wherein, on the one hand; the researchers were required to produce
patentable knowledge that could be licensed to companies (with no prior experience
in these topics). On the other hand, the IP team had to develop a sustainable process
for increasing the possibility so that basic science findings could be incorporated in
the patent-licensing path for generating profits for the academic institution. To
reach these goals, the IP team focused on two opportunities: (1) Identifying science
findings and research topics that could be developed into patentable technologies or
products (for generating a pipeline of potential patentable cases) and (2) To analyze
the market opportunity and potential to be licensed (for selecting those cases with
licensing potential). The results of this first stage were disclosed in Barron-Pastor
and Garcia-Calderon (2014).
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3.2 Toward a Formal Collaboration

As the AR program evolved, two cases were selected for developing long-term AR
projects. Both cases shared the following criteria: (a) the science findings developed
by the R&D teams were in a very early stage, (b) the potential application and
market opportunity was detected by the IP team and were not foreseen by R&D
teams, and (c) the main researchers of the R&D teams were perceived with
openness to collaborate, as they allowed the IP team to participate in the concept
definition and R&D planning. Within the planning meetings, the IP team offered to
initiate a collaborative AR project, increasing the mutual commitment and support
for developing a collaborative R&D project. The AR project also encompassed the
patent-licensing activities and allowed tracking the evolution of each case. The
agreement to initiate the AR project with each R&D team was informal, hand-
shaking accompanied with hopes of mutual benefits from the collaboration.

3.3 Implementation and Development

AR PROJECT 1 (AR1): CANDIDA PROJECT
In collaboration with Irene Castaio and Alejandro de las Pefias.

Project Background: Candida infections are the first source of fungal infection in
humans. They cause organ invasion and blood infections associated with up to
33-51% mortality rate. Some factors that increase the risk of these infections are
prolonged stays at intensive care units, immune-compromised patients (e.g., AIDS
transplant, cancer). Four Candida species (C. albicans, C. glabrata, C. parapsilosis
and C. tropicalis) are responsible for up to 95% of Candida infections.

In some cases, this Candida develops resistance to common antifungals.
A timely diagnosis is critical to give the correct treatment, avoid complications, and
death. Currently, diagnosis based on culture and biochemical tests take up to
4-12 days, with an accuracy of 65-85%. During this time, the risk of complications
and death increases. There is a global need for a rapid identification test in blood
and urine, clearly identified in most developed countries, but less important in
developing ones.

Chronology: By performing basic research questions about the evolutionary and
regulatory functions of some regulatory DNA sequences of Candida glabrata, the
R&D team discovered unique DNA repeated sequences in C. glabrata that shown
to be absent in any other related or non-related species. While the R&D team was
making the scientific questions about their origin and functions, the IP team esti-
mated that the DNA sequences could be useful to design an identification assay.
The reasons behind this conclusion are (1) the novelty of the DNA sequences
against state-of-the-art and bioinformatics information available allows estimating
both the potential patentability and the non-cross reaction with other sequenced



86 D. Barrén-Pastor et al.

organisms. (2) The idea was verified based on the unsatisfied need and market
opportunity analysis, and (3) the low cost of performing the basic experiments for
generating the proof of concept. With this information, a first grant proposal was
drafted, and the project was funded with the governmental support.

During 2008-2009, a series of experiments were carried out to achieve a wide
variety of DNA fragments for identifying this fungus against reference strains and
clinical samples. In 2009 and 2010, the first family of patent applications of the C.
glabrata identification kit was filed' followed by a presentation of relevant results
and the alpha prototype to the most important hospitals and clinical laboratories in
Mexico. The feedback is shown as a design requirement also to identify the three
most prevalent Candida species related to morbidity and mortality rates (C. albi-
cans, C. parapsilosis, and C. tropicalis).

Thus, the new PCR kit should allow the identification of the four most prevalent
Candida species that correspond to 95% of Candida clinical cases, which differ in
the antibiotic treatment to be suitable for clinical practice. With this feedback, the
second round of concept definition was set up. For each species involved, it was
required to validate: (1) the need and the market opportunity, (2) the state-of-the-art
and bioinformatic DNA sequence’s analysis for finding potential targets for iden-
tifying the fungus, (3) the technical and economic feasibility of performing the
experiments, and (4) the statistical model required for the proof of concept.
A second grant proposal was presented in early 2010, finally accepted after several
issues, in the middle of 2013.

From 2010 to 2012, no financial aids were available. Thus, inventors returned to
their basic research projects abandoning the Candida kit project momentarily.
However, the IP team continued the technology transfer efforts with the further
presentation of results to potential licensors, investors, and users.

In late 2013, a third grant was earned within a student entrepreneurial contest,
allowing to perform the sensibility and specificity tests against a statistically rep-
resentative number of clinical samples. This grant allowed proving the usefulness of
the prototype against the four species DNA sequences included. Although the
funding was not enough, the R&D team managed to collaborate with other research
institutions and hospitals, for validating the proof of concept. In an exchange
strategy, hospitals provided the samples and the R&D team carried out the
experiments. In 2014, three patent families were filed for the additional set of
sequences.” A new round of interviews with diagnosis labs, hospitals, and final
users was carried out. A new market feasibility study and financial estimations were
made. However, funding was shortened, and only the U.S. and Mexican patents
were filed.

At the beginning of 2015, the Health Ministry launched an Innovation
Fund (FINNOVA program). In this program, human health was a crucial topic.

'EP2410052, ES2564416T3, DK2410052T3, MX2009002935, and W02010107292.

MX2014012841, MX2014012840, MX2014012842, US2015119277, US2015176084,
US2015176085, WO2015176085, W0O2015060704, and WO2015060705.
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Thus, an external advisory committee evaluated health projects close to the market.
The goal of this evaluation was to analyze the market opportunity, the possible
interactions, and to suggest some recommendations for launching the product’s
commercialization. The external committee made valuable observations, for
instance, changing the Technological Platform from Traditional PCR to Real-Time
PCR (g-PCR). The difference between both platforms increases the test sensibility,
but also implies the redesign of the molecular tools, R&D strategy, and business
plan.

In the middle of 2015, an institutional technology transfer mission took place.
A go-to-market plan was designed with an international technology transfer com-
pany, and several top multinational companies were interested in the product.
However, the technological platform was modified once more, since the top
molecular diagnosis companies replaced q-PCR with a new technique TagMan
Probes. The technical barrier implied the redesigning of the prototype and the
collection of new evidence about the product performance. Also, a new IP strategy
and business plans. Moreover, on May 2016, the USPTO Invention Act suffered
some changes regarding judicial exceptions. Jurisprudence related to Natural Law
blocked protection on diagnosis methods using the pathogenic genetic material to
identify infections in biological samples (USPTO 2016). Therefore, IP protection in
the USA was severely affected for three Candida species. C. glabrata has strong
protection in Europe (where Candida infections are a severe health problem), while
the four species are protected and suitable for the Mexican market.

During the evaluation of the feedback and requirements for developing the
TagMan Probes, the foresight analysis indicated that the TagMan Probe technology
could be replaced with an emerging technology: the DNA Point-of-Care
(DNA-POC). Currently, new concept selection is under discussion for selecting
the technological platform (TagMan Probe) or DNA-POC technology. The grant
proposal including the TagMan Probe has not been accepted yet by government
health-related grants, and we are approaching international groups looking for
collaboration to develop DNA-POC tests.

AR PROJECT 2 (AR2): REPROGRAMMABLE LOGIC GATES
In collaboration with Eric Campos Canton.

Project background: Reprogrammable dynamic logic gates based on chaos
computing were developed to test Chua’s theory. The concept applies to a wide
variety of electronic devices such as multivibrators and semiconductors. Therefore,
it can be integrated into computers, tablets, smartphones, and so on. The dynamic
logic gates perform, in a single gate, all the logic operations (AND, OR, NOT,
NOR, XNOR, and XNOT) needed for processing data, instead of requiring a gate
for each operation. Dynamic logic gates reduce the processor’s size, while simul-
taneously increase memory and processing capability in the same space. However,
the internal architecture of electronic devices requires some adaptations to allow the
working conditions within the proposed technology. It is noteworthy that the
miniaturization is still a challenge.
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Chronology: In 2010, basic research efforts performed by Eric Campos, a
researcher of the Applied Mathematics Division, achieved the application of Chua’s
computing theory. In collaboration with the IP Team, a concept definition was
carried out for improving a first rough prototype. The purpose was that a single
dynamic logic gate could perform all logical operations. Although the researcher
published his findings, the first logic gates were IP protected in the USA.* In 2011,
a technology assessment study was performed in collaboration with the Texas and
Arizona Universities (ATTP program). The study revealed that the technical and
market feasibility were congruent with a technology push strategy. Also, the study
indicated that the dynamic logic gates platform could have a wide variety of
applications that should be explored.

During 2012, a new product was designed: a dynamically reconfigurable mul-
tivibrator also based on the chaos reprogrammable computing. This all-in-one
multivibrator device could be used in several pulse generators, a rising flank trigger,
and a full RS flip-flop device. This technology was protected in 201314 in six
countries where it was more feasible to be commercialized, according to the
technology assessment study.? Some interviews were performed in universities,
with stakeholders, and consultants for promoting the technology locally. The
feedback shows the interest in presenting the technology to a company that par-
ticipates in some design groups of next-generation microprocessors. Also, the study
pointed out that the miniaturization and integration of real-life devices were
desirable, but extremely challenging because of the lack of some capabilities at a
national level.

In 2014, the research team obtained special funding for developing a prototype
of a dynamic reconfigurable FPGA (FDPGA) applying the same mathematical
platform. It was used accordingly and allowed to file a US patent application
protecting the FDPGA concept in 2015.

In the middle of 2015, an institutional technology transfer mission took place.
A go-to-market plan portfolio was designed with an international technology
transfer company and was presented to companies that develop microprocessors,
particularly those with participation in design groups of next-generation micro-
processors in Europe, Israel, and the US. It was difficult to get some responses from
most companies, and seeking comments or feedback on the technology was even
harder. Just a few and short interviews could be made. In one of them, an executive
told us: “it is quite difficult that a company could embrace a foreign technology in
this sector. If we require something, we develop it in-house and sometimes it could
be outsourced by research contracts...”

Meanwhile, technical issues emerged in the miniaturization of the FDPGA
prototype. The situation got worse due to an increase of 25% in the US dollar-MX
peso exchange rate, which produced a severe budgetary reduction. Both situations

*Prov. Appl. No. 61/502, 502, further non-provisional US Patent 8,587,343B2.

4W02013066143, IN3454DEN2014, AU2012331722, CA2853681, EP2775618, JP5847955,
US8823464, and MX326790
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affected the project to become unfavorable. On the other hand, the technological
opportunity moved away: a reduction in manufacturing costs of ASIC micropro-
cessors was replacing rapidly the use of multivibrators and lower cost hybrid
ASIC-FPGA microprocessors, which modified the trend of FPGA adoption.
Finally, the emergence of research in quantum physics changed the long-term
development expectative of the future microprocessors technology. The sum of
these issues discouraged the R&D team, and the project got into a standoff.

3.4 Interpretation of the Experience

The projects presented in this chapter were developed by The Instituto Potosino de
Investigacion Cientifica y Tecnoldgica (IPICYT) between 2008 and 2016. Thus, the
AR program and both projects shared a similar historical context, institutional
conditions, goals, and leadership (Sect. 3.1). In this sense, it might be highlighted
that since 2004, the institution began to implement patent-licensing activities,
pushed by new national “third mission” policies and incentives for increasing the
participation of research on economic development. This major change at national
and institutional level pushed the R&D teams toward getting involved in the
patent-licensing activities. Within 2004-2008, the institution outsourced the patent
activities, but it showed to be very costly and inefficient. In 2008, an internal IP
office was set with the aims of increasing the institutional patent activities and
outputs. Within the implementation activities, the IP team began to search R&D
projects for including them in the pipeline of potential patentable developments,
wherein the R&D teams for developing an AR program were found.

In both projects, the initial idea emerged from basic scientific research findings
discovered by the R&D teams. In the earliest stage, the researchers had no intention
to follow-up a technological development, neither a patent-licensing path; even if
the R&D team recognized that the discoveries could be applied to solve a need.
However, the IP team convinced them to get involved in these activities with the
following arguments: (1) there were little R&D efforts required which could have
enough information for filing a patent application; (2) there were an unmet need and
a market opportunity; (3) the IP team might help them during the overall activities;
and (4) got involved in these activities should increase the potential of attracting
more resources for their R&D projects and improving their institutional evaluations.
As the collaboration between IP and R&D teams begun, the easygoing and open-
ness to work, led to initiate informal agreements (Sect. 3.2), for developing the AR
projects presented in Sect. 3.3.

During the AR projects, among different R&D and business planning tools used,
the Koen’s Fuzzy Front End framework (2002) was found to be useful to simul-
taneously identify and analyze the internal and external factors that were
influencing the project development.
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Internal factors that influenced the project development:

Institutional culture: The institution and R&D personnel were highly involved in
scientific research activities that were measured and evaluated with academic
parameters. Their culture was based on the traditional missions of teaching and
research. However, new “third mission” policies pushed them to face economic
development activities that at the beginning of the AR program were unknown to
most of the researchers.

Institutional leadership: The purpose of this leadership is to allow the R&D teams
to develop their work with freedom and responsibility. Further, both R&D teams
were highly committed to the institution and for achieving their goals.

Scientific disciplinary approaches: An important cultural factor that differentiated
the teams (and therefore the projects) was the scientific approach for modeling and
solving problems.

The first project AR1 (related to Candida’s molecular identification kit) was the
responsibility of an R&D team of molecular biologists. The team chooses to follow
the “New Product Development” (NPD) path. In this project, researchers were
reluctant to extrapolate the methodology for identifying different pathogens of
clinical interest. Focusing the effort on developing new products around the iden-
tification of Candida species that were well known by the team. This NPD strategy
focused the ARI-R&D efforts to develop a single product by adding different
characteristics as the capacity to identify more Candida species; the optimization of
the processes, some statistical proves (sensibility and accuracy), among others.

On the other hand, the AR2 (a platform based on chaos mathematics with
diverse applications in electronics) was under the responsibility of a mathematician
who chose to follow a “New Technology Development” (NTD) path, generating
diverse applications that follow parallel NPD paths. These differences were
described in the definition of concept stage. In this project, the researcher was very
open to extrapolate the theoretical findings to seek a NTD and to develop diverse
applications within parallel NPD processes. This NTD strategy moved the goal
toward proving the usefulness of the concept in different applications in parallel,
rather than optimizing a single product to a real scale operation.

The IP team should balance the focus of the AR1 toward a more open NPD path.
On the other hand, the openness of the AR2 should move the NTD path toward a
more focused NPD path. Despite the chosen strategy, both R&D teams decide to
follow a different development approach (NPD or NTP) with the parallel devel-
opment of new products.

External factors that influenced the project development: Among the identified
external factors that influenced the projects development, the most relevant were:
(1) resources required and funding, (2) technological trends, and (3) The accessi-
bility or openness of the sector that promotes research or innovation initiatives and
that accept new products.

Resources required and funding: The AR project required larger amounts of
resources than AR2 in the early stages of R&D. AR1 required: (1) time-consuming



Applying Action Research to Academic Patent-Licensing Path 91

bioinformatic assays for developing the in silico target planning; (2) several
experimental procedures for identifying the right DNA primers and their PCR
conditions; (3) costly statistical experiments for achieving the proof of concept;
(4) the optimization of the procedures related to the clinical conditions; and (5) to
implement the patent-licensing activities, wherein external feedback was retrieved.
Since the earliest feedback, potential licensors set as a requirement, that the proof of
concept must include the complete information to face regulatory issues (FDA for
instance) to commercialize the product. This process demands a huge amount of
money for achieving each cycle. Furthermore, attracting resources from grants was
an intermittent effort, and it was obtained after several attempts. On the other hand,
AR?2 theoretical and in silico planning and rough prototyping were quite cheap;
allowing almost a constant funding of these stages. However, the miniaturization
toward real scale applications had enormous costs. Therefore, patent-licensing
strategies were set for transferring the concepts to those companies that could afford
the investments toward real applications.

The financial resources required for each stage of development and the conti-
nuity of funding were the most astringent external factor for both projects. The
scarcity of resources delayed the activities and outputs of AR1. In the case of AR2,
scarcity made it not possible to get involved in miniaturization activities. In both
cases, resources availability limited the R&D planning, the implementation of an
international patent strategy, and the achievement of the licensing activities.

Technological trends: In the 8 years of development in the ARI project, the
diagnosis technological platforms changed twice during the project, and again, a
new platform is emerging. Meanwhile, the AR2 was impacted by an almost
punctual, massive change of actual and foresighted emerging technological plat-
forms, moving away from the market opportunities once identified. These rapid
technological platforms change and move away from the market opportunity and
technical feasibility of the technology, and the prototypes developed in both pro-
jects. The potential licensing opportunities continue to exist, but require a con-
siderable effort to adapt the current developments to the new technologies.

The accessibility or openness of a sector (sectorial openness): The AR1 activities
were related to the biomedical sector dedicated to human clinical diagnosis. The
sector is open and is relatively easy to present and obtain feedback from national
and international companies. In the interviews achieved, even with top-level R&D
managers, it was not difficult to get valuable feedback or answers to questions like,
if they were interested; what they required to be interested? And even, who could be
interested in our product proposal? The openness of the people involved in the top
R&D management of biomedical companies was an unexpected discovery. On the
other hand, the AR2 required to be presented to the microprocessors and micro-
electronics sectors: it was very hard to obtain even confirmation by e-mail, and few
phone call interviews were achieved. A straightforward communication led us to
understand an in-house innovation sectorial issue.
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AR program and AR projects’ objectives fulfillment

The AR program had the institutional objective of increasing the patent-licensing
outputs in a more sustainable way. This objective was fulfilled as (1) the
patent-licensing activities, and outputs related to both projects increased consider-
ably; and (2) the resources required for developing the international patent-licensing
strategies were included in the grant proposals of both projects, reducing the
investment.

Also, the problem-solving objectives of the teams involved in the projects were
achieved: (1) long-term collaboration within the IP and R&D teams involved in
AR1 and AR2 was set; (2) R&D activities were incorporated into the
patent-licensing path, increasing the outputs: (a) seven patent families integrated
with 32 patents were filed in different countries, most of them have been granted or
are still under evaluation; (b) technological and economical portfolios were pre-
sented to national and international companies seeking licensing opportunities;
(c) top-level interviews were achieved, retrieving relevant feedback; and (d) po-
tential licensing opportunities were kept open.

Finally, the organizational research objectives also were fulfilled as (1) the AR
methodology proved to be useful for achieving patent-licensing activities in an
academic institution; (2) some of the internal and external factors involved in the
patent-licensing path were identified and analyzed, allowing some risk management
opportunities; and (3) during the activities performed, it was identified as an iter-
ative, stage-gated process with clear steps that will be further analyzed in the
discussion section.

4 Discussion

Research produces valuable knowledge. The challenge is to transform this intan-
gible resource into innovation. This is one of the goals of the academic’s third
mission policies for participating in the economic development. The
patent-licensing paths “constitute immediate, measurable market acceptance for
outputs of academic research” (Perkmann et al. 2013). However, this process has
been a high-risk long-term task that requires diverse resources for its development
and for increasing the possibilities of success. Moreover, ‘the trip from lab to
market’ is highly situational: internal and external factors affect the conditions and
the decision-making within the processes. Therefore, just a few organizations are
succeeding in these activities (Mowery et al. 2001; Sampat 2009).

The motivation for performing the AR program and the projects shown in this
chapter is to promote and move that academic research into innovations. The
strategy is to follow the patent-licensing path. In the AR program, two crucial
factors identified were: (1) an iterative, stage-gated process and (2) to transform
some of the internal and external factors involved that allow a risk, into manage-
ment opportunities and then to increase the possibilities of success in diverse
contexts.
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The identified iterative, stage-gated process

During the AR program and projects performed, it was identified an iterative,
stage-gated process with clear steps: (a) defining a concept and R&D planning;
(b) attracting the necessary resources; (c) developing the activities and evaluating
the outputs; (d) when required, performing the patent-licensing activities; and
(e) retrieving the feedback and redefining the concept. The iterative process that we
found is depicted in Fig. 1 and later explained in the following pages.

Defining a concept: Both projects began with an external, internal, and trend
analysis process (FFE) for defining a concept (Koen and Fountoulakis 2002). In this
FFE-like process, the idea selection and enrichment are nurtured with the technical,
economic feasibility, and capabilities analyses. The market opportunity selection
and enrichment are supported by the state of the art, the technological trends, and
the market information analyses. Another relevant source of information is the
feedback of potential licensors, investors, and users.

In each concept definition stage, several enrichment rounds were performed on
different days. At the end of each meeting, some specific tasks were identified.
Also, some feasible schedules to perform each task by the participants are proposed.
It is necessary to emphasize that the personal commitment was the only source of
motivation among the project’s participants. It was required to set a follow-up
process for tracking the task development. Usually, the requirement to present a
grant proposal accelerated the task development, the number of planning actions,
and thus the meetings performed increased.

One of the most important issues was related to the team’s configuration. R&D
researchers had a strong scientific profile, but a limited experience in the intellectual
property processes and business backgrounds; while the IP team had scientific,
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Fig. 1 Patent-licensing path process
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legal, and business backgrounds. The R&D and IP teams jointly contributed to
identify and enrich the concept for developing potential novel applications for a
specific market opportunity. This configuration is consistent with Fisher and
Oberholzer (2013), which propose that the multidisciplinary interaction within
R&D and IP teams produced a more efficient concept generation.

Also, one of the most important factors during the concept generation and
enrichment stages was retrieved by external feedback. Top-level communications
had a stronger influence on the decision-making of each project than middle-level
personnel (even if the advice was made toward solving a similar problem). While
this phenomenon has its roots in cultural behavior, it is required to listen and
retrieve the feedback based on the argument, not its origin. The final user feedback
was also important and had surprising effects on the project development. When the
R&D and IP teams got closer to the final user’s needs of the AR1 project, the final
users were real people that had suffered or were suffering a chronic health condi-
tion. The communication of their needs increases the team’s commitment to gen-
erating a potential solution.

R&D plan: During the concept definition stage, emerged diverse sets of things to
be done. In our experience, it was required to define and prioritize them for
achieving a modular action plan, and adapt them to the activities that could be
financed by the grants available. In our experience, the R&D activities and the
resources attracted to support these initiatives became more efficient when per-
formed in parallel with patent-licensing activities.

Attracting the resources required: This stage is highlighted because it was the
main gate that enables the R&D and scaling-up processes as well as the
patent-licensing strategies of both projects exposed. In this stage, the concepts
defined and the R&D planning to be developed might be translated and adapted into
grant proposals, according to the terms and conditions of each program.

In our experience, the acceptance of a grant proposal of the R&D projects offers
an opportunity to identify a contradictory condition as the concepts became more
distant to basic research and moves toward a potential innovation, the funding was
scarcer. When a proposal was rapidly accepted in the first round, it became one of
the hardest gates to overcome in the following rounds.

Developing the R&D activities and evaluating the outputs: During the R&D
processes of both projects, diverse meetings for performing the follow-up of partial
results was established. Also, academic publishing, scientific articles, thesis, and
congress summaries were evaluated for keeping the patent strategy without a prior
publication.

Patent-licensing activities: The partial results of the R&D processes were analyzed
against the state of the art, technological trends, and sectorial information available
to define the patent strategy, drafting, and applying for protecting inventions in
countries that the current budget could support. It is important to notice that
implementing an international patent strategy could be very costly. Thus, R&D and
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patent-licensing activities compete for the available budget, creating a second
resource stage-gated process.

When the intellectual property strategy was set, and the patent applications were
filed; also a “technological package” starts its preparation. The technological
package includes various presentations about the new technology and related
products, prototypes, and their economic potential within the identified market
opportunities, without forgetting the risk management issues. Presentations in
congresses and specific forums were achieved, and specific information was dis-
tributed to potential licensors, investors, and users for retrieving their feedback. As
a result of these promotional activities, some interviews with top-level R&D per-
sonnel of national and international companies, potential licensors, and investors
were achieved, and licensing options kept open. We thought that by accomplishing
the required tasks of potential licensors, the product or the technology could get into
the licensing-investing negotiations, which was the hardest gate to open in the
complete cycle.

The final stage was retrieving the feedback into a new FFE-like process, to
enrich the concept definition for the next R&D -funding round. The feedback was
crucial for taking another decision. The feedback received from the AR1 project
allows us to be flexible about the concept definition of the project. We thought that
if the funding stage-gate had not been so restrictive, the project AR1 would have
reached the market earlier. On the other hand, although funding was not an
obstacle, insufficient user’s feedback on the project AR2 prevented the team from
reducing the technological risk.

External factors and risk management

Among the identified external factors that influenced the project’s development, the
most important one was the availability of financial resources and the intermittent
funding. The initial stages of concept definition and R&D planning demand few
resources in both projects, but the costs increase exponentially to develop the
laboratory proof of concept and move toward a real scale validation. In our
experience, funding shortage limited the R&D development, the IP strategy, and the
licensing efforts. Also, scarcity and intermittent funding produces a delay in the
project’s development and, therefore in their outputs. In both projects, the tech-
nological trends moved away from the market opportunities that were identified
within the concept definition stages.

Managing the risk of scarcity and intermittent funding seems to be not so hard
during planning stages, but is very hard to be tackled for performing R&D or
patent-licensing activities. It is important to notice that the amount of resources
define the activities that could be performed. While waiting for better times could
be an option, seeking alliances with higher risk investors (when available) could be
a solution for attracting the resources required to approach a potential licensing deal
or establishing a spin-off company. In these last options, it is required to have
realistic technological and financial estimations.

On the other hand, keeping constant surveillance of the evolution of different
competing technologies and products could mitigate the risk that involved the
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technological change. Hence, it is necessary to constantly observe the platforms and
products in the patent documents and the markets. While the information available
always will be imperfect, surveillance could capture some signals of a major
technological change event.

Next steps and future research

State-of-the-art, a technology landscaping, and patent activities have been scaled to
give attention to more than 20 projects in parallel within the IPICYT.
Simultaneously, some services were open to other academic institutions and
companies. Also, more than 20 workshops and short courses have been developed
in the past 5 years. The training was oriented to IP managers, researchers, and
graduate students, as well as R&D, and project management personnel of
companies.

Moreover, a new Active Research project is in progress, consisting of scaling-up
the AR capabilities to collaborate within a multi-institutional and multidisciplinary
project about bioenergetics.

In the patent-licensing path topic, a further action research is required in col-
laboration with academic institutions and companies. The purpose will be to
identify and analyze the influence of internal and external factors in different
organizational and historical contexts.

5 Conclusions

Applying the action research (AR) methodology to academic patent-licensing path
proved to be a valuable approach for simultaneously fulfilling institutional and
problem-solving objectives, without losing the focus on the organizational pro-
cesses and their influencing factors.

In this chapter, an AR program that included two projects was presented. The
projects were chosen from several others because (1) the IP and the R&D team’s
interaction were initiated with early basic scientific research findings. (2) The
projects developed through a ‘new product development’ (AR1), and a ‘new
technology development’ plus parallel ‘new product development’ (AR2). Finally,
(3) both projects achieved to go through national and international patent-licensing
activities.

From the analysis of the projects, we found (1) an iterative, stage-gated process
with clear steps, and (2) some internal and external factors that influenced the
projects. Both the process and the factors were discussed, seeking to share the
experience and learning process.
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Mass Customization Process M)
in Companies from the Housing Sector oy
in Brazil

D. C. Fettermann, G. L. Tortorella and Carlos M. Taboada

Abstract This paper aims at assessing how Mass Customization (MC) is being
implemented in housing companies throughout and a comparison with the rec-
ommended approaches existent in the literature. Based on this comparison, the
work identifies opportunities for improvement in the way the construction and
housing industry employs the MC strategy. The used method comprises of a
multi-case study with housing companies located in the northeast of Brazil. All
companies are undergoing the implementation of MC strategy. This study allows
managers from housing companies to address their product strategy to benefit from
the mass production while properly customizing their products to customers’ needs.
As a result, the research provides an argument to comprehend better the method-
ological differences between the recommended customization process and the
actual strategy from housing companies from developing economy countries, such
as Brazil.

Keywords Customization - Construction - Buildings - Developing countries

1 Introduction

Companies tend to increase the variety of the product portfolio available on the
market to meet the growing diversity of customer needs (Pine II 1993). However,
the simple adoption of this strategy results in a reduction of company’s operational
performance, since a larger portfolio can result in higher manufacturing and
overhead costs, inventory levels, and production lead times (Salvador et al. 2002).
This cost impact is also associated with the level of available customization. In
general, higher levels of customization are related to higher operating costs; while
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offering a wider range of products and services cover a greater number of customers
and their needs (Fogliatto et al. 2012).

The adoption of MC (Mass Customization) consists on the ability to provide
customized products through flexible production processes with high volumes and
low costs (Da Silveira et al. 2001; Tu et al. 2007). With the purpose to achieve the
customization benefits, customers should be seen as a unique and indispensable
resource for integrating the customization process (Peppers and Rogers 1997;
Gilmore and Pine II 2000). Sievdnen (2002) describes the process of MC as a
product differentiation that seeks to meet the individual needs of the largest number
of customers possible. Thus, MC could be understood as the challenge to meet the
individual needs of customers while maintaining the manufacturing efficiency at
similar levels to mass production (Jiao and Tseng 2004; Kumar and Phrommathed
2005). Although customers may desire a variety of product attributes, it is recom-
mended to limit the set of customization options to achieve economies of scale in the
manufacturing processes (Kotha 1996; Massyn et al. 2015). Therefore, it is
important for the company to identify which requirements are feasible to be cus-
tomized and align its portfolio with what customers would like most to customize
(Ahlstrdm and Westbrook 1999; Bentzien et al. 2012; Chakraborty and Das 2014).

In this sense, the application of MC strategy has been acknowledged as an
efficient alternative to manufacturing companies (Pine II 1993; Gilmore and Pine
1997; Da Silveira et al. 2001; Fogliatto et al. 2012). The literature reports the
implementation of this strategy, such as the manufacture of bicycles (Kotha 1996),
Hewlett-Packard (Feitzinger and Lee 1997), Dell Computers (Peppers and Rogers
1997), modular furniture, (Fettermann and Echeveste 2011), or automobile industry
(Bardacki and Whitelock 2004; Ro et al. 2007; Liao et al. 2013; Fettermann and
Freitas 2017). Further, this strategy has also been widespread in other sectors
beyond manufacturing, as the development of services (Voss and Hsuan 2009),
tourism (Cheng and Han 2013), and software development (Krueger 2001).

Additionally to these applications, some researchers emphasize that an oppor-
tunity is still latent for developing the MC strategy concerning the housing sector,
in which the goal is to provide quality housing at an affordable cost (Duarte 2005;
Hofman et al. 2006; Shin et al. 2008; Formoso et al. 2011; Rocha et al. 2012;
Kendall 2013). Studies applying MC in the housing sector are found in developed
economy countries, such as USA (Kendall and Teicher 2000; Willetts et al. 2014),
Great Britain (Barlow 1998), Taiwan (Tu and Wei 2013), Australia (Sahin et al.
2016), and Japan (Barlow et al. 2003; Noguchi 2013). Further researches investi-
gate the implementation of MC in the production of inputs for the housing industry
(e.g., Hofman et al. 2006; Halman et al. 2008; Shin et al. 2008; Nahmens and
Bindroo 2011). Despite this evidence, there is a wide variety of available recom-
mendations that hinder the development of this strategy in housing companies
(Rocha et al. 2012; Fettermann and Echeveste 2014).

Thus, this chapter aims at assessing how MC is being implemented in housing
companies throughout a comparison with the recommended approaches existent in
the literature. Based on this comparison, the work identifies opportunities for
improvement in the way the construction and housing industry employs the MC
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strategy. The proposed method comprises of a multi-case study with housing
companies that are undergoing the implementation of MC strategy and are located
in the northeast of Brazil. The comparison among the companies is
qualitative-based and provides a descriptive analysis of the opportunities and
similarities in the literature. As a result, the research provides an argument to
comprehend better the methodological differences between the recommended
customization process and the actual strategy from housing companies from
developing economy countries, such as Brazil. Besides the theoretical contribution,
this study allows managers from housing companies to address their product
strategy to benefit from the mass production, while properly customizing their
products to customers’ needs.

This study unfolds as follows. Section 2 provides a literature review on MC,
both in general and specifically within the housing sector. The third section presents
the description of the proposed research method, whose results are described and
discussed in Sect. 4. Finally, Sect. 5 presents the final remarks and further research
opportunities.

2 Mass Customization

MC objective is to attend a large number of customers and, at the same time, deal
with them individually (Davis 1987; Ulrich 1995; Blecker et al. 2003). With the
goal to competitively offer this higher variety of products, companies must develop
the capability of designing, producing, and marketing quality products in a short
time, and at an affordable cost to customers (Tseng and Jiao 2007). Therefore,
companies must invest in the standardization of products, while promoting the
variety of features valued by customers (Pine II 1993). According to the portfolio
strategy, companies can be classified into three different categories: (i) production,
(ii) semi-customized, and (iii) customized. Companies categorized into production
are directed to the advantages of production scale, producing standardized units in
less time and cost. The semi-customized companies analyze the feasibility of
customization unit attributes and provide a set of viable options to be customized.
These companies are the ones that usually have a higher possibility of imple-
menting the MC strategy. Finally, the customized companies offer customers
complete freedom for creating original and unique designs (Noguchi and
Hernandez-Velasco 2005; Massyn et al. 2015).

Despite the increasing value perception from customer’s perspective, to add
product options can also create chaos in the production processes (denoted as ‘mass
confusion’), reducing the competitive advantage of MC (Huffmann and Kahn
1998). Thus, companies must identify which product attributes are associated with
customers’ needs, and select the customizations that will attend such attributes
(Squire et al. 2004). Further, customers have increased their standard requirements
over time, and are less willing to limit their choice to standard products (Tseng and
Jiao 2007); entailing a value addition and greater customer willingness to pay for
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this customized option (Franke et al. 2010; Ulrich 2011). Such willingness tends to
allow higher profit margins for companies (Robert and Meyer 1991), and increased
customer satisfaction level (Jiao and Tseng 2004). However, excessive varieties of
options also result in higher costs in design, production, inventory, and logistics (Da
Silveira et al. 2001). To define what can be customized, companies must plan their
processes to efficiently meet the customization requirements (Rocha et al. 2012),
taking into consideration the aimed market scope and the most valued features by
customers.

The ‘customer focus’ is a term deemed as the ability of an organization to meet
customers’ needs with a high level of satisfaction (Zeithaml 1988; Barlow and
Ozaki 2003). The attributes are considered as variables that affect the buying
decision of a customer, e.g., product functionality, quality, brand, design, etc.
(Lihra et al. 2012). However, the price difference that customers can accept is
limited and depends on the perceived value by customization (Hart 1995; Huffmann
and Kahn 1998; Naderi et al. 2012). Additionally, the delivery time of customized
products cannot significantly differ from the standardized products, since customers
may assign considerable importance to the delivery time when deciding on pur-
chasing (Squire et al. 2004; Lihra et al. 2012). Pine II (1993) and Wang et al. (2015)
mention that customer value is the result of a balance between quality, cost, and
delivery time. From the company’s perspective, the customization process also
allows the interaction with customers, enabling the collection of market information
and establish customer loyalty (Piller 2004; Fogliatto et al. 2012).

To customize products, the establishment of the proper flow of information and
activities is necessary (Kumar and Phrommathed 2005). This flow incorporates
knowledge about the market behavior and translates it into specifications of design
and production. Several authors have proposed complementary methods for
addressing such flow more effectively (e.g., Gilmore and Pine II 1997; Duray et al.
2000; Da Silveira et al. 2001; Fettermann and Echeveste 2011). In general, these
methods comprise five steps to guide the customization process. The first step
determines the options that will be offered for customization. At this stage, it is
recommended to verify the need for customization of the product, the possibility to
customize it, and the availability of technology and logistics for production activ-
ities (Da Silveira et al. 2001; Fettermann et al. 2012; Fogliatto et al. 2012.).

In the second step, it is considered the way that customers define their choices
according to customization options. One of the main critical success factors for this
step is mapping the customers’ needs and translating them into custom product
design (Duray and Milligan 1999; Ogawa and Piller 2006). This process can be
carried out with the aid of a designer capable of supporting the customer during the
execution of the customized product design. Also, the customer project experience
during the customization process offers to customers a valuable experience (Franke
et al. 2010; Merle et al. 2010; Moreau 2011). The use of an Internet-based product
configurator has also been used for this purpose (Hellander and Jiao 2002;
Fettermann et al. 2012; Trentin et al. 2014). Step three aims at transferring the
customization options from the point of sale to the production processes. An
example to undertake this transfer is the modular furniture alternative (Fettermann
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and Echeveste 2014). The companies from this sector usually apply the CAD
software (PROMOB®) to identify the modules and forward the list of products for
the production through the use of EDI (Electronic Data Interchange) (Fettermann
and Echeveste 2011). The fourth step comprises of the transformation of the pro-
duction expectations, obtained from the previous step, into manufacturing
instructions (Da Silveira et al. 2001). There is a variety of tools to support this step,
such as templates for manufacturing cost optimization (Du et al. 2003), the use of
CAD and CAM technologies (Kotha 1996), and other manufacturing technologies
such as FMS—Flexible Manufacturing System (Fettermann and Echeveste 2011).
Moreover, more flexible production arrangements, such as manufacturing cells,
may also contribute to the production of custom items (Tseng and Jiao 1996).
Finally, the last step consists of the delivery and use of the product by the customer
(Lizarralde 2011).

Specifically, in the case of construction and housing companies, the application
of MC strategy has been recommended as a way to meet customer requirements,
who usually present higher purchasing power and wish to customize the room
according to their individual needs (Barlow et al. 2003; Karadimitriou 2005). In this
sense, construction and housing companies have been offering customization
options since the beginning of the construction (Elliman and Orange 2003). Thus,
the customization of housing has been an important business strategy to promote
the real estate market (Barlow and Ozaki 2003; Barlow et al. 2003; Noguchi 2003;
Noguchi and Hernandez-Velasco 2005). There are several determining factors in
the purchase decision of the customer, and most of them depend on the project
itself, such as location, environmental features, price, etc. It is still possible to sell
the internal space of the building, being it possible to be customized by the client
according to their needs (Roy and Roy 2016). Hence, the housing developments
provide a wide range of options for internal customization, such as finishing
improvements, automation tools, post-occupancy services, among others (Barlow
et al. 2003; Bentzien et al. 2012). Further, customization in housing industry should
consider both products and services. The products may be considered as attributes
determined by components and material specifications; while the design and con-
struction may be considered as part of services (Noguchi and Hernadndez-Velasco
2005; Naderi et al. 2012).

3 Method

This research investigates the customization process of housing companies for
housing development. This research can be characterized as exploratory, as it aims
to understand the phenomenon and provide more explicit knowledge (Denzin and
Lincoln 1994). A qualitative approach was used to understand the phenomenon
from the perspective of the participants that studied the situation. Thus, in-depth
interviews were conducted using semi-structured questionnaire (Denzin and
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Lincoln 1994) with representatives of the involved companies undergoing the
implementation of customization processes.

The questionnaire was elaborated to identify how housing companies carry out
each step of the MC process. Before the application of the questionnaire (see
Appendix A), a pre-test was performed to validate the proposed questions. The
questionnaire pre-test was conducted with two experts from the housing sector,
whose suggestions were collected and, later, incorporated into the questionnaire.

The studied housing companies are all located in the northeast of Brazil and
develop projects of semi-customized or customized categories of buildings. Twelve
medium-sized housing companies were identified in this region, whose projects fit
the aimed categories aforementioned. These companies are developing at least two
residential buildings simultaneously. Among these companies, we selected three of
them according to their willingness to participate in the research. The senior
managers of these companies were invited for a 90-minute interview, whose con-
tents were later transcript.

The obtained results were consolidated and descriptively presented to identify
the most frequent procedures used by companies to implement the MC.
Subsequently, a qualitative comparison is undertaken to raise improvement
opportunities within the studied companies.

4 Results

The characteristics of the studied companies are presented in Table 1. The portfolio
strategy of Companies A and C is mainly semi-customized, while Company B is
fully customized. Although all the participating companies are at least 10years
operating in this sector, two of them are usually involved with higher buildings
(from 18 to 20 floors) and one focuses on smaller residential buildings.

In the customization process, there is the release point (RP) in which the cus-
tomers’ specifications begin to be considered in the product design (Duray et al.
2000). Table 2 shows the RP according to the steps of the housing project in the
three studied companies. Companies A and C begin to include customers’ speci-
fications in the masonry demarcation stage, enabling the customization of the
subsequent activities according to customers’ needs. However, company B includes

Table 1 Description of the characteristics of the studied companies

Company A Company B | Company C
Number of employees 230 300 178
Operating time (years) 10 40 28
Number of floors limit of residential | 18 2 20

buildings

Customization type Semi-customized | Customized | Semi-customized
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customers’ specifications since the stage of ‘acquisition of the land’, giving them
complete freedom to develop their project.

Previously, the Company A has given total freedom to the customer change the
floor finish, walls, provision of sanitary appliances and masonry through the sub-
mission of a project carried out by a qualified professional; however, this procedure
has been abandoned by the company. In turn, the company allowed customers to
select the arrangement of masonry according to a predefined set of options, which
were based on previous experiences. Company B is responsible for land sales and
offers complete freedom to customers for hiring engineers and architects to cus-
tomize their units. The only limitation for customizing concern the urban require-
ments established for the location, such as setbacks, the height of the building,
occupancy, and the utilization rate. Further, Company C sets the customization
options catalog according to the characteristics of the project and previous expe-
riences. The customer can select from a set of options the interior of the building,
without interfering with the building structure. Among the three studied companies,

Table 2 Comparison of the release point (RP) of the studied companies

A B C Company

X 1. Land acquisition

. Development of standardized projects

. Leasing foundation

. Implementation of infrastructure (shoe)

. Implementation of the structure (columns and slabs)

. Demarcation of masonry (layout plant)

. Pipe installations

. Sanitary pipe
. Drain pipe of splits

>
>
Ol (o u|s v

—
(=)

. Wiring apartments

—
[

. Gas installation

—_
[\

. Settlement coating

—_
|95)

. Plaster lining

—
N

. Floor regularization cemented

—
V)]

. Settlement coating (floor and baseboard)

—_
[=))

. Bench application

—_
~

. Application of granite filets on the floor of the box

—
e}

. Painting (wall and ceiling)

—_
Nl

. Application of the tanks in services

[N
(=]

. Settlements of the doors of the apartments

N
—_

. Sanitary ware installation

N
[\S)

. Installation of metal fittings

[N
(98]

. Showers installation

[\
B

. Breakers installation and mirrors
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no structured method or technique was identified to defining the building attributes
that will be available for customization.

According to the Company A, historically, changing the location of the masonry
is the customization most requested by customers, followed by changes in electrical
points, hydraulic points, and floor finish. Therefore, any customization request
includes the analysis of its technical feasibility and its effect on the cost of the
company’s product. At Company B, the project units are offered so the customer
can use the same or completely different project, as long as it respects the estab-
lished urban requirements. While providing freedom for customization, a qualified
professional should do the housing project and the company should carry out its
implementation. Company C sets a deadline for customizing the unit, which is
performed based on an available set of attributes options. Overall, the completion of
units’ customization is carried out by professionals from outside the companies.

Regarding the information transfer, all companies manage it manually, using
paper for this communication. This communication is accompanied by the design of
the building and performed by an engineer or architect. In the case of Companies A
and C, the data transfer is mainly performed in the digital form. In Company B, due
to the higher level of customization available, the customization project is trans-
ferred directly to the professional responsible for the project, mainly occurring in
digitized form. Further, in Company A, any customization request must go through
a technical feasibility analysis. This analysis, especially regarding the architectural,
electrical, and hydraulic design, is performed by the company’s projects depart-
ment; subsequently, the customized project is approved by the customer.
Company C undergoes a situation similar to company A, which is primarily per-
formed a compatibility analysis of custom design with the original project design.
Then, the custom design is available for the implementation of production. In the
case of company B, since it is fully customized, there is a predefined template
project, entailing that the cost of labor and productivity will be defined only by the
customer’s choice. The client designs according to his needs with the professional
of his choice, while the company engineering carries out the analysis and translation
of specifications for production instructions.

Further, although company A does not provide any post-employment service,
customer demand was mentioned by this type of service and business opportunity
for the company. Company B, despite offering a higher level of customization also
does not provide any post-employment service. Company C offers the possibility of
customizing some attributes after the delivery of the unit after evaluating the
request.

Table 3 synthesizes the characteristics of the customization strategy of the
companies and compares them with the literature recommendations at each step of
the MC process. From this comparison, it was possible to identify that several of the
recommendations mentioned in the literature are not applied in the studied com-
panies. Thus, few development opportunities have been indicated for the companies
according to each step of the customization process. None of the mentioned
opportunities had its financial assessment carried out.
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Table 3 Comparison of companies’ MC strategy and the recommendations in the literature

Recommendations

| Authors

| Cases

Opportunity

Step 1—Definition of options

Identify customizable
items of greater
value-added
capabilities

Da Silveira et al. (2001);
Tseng et al. (2010); Jiao et al.
(2003), Gemser and Perks
(2015)

Evaluation of
customization
requests from
previous
ventures

The development of a
product family, with
customizable items the
building most valued by the
client allows the company
greater standardization of
options keeping production
scale advantages

Study of market
segmentation

Drejer and Gudmundsson
(2002);Jiao et al. (2003);
Grenciand Watts (2007)

It is not carried
out by
companies

The market segmentation
study may contribute to the
companies to provide a set of
customizable items with
greater ability to add different
value for each market
segment/enterprise

Integrating the sales
process to the design
of new projects

Da Silveira et al. (2001); Jiao
et al. (2003); Helander and
Jiao (2002)

It is not carried
out
systematically
by companies

Direct contact with the
customer during the sales
process is an important
source of market behavior of
the information and can be
used in defining customizable
items the next developments

Set a portfolio of more
optimized
customizable
attributes

Meyer and Lehnard (1997);
Bare and Cox (2008)

Evaluation of
customization
requests from
previous
ventures

Identify customization items
that can be standardized
between the different projects
of the company, obtaining
greater benefits of scale of
production

Using standardization
methods for
(communalization)

Simpson (2004); Jiao and
Tseng (2000); Robertson and
Ulrich (1998)

It is not carried
out by
companies

The use of formal methods of
standardization of
components contributes to
reducing the number of items
(part numbers and SKUs) to
be managed by the company

Step 2—Data transfer from customers’ requests to production

Online configurator
system to perform the
customization unit

Franke and Piller (2003);
Fogliatto and Da Silveira
(2008); Franke et al. (2010);
Fettermann et al. (2017)

It is not carried
out by
companies

The possibility of the
customer himself perform the
customization project is
mentioned as a value added
to the product factor and can
be supported by the product
configurator

Develop a support
configuration process
(Decision Support
System)

Jiao et al. (2003); Tseng and
Jiao (2007)

It is not carried
out by
companies

The provision of auxiliary
projects for the customization
of dwellings such as
architectural design services,
auxiliary projects, furniture
design, and decoration can
contribute to add value to the
product

(continued)
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Recommendations

Authors

Cases

Opportunity

Develop a support
configuration process
(Decision Support
System)

Tseng and Jiao (1996);
Hellander and Jiao (2002);
Salvador and Forza (2004);
Grenci and Watts (2007);
Barco et al. (2017)

It is not carried
out by
companies

Show the customer a
procedure to perform the
property customization may
contribute to the
customization process,
supporting the client during
the selection of options

Three-dimensional
functionality in the
product module

Dai et al. (2003)

It is not carried
out by
companies

Helps customers have a
broader view of its
customization options; see
the product before assembly
or manufacture

Step 3—Data transfer from customers’ requests to production

Use of EDI systems
for communication
between the point of
sale and production

Da Silveira et al. (2001)

It is not carried
out by
companies

An integrated system
between the project sector
and production can provide
greater flexibility in the
production process of the
company

Step 4—Translation of customers’ requests for design and production instructions

Manufacturing Cells

Tseng and Jiao (1996)

It is not carried
out by
companies

The manufacturing concept
cell may be transferred to the
custom designed area,
wherein each cell is
responsible for the
customized design of a
specific environment of the
housing

Use systems for
customization of cost
optimization

Du et al. (2003)

It is not carried
out by
companies

Generic BOM matrix
(Bill of Material)
(GBOM)

Zhang et al. (2005)

It is not carried
out by
companies

The knowledge about the
variety of products is
organized and there is a
master process

(MP) knowing the variety of
the process. It is generated a
production planning and
corresponding matrices to
manage relations between
GBOM and MP. It also
contributes to the analysis of
the customization of
feasibility

Step 5—Delivery of the

customized product and its use

by the customer

Providing
customization
post-occupancy
services

Lizarralde (2011), Enshassi
et al. (2014), Feng et al.
(2015)

Held partially by
the company C

The availability of
customization services such
as floor changes, masonry,
electrical and finishing
services. Also, customization
design service after the
product occupation and
during their use stage is also
a possibility for companies
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5 Contributions to the Theory

Mass customization in the building industry is a relatively new concept
(Khalili-Araghi and Kolarevic 2016). The literature review indicated several
options for actions during the various stages of the housing customization process.
Mass customization in the building industry is a relatively new concept
(Khalili-Araghi and Kolarevic 2016). The literature review indicated several
options for actions during the various stages of the housing customization process.
Among the practices identified in the literature, the greatest number of practices was
verified in the first step of the customization process, named as ‘definition of
options’. In this phase, many opportunities were identified for increasing the value
of customizable items (Da Silveira et al. 2001; Tseng et al. 2010), market seg-
mentation (Grenci and Watts 2007), use of sales information for new projects (Jiao
et al. 2003; Helander and Jiao 2002), optimization of customizable option’s port-
folio (Bare and Cox 2008) and communalization methods (Simpson 2004; Jiao and
Tseng 2000).

In the case of industrialized products, such as modulated furniture, automobiles,
among others, the MC strategy is mainly supported by the application of modularity
in the product (Wang et al. 2014; Zhang et al. 2014). In the Mass Customization of
buildings, it was verified that this strategy is little supported by the modularity of
the products, particularly for the cases studied. These cases present traditional
constructive techniques, based on reinforced concrete and without the use of
industrialized structural elements. In these cases, the characteristics of construction
do not allow the same advantage of scale with the use of modularity as other
industrial products. Despite that, the advantages with the application of MC in
buildings are immense. In this sense, the identification of the customizable items
that most add value to the customer is presented as an important factor for MC
(Tseng et al. 2010). Another opportunity is the possibility of customization of the
product in post-sale time (occupation) (Lizarralde 2011; Enshassi et al. 2014; Feng
et al. 2015). The long life cycle of the product (housing) allows the application of
several cycles of customization, unlike other industrial products. This possibility
allows added value to the customer through the housing customization during the
guarantee time of building.

6 Contributions to the Practice

This research shows some opportunities to develop the MC strategy in the building
sector (Table 3). The literature recommendations for MC in housing are presented
according to the five stages of the customization process (Fig. 1). This review
allows the selection of the most appropriate practices for the implementation of MC
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sion?
leverage for the company?
on

o P products and senvices?

E =

Product Platform

Product families

Stndard components utlization

Companents can change to produce new products

Define the options Client choses based Client's order data Translate client's Customized product
1 catalog to be offered 2 accordingly to the transfer to choices to project deliver and
to clients options offered by manufacturing and manufacturing installation to the
the company instructions client
Enablers for Mass Customization

Manufacturing Technologies Design Technologies Process and methodologies
CAM (compuler-aided-manulacluring) CAD {compuler-aided-design) Agile manufacluring
CNC {compuler numeric cantrol) CAE [compule d-engineenng) Agile design methodologies
CIM (compuler inlegraled manulacturing) CAPP (computer aided process planning) Lean manufacturing
FMS {flexible manufacturing systems) AR (augmented reality) Supply Chain management
EDI (elelrenic dala inlerchange) simulalion Proeduct and manulacluring design orienled
GT (group lechnalogy) Approaches and technologies for cuslomer
RFID {Radio-Frequency [Dentification) involvement
Robolics
Industry 4.0 and Internet of things

Fig. 1 Interface mapping between client and production for a customizable product

strategy in the company. In general, companies analyzed in Brazil do not apply the
MC practices recommended in the literature. However, all studied companies
pointed the use of MC strategy as beneficial to their business. As in other devel-
oping countries, Brazil has a high housing deficit (D’Ottaviano 2014). The lack of
housing in the country still does not require companies to use strategies, such as
MC, to add value to their products (buildings). Thus, the use of policies for
reducing Brazilian housing lack, as in other developing countries, may contribute to
the greater use of MC by building’s companies.

7 Final Considerations

This study aimed to identify how the mass customization process is undertaken in
housing companies and compare it with the recommended process in the literature.
A multi-case study was conducted in three different housing companies located in
the northeast of Brazil to identify differences between the methods and techniques
applied by companies and recommended by the literature as a way to identify
improvement opportunities for companies in the sector. Due to the scope of the
MC, it was possible to identify several practices employed in other sectors that can
be adapted and have satisfactory results for MC in housing. The results identified
several opportunities for improvement, especially during the first two steps of the
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customization process. These steps aim at identifying the customization possibilities
and present them to the customer. Most of the improvement opportunities identified
for these steps do not require significant investment for their implementation. Also,
they tend to use information already available in the company or easily accessible
from their customer database. From this, the information collected from the market,
obtained mainly during the sales process, provides a systematic manner in the
project design process to contribute to the development of MC strategy by the
studied companies.

Among the three housing companies where the study was undertaken, it was
identified that the quantity of methods and techniques used is still low. Still, few
methods and techniques are formally applied in a structured and systematic way,
reducing the benefits of its application. Further, it was identified several develop-
ment opportunities for companies in the sector, such as market segmentation
studies, online configurator systems, and providing post-employment services.
The MC in housing can be further studied and improved, bringing new technolo-
gies, especially for the treatment and subsequent use of the information received by
customers in the MC process in the housing units. As a recommendation for future
work, we suggest the application of this diagnosis in housing companies from other
regions, including developed economy countries, so that results can be widely
compared.

Appendix A

Questionnaire for construction companies that apply the Mass Customization
strategy.
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IDENTIFICATION
Identification of the applicator: date: _ /

[ __ questionnaire number:

Construction company: Interviewee's position:

Give your opinion on these issues:

What is the number of employees in the construction process? And in the area of management?
What is the construction company's time of operation?

At present, how many projects does the construction company have?

Does the construction company operate in any other region? And city?

What is the number of floors of the building?

How many units are per floor?

In your opinion, how would you classify the customization offered by the company? Semi-
Customized or Customized?

The release point (RP) is the point in the production process where the customer's specifications
are considered and where product customization is effectively started. In what stage is the con-
struction company's DP?

Land Acquisition

Elaboration of the Standardized Projects

Foundation Lease

Infrastructure Execution

Execution of the Structure (columns and slabs)

Demarcation of Masonry (Layout of Plants)

Facilities Piping

Pipes and fittings

Split's Drainage Piping

Wiring Apartments

Gas installation

Coating Settlement

Plaster Liner

Cement regularization floor

Laying Coating (Floor and Footer)

Bench Top Application

Application of granite fillets on the floor of the box

Painting (Wall and Ceiling)

Application of tanks in the service areas

Apartment Doors Settlements

Sanitary ware installation

Installation of sanitary fittings

Shower Installation

Installation of Breakers and Mirrors

What and how many options are given to the customer to choose from in each unit? (Finishes,
Walls, Floors, Number of Rooms)

How are these options mentioned above defined? Is there any tool or method for this?

In your opinion, is there a need for more product options to meet customer demands? What types
of options should be used?

In relation to services, the clients request some type of service that the constructor can not attend?
What types of services should be incorporated?

Would the company sell more units if it could or offer more alternatives for customization? Do you
think it is good to include these options in the construction?

With regard to the services and products that may occur in the post-occupation of housing? Such
as, changing masonry, finishes, lighting? Does the company offer support and options for unit cus-
tomization?

What requests or type of customer requests are not usually answered by the company? For what
reasons?

—

—

—

—

—

—

—
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Which product choice choices are most often made by customers?

N

How is the choice made by the customer? Is there any difficulty or problem during this process?
What is the source of this contact?

Salesman

Computer interface

Another

N

What is the orientation that is given to the client to choose the alternatives of customization?

A}

In your opinion, would the use of a program that allows the customer to simulate how the customi-
zation alternatives would be useful for the company and for the customers?

What is the procedure for transferring customer request data to the building?

What are the means of communication used for this transfer?

Are there problems / errors related to the transfer of these requests?

WlW|W|Ww

When the customer chooses some alternative that is not provided in the options catalogue, how
does this request take place?

What are the main difficulties encountered in meeting the variety of customer customization needs?

Which functional sectors of the company are most involved in this process?

Is there any manufacturing technology to support the customization process?

EENESNEY

For customized homes, how is production organized and programmed? Are there any differences
from standardized ones?

Does the company apply any of these processes or methodologies? Could these processes or
methodologies help the company meet customized demand?

Agile manufacturing

Lean production

Customer-oriented design and manufacturing

Supply chain management

Product development process

Product Platform

Modularization

Cite others

N

Is there a difference in deadlines for the delivery of a customized and a standardized unit? Justify.

o

How does the construction and delivery of the customized unit to the customer take place? Is there
any follow-up to this process?

Does the company monitor the use, reuse or alteration of the housing unit after delivery?

(6]

Is there any product / service provided by the company after the sale and delivery process?

About Customization

Comments

113
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Abstract Companies require highly qualified electricians because they have to be
competitive in a globalized world and a changing environment. Additionally, they
have to face the generational change, since knowledgeable personnel is in the
retirement process, and new human resources have to be trained to get the
required competencies: knowledge, skills, and attitudes. Talent management is
concerned with employee recruitment, development, and administration, and
suggests the integration of learning as a fundament for talent management
strategies. We have developed a training model, which provides online and per-
sonalized instruction within the talent management framework based on three
axes: knowledge, skills, and attitudes. The training model aims to complement
traditional training with computer-based training. An important aspect of the
model is an intelligent training system. This intelligent system adapts the
instruction relying on a trainee model, which represents the state of the trainee.
The trainee model includes knowledge, skills, attitudes, affect, and learning styles,
and it is built as the trainee interacts with the training system. Emotions are
recognized using facial expressions and training situation. An animated agent who
uses the trainee model to show emotions and empathy presents the instruction.
Here, we present the training model, and we discuss the current results in the
implantation of the training model.
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1 Introduction

Talent management is increasingly an essential process in modern companies as
they compete in a globalized world. Talent management is concerned with to
identify, attract, recruit, retain, and produce the most talented employees available
in the job market and to achieve the objectives of the organization (Cunningham
2007). Talent management involves employee recruitment, development, and
management, where learning becomes an important driver of these processes.
Companies have to look beyond traditional learning activities, because learning
happens in several ways within an organization and across generations (Ruiz-Hau
2017).

Talent management systems comprise of several processes related to training
and development of personnel. More than 45% of learning executives of
high-impact learning organizations value the incorporation of talent management as
one of their key training policies (Bersin 2009). In this way, training is a strategic
tool to provide knowledge, develop skills, and change attitudes for performance
improvement aligned with talent management and strategic planning.

In the electrical field, as in many other domains, training is imperative because
its procedures involve a high risk of accidents resulting in arc flash and electric
shock, among other risks, which can injure workers. Similarly, accidents would
break electrical equipment and damage installations. Another aspect is that expe-
rienced personnel are in retirement process and the knowledge has to be transferred
to novice workers. And, most of the times, there is a gap between the required
competencies and the competencies of new employees.

Traditional training has been successful; however, it is expensive, takes a lot of
time, and it is not available in a continuous way. Electricians need ongoing training
on normal and abnormal situations. However, there are several restrictions, for
example, electrical installations are not available for training because they are in
production on a regular basis. Moreover, the personnel have to take productive days
to travel to training centers, which become training into an expensive process.

On the other hand, although training is carefully planned and executed, work
accidents still happen. This situation could be due, to a large degree, to human
factors such as attitudes and emotions, which are involved in behavior and learning.

There are several situations in the context of work and training where attitudes
are key to the result since attitudes act as a filter where only the important things for
the individual go through the filter. Attitude is a psychological concept; it is a
mental and emotional state, which characterizes the person. It also is called a
hypothetical construct, a concept that cannot be observed directly but can be only
inferred from the actions of the people (Perloff 2017). In this way, attitudes are
involved in the behavior of the personnel and, therefore, in their reactions to certain
circumstances. For example, if workers have a positive attitude toward learning,
then training takes place in a shorter period and with successful results. Likewise, it
is necessary that people have a positive attitude toward safety aspects to avoid
accidents at work. Attitudes are the result of individual life, education, rising,
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and are influenced by the surrounding reality; they change continuously thorough
experiences.

On the other hand, emotions are central to motivation and consequently for
learning. Several studies state the importance of emotions in almost every aspect of
human life (Damasio 1996). Some of the most important aspects are creativity,
decision-making, and communication. Communication is an important piece of
learning, so it is needed to understand instruction not only from conventional
learning but also as a communication process where, as we already mentioned,
emotions play an influential role (Reeves and Nass 1996). Therefore, in a training
environment, it is necessary to understand which emotional states are relevant for
learning and motivation, such a way they are recognized and shown to the trainees,
and to act in consequence to support trainees in the learning process and also to try
to motivate them according to particular training states. Furthermore, it is imper-
ative to understand which pedagogical actions promote a positive emotional state
and which are pedagogically suitable considering the specific trainee (Hernandez
et al. 2015).

Another key aspect of training is the learning styles since it is recognized that
every person prefers different techniques, methods, and modes of learning.
Learning styles classify general approaches in which people learn. Every person has
a combination of learning styles; however, some individuals have a preferred
learning style over the other learning styles. Other people benefit from different
styles in different situations. Dominant learning styles drive the people learning
progression. Also, learning styles change how people represent experiences inter-
nally, how to recall memory, and how people choose words (Willingham et al.
2015).

These human factors can improve learning if they are considered in the planning
and design of the training. Therefore, they can be included in the development of
intelligent training systems to complement the traditional training and to allow
distance training and self-training. Including attitudes, affect, and learning styles
provides adaptive training. That is to say, the training can be personalized according
to particular needs of each person.

For several years, we have worked in a framework for talent management as a
fundamental base for competitiveness and innovation with encouraging results. In
this chapter, we describe the overall framework and how its components are con-
nected. We have work in companies related to electric industry to probe our
research. However, the models we have proposed are applied to almost any domain
since all companies require well-trained personnel.

We have worked on a training model for talent management. An important
component of the model is composed of intelligent training systems for several
electrical fields. The intelligent system adapts the instruction relying on a trainee
model, which represents the state of the trainee. The trainee model includes
knowledge, skills, attitudes, affect, and learning styles. The student model relies on
Bayesian networks (Sucar 2015) and it is built as the trainee interacts with the
training system. The trainee emotion is recognized using facial expressions and
training situation. The facial expression recognizer relies on neural networks and
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the theory of Ekman and Friesen (1978). Training situation is used to recognize
emotions as stated in the OCC model (Ortony et al. 1988).

An animated agent who uses the trainee model to show emotion and empathy
presents the instruction with the purpose to have a more natural interaction. We
incorporated these constructs in the training model to foster social interaction and to
obtain believability. In this way, trainees can be engaged, and hence their learning
could be improved.

With the training model and intelligent systems complementing the training we
have composed a blended training framework, aiming to allow distance and
self-training. This training model allows training more people, in less time and with
fewer costs. Also, it responds to the needs of energy sectors, which demand several
thousands of workers to be skilled in the diverse topics of the electrical field
(SENER, SEP and CONACYT 2014).

In this paper, we present the training model, we describe its components, and we
discuss the current results in the implantation of the training model. The rest of the
chapter is organized as follows. In next section, the training model is described.
Then, the following sections depict the intelligent training system and its compo-
nents. Finally, conclusions and future work are presented.

2 Training Model for Talent Management

It is well known that human resources constitute the most valuable active resources
of organizations, since they have to do all the processes, and consequently they
have an important impact on conclusive outcomes. For that reason, companies pay
attention in the design of mechanisms to administer their human resources,
specifically strategies for talent management. In corporations, the combination of
talent management and learning represents an important tendency in corporate
development and learning (Bersin 2009).

A talent management model has been implemented, as a way to achieve the
strategic objectives and it is aimed to have the maximum value creation for the
company, customers, employees, and society.

The main actions to achieve these strategic objectives have been a training
program, to maintain and to enhance human capital, but also to promote learning
and innovation. Throughout the years, a significant effort has been deployed to train
and to develop human capital in all the processes of electricity. These efforts are
primarily focused on training and the achievement of academic diplomas or
degrees, but also, as an incentive for value input through the proposal of innovative
developments as fundamentals for competitiveness.

Training programs are then established to ensure the acquisition of knowledge in
the personnel, skills, and attitudes to improve performance in their functions and
tasks on their current appointment and the following superior appointment.

Recently, some research on emergent methodologies and technologies supports
training for competencies development and traditional training. The study
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underlines e-learning systems, blended models, and intelligent systems for per-
sonalized learning (Rodriguez et al. 2011).

Consequently, to develop strategies to manage human resources and, more
specific, strategies for talent management is crucial to any company. We have
designed and implemented a Talent Management Framework based on four axes:
involvement in training, experience at work, a contribution of added value, and
academic degrees. In Fig. 1, the Talent Management Framework is shown.

Training is a fundamental axis, and it is a foundation for the other axis due to its
importance and impact on the human resources performance. Companies have
recognized its importance and have considered training as a strategic activity. Also,
companies have realized that their productivity depends, in no small extent, on the
human resources, which, in turn, require an efficient training program. Training
strategies are more important when the integrity of people is threatened by potential
accidents. The electrical domain involves the threat of arc flash, and electric shock,
among other risks for workers. Additionally, accidents could harm electrical sys-
tems, equipment, and installations.

In light of talent management, we propose a training model, which consists of
complementing traditional training with intelligent systems that provide efficient
and personalized training. The customized training is achieved by considering
several states of the trainees. In this way, we have a training model based on
fundamentals of blended learning integrating three elements: (i) classes with a
certified instructor in the classroom, (ii) an intelligent training system, and (iii) field
practice with certified electricians. Figure 2 shows the training model.

The blended training model aims to provide a practical, quick, secure, and
inexpensive training. The blended training model is based on the traditional training
programs. Classical training in electrical domains is composed of theoretic and
classroom courses, and field practice in actual electrical installations.

With the first constituent, the classroom courses, trainees have interaction with a
certified instructor, which instructs them about electrical concepts and procedures in

Fig. 1 A talent management
model. The model is based on
four axes: training, working
experience, value
contribution, and academic
development (Hernandez

et al. 2012)

Talent

Management
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Intelligent training
systems

=

Trainee Classroom Field practice

Fig. 2 Training model. The model consists of (i) classroom classes, (ii) intelligent training
systems, and (iii) field practice, in this way a blended learning framework is composed

the classroom. The second constituent of the blended model consists of intelligent
training system, which supports the classroom courses. With these systems, trainees
strengthen electrical concepts and execute procedures in a graphical environment.
The third constituent in the field of practice is a real scenario. When workers have
attended and approved the required classroom courses, they are ready to perform an
auxiliary position, helping certified electricians to conduct electrical procedures;
this activity represents a field practice in real environments.

The instructor designs the classroom course. He selects topics to be taught in the
course, and also the instructor plans the course in the intelligent training system.
However, the teaching and testing materials are already designed in the system. The
big challenge for instructors is to communicate his working experience besides to
teach the theoretic concepts.

In a distance learning modality, in the intelligent training system, trainees
practice the electrical procedures, and also they can evaluate their progress. The
blended model looks for personalized training, taking into account personal and
particular requirements of trainees. With this aim, we have developed a route map
to achieve such intelligent training (Hernandez et al. 2016a, b).

Next sections depict the intelligent training system and their components.

3 Intelligent Training System

Due to the danger involved in electrical procedures, the curricula to train electri-
cians are rigorous and comprehensive. Trainees have to attend and to approve
classroom courses, but also they have to practice in electrical installations under the
close supervision of a certified electrician. This training methodology is expensive
in time and money since trainees spend many days attending courses and
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developing field practice. Several training systems have been developed to support
the traditional training in different electrical fields. For example, functioning and
maintenance of high-voltage overhead power lines (Ayala et al. 2016), electrical
tests to substation primary equipment (Hernandez and Pérez 2016a), for mainte-
nance tests to protections (Hernandez and Pérez 2016b), and for electricity distri-
bution substations operation (Hernandez et al. 2016a, b). We are working on the
integration of the intelligent training systems in these developments.

The intelligent training system helps to have shorter periods of training since
trainees can practice electrical procedures before to have field practice, and the
training is adapted to particular needs of trainees. Thus, trainees learn the electrical
concepts and practice the procedures included in the course by interacting with an
animated pedagogical agent in the intelligent training system, besides attending the
course and having field practice. The training system includes virtual environments,
which represent accurately electrical scenarios, and the procedures are performed
following standard procedures using animations. The instructor experience stated
how environment and animations are built and presented. For instance, the pro-
cedure states that the electrician has to wear safety gear, but the instructor expands
the instruction stating that all the elements of the procedure have to be identified.
Thus, the trainees can observe, analyze, and think about safety aspects.

We designed the architecture of the intelligent training system considering the
components of the architecture of classical intelligent tutoring systems (Woolf
2008). These systems adapt the instruction to particular needs using a student model
(Sottilare et al. 2013), which represents the student state. Figure 3 shows a diagram
of the intelligent training system and its interactions with trainee and instructors.

The system is composed of trainee model, trainer module, electrical knowledge
module, and the interface module. The trainee model is an important constituent of
the intelligent training system; it is built as the trainee interacts with the intelligent
training and it records results of practices. Additionally, the instructor updates the

Intelligent training system

Interface Trainee model

module o —
Profile:
Learning style Knowledge
attitudes
— Adaptive

Trainee
— — Electrical knnwledge

o Instructor
module
Teachln Teshn
Actions e 8 Handbooks Field performance
Trainee Behavior materials | materials Course design
Facial expression i

Material design
Voice Instructors

Trainer module

Fig. 3 Intelligent training system architecture. The system is composed of four main components:
training model, electrical knowledge module, trainer model, and an interface module. This
architecture is based on the intelligent tutoring systems classical architecture



126 Y. Hernandez et al.

trainee model taking into account the performance of the trainee in class and the
practice field. The instructor uses the instructor module to update the trainee model.

The trainee model is a representation of the knowledge and emotional states of
trainees. This representation includes the profile of the trainee, and it comprises
attitudes and learning styles. With the base on the particular electrical topic, the
intelligent training system adapts the instruction and the practice to the performance
and knowledge of the trainee. Also, the system can suggest reviewing specific
procedures steps or to studying specific topics. The trainee model is also helpful for
instructors since they can modify the instruction in the classroom, to adjust the field
practice, to recommend trainees to attend other training courses, and, finally, to
concede a certification with the base on the information in the model. Moreover, the
trainee model is helpful to design new courses, new teaching materials, and new
testing materials and to redesign training courses and material.

The intelligent training system includes a virtual environment, which is a
graphical representation of the electrical environment, which enables the practice in
realistic environments before to practice in real electrical installations. The training
system provides a safe environment to practice and learn without the risks of
damaging people, expensive equipment, or facilities.

The virtual environment also includes an animated pedagogical agent, which
deploy emotions and empathy to instruct accordingly. The agent shows empathy
based on the emotions of the trainee stored in the trainee model. Our proposal for
the agent includes the characteristics of electricians; for example, the agent fulfills
the safety and institutional requirements such as wearing the safety helmet and
uniform, among other features. This research has been guided by the assumption
where we think that the characterization of the animated agent as an electrician help
to trainees welcome the training environment. Also, empathy is a design attribute
for the agent, which can understand other people and their emotions. We have
integrated empathy to obtain credibility for the agent and trainees’ commitment
(Hone 2006).

The electrical knowledge database includes training, and testing material
designed by experts in several areas such as pedagogy, graphics designers, pro-
grammers, and, of course, in the electrical domain. The knowledge domain was
obtained by interviewing experts and instructors in the specific electrical field.
Experts stated how they perform the electrical procedures, and the best way to teach
them based on the experience. Then, this resource is the formal training to be an
instructor.

The knowledge module consists of a repository containing a representation of
how an expert would execute the electrical procedures. 3D models added with
animations, text, and audio represent this knowledge. The experts, who used an
understandable language to promote learning, write the explanations. The expla-
nations contain references to handbooks for extending them and for promoting
knowledge and use of regulations. Empirical knowledge is also included in this
component in the form of additional information; this knowledge is the result of
experience rather than standard procedures. The explanations are also recorded in
audio for reinforcing learning.
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A repository of questions about tests is also included. The questions are written
and structured taking into account pedagogical strategies for evaluation developed
by experts. Figure 4 presents a diagram showing the different elements involved in
the construction of the knowledge domain.

The module of the instructor permits instructors to design training courses
considering the structure of the domain knowledge. Thus, an instructor selects
which and how many electrical topics and procedures to be included in a course.
The design is based on the knowledge of the trainees, represented in the trainee
model. The instructor also designs the theoretic exam through the questions data-
base and choosing appropriate items to be integrated into the assessment.

In next section, we describe our proposal for the trainee model based on affect,
attitudes, and learning styles; then we describe how we model them.

4 Trainee Knowledge Model

The trainee model is a structure, which represents the current state of trainees. This
model is updated as trainees attend courses, attend lessons, practice, and set exams.
For the knowledge side, it considers electrical topics learned, correct and incorrect
clicks in practice activities, outcomes of the theoretic review, and right and inac-
curate clicks in the practical evaluation.

The trainee model is dynamic; it is built according to the trainee progress. This
structure is constructed while the electrical knowledge model for the course is
passed through. Thus, we rely on an overlay student model (Woolf 2008), where
the knowledge of the trainee is a subset of the knowledge of the course, which, in
turn, is a subset of the knowledge of the expert. Figure 5 presents the structure of
trainee knowledge model.
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Fig. 5 Trainee knowledge model. The trainee model is composed of the electrical procedures
included in the course

The trainee model is used in the practice activities. When a trainee is learning a
method, he must visit all the steps sequentially; he cannot move toward a step not yet
learned previously. However, when he is practicing, he can review any step he wants,
traversing the tree in the order he wishes, since the tree represents his knowledge.

Electrical procedures are arranged into a sequence of steps to promote learning
of safety aspects since omissions are dangerous in real work; safety regulations
must not be neglected. It is worth to mention that while an electrical procedure is
not fully learned, trainees cannot start learning another procedure. This restriction
reinforces organized learning of electrical procedures and also avoids possible
misunderstandings.

Besides modeling knowledge of the trainee, personal traits such as personality,
affect, attitudes, learning styles, and so on, could be modeled to provide a more
adaptive instruction. In parallel, we already have developed an affective trainee
model based on the contextual information; basically, it considers the results of the
interaction between trainees and the training system. We are still working on
integrating this model into the intelligent training system.

5 Emotion Recognition

This chapter proposes to incorporate information from several sources to obtain a
more precise affective state. We include knowledge about sources of emotions and
their observable outcomes. The sources of emotions include training setting and
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trainees features, while observable outcomes of emotions include facial expressions
and voice. We are working on integrating electroencephalogram signals. The trai-
nee model relies on a dynamic Bayesian network (DBN), which associates available
evidence with emotions in a probabilistic way. The DBN representing the affective
trainee model is shown in Fig. 6, This is a high-level representation since where the
vertex is composed by a group of vertices in the comprehensive model.

5.1 Emotions Through Contextual Information

To model the reasons causing emotions, the affective trainee model relies on the
OCC Cognitive Model of Emotions (Ortony et al.1988). This model provides a
causal appraisal of emotions taking into account information about context. In this
way, emotions emerge as the consequence of the cognitive assessment of the
present situation considering the goals of the individual. The affective state of the
trainee represented by a DBN is shown in Fig. 7. This DBN is an abstract repre-
sentation of the model since each vertex in the DBN is composed by a group of
nodes in the comprehensive DBN. This proposed model is based on the research by
Conati and Maclaren (2009), and on our earlier research (Hernandez et al. 2012).

Emotions are dynamic as they are changing constantly as a consequence of the
changing environment. This dynamic behavior of emotions is supported by the
DBN. At time t,;, the emotions are inferred considering the trainee’s knowledge,
personality, and the training setting at that time, as well as the emotions of the
trainee in the previous time. The training settings are explained considering the
results of the trainee’s actions.

The trainee’s cognitive assessment of the current situation-given relevant goals is
represented by the edge between the goals and the training setting vertex through
the satisfied goals vertex. The edge connecting the satisfied goals vertex and the
affective state vertex represents the impact of the cognitive process on the trainee’s
emotions.

The OCC model states that individual’s goals are central to determine emotions,
however requesting trainees to express their goals during a training session would
be disturbing since they are concentrated in the learning process. Subsequently, in

Fig. 6 Affective trainee
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Fig. 7 Dynamic Bayesian network representing the affective student model with base on
contextual information (Hernandez et al. 2016a, b)

our model goals are deduced considering information from indirect evidence from
several sources. We rely on personality and trainee knowledge to predict the trai-
nee’s goals.

We model the students’ affect based on the causes of the emotions. However,
sometimes this representation could have not enough information to provide an
accurate emotional state. Therefore, we are working on integrating on observable
parameters such as voice, facial expressions, and electroencephalogram
(EEG) signals.

5.2 Emotions Through Facial Expressions

Considering consequences of emotions, expressions of the face are one means to
identify emotions. Emotion detection is made by extracting special face features
and by identifying facial expressions. Our approach is based on Ekman’s theory
(Ekman and Friesen 1978), where human emotions are anger, disgust, fear, hap-
piness, sadness, surprise, and neutral. They are also known as basic emotions. The
method for doing the detection of facial expressions has three steps: face identifi-
cation, feature extraction method, and emotion classification. To build the face
detection step and the feature extraction method we worked with open source like
OpenCV, a computer vision library. Also, the Neuroph library was used for clas-
sification. Next section describes the procedure to recognize affect in human faces.

A technique named “Haar-like feature cascade” (Viola and Jones 2001), was
used to identify three human features: face, eyes, and mouth. After the human face
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is identified, eyes and mouth are then recognized. We produced regions of interests
(ROI) around the features we are searching for. After the ROIs and features are
located, we applied several transformations to the human face. The transformations
are necessary to improve the location of components of the face like edges and
distances between face parts (e.g., distance between the left eye and right eye). The
modifications of the human image are also important because we eliminate aspects
like image colors that are not necessary for the classification.

The method of feature extraction produces a set of 10 values needed to feed the
artificial neural network. The network was first trained with a part of the corpus
RaFD (Langner et al. 2010) that contains more than eight thousands of human
faces. The human faces are from men and women with different ages and acting or
posing in different emotions. Figure 8 shows the complete process of feature
extraction and classification using a neural network produced with Neuroph. The
output of the network (output layer) is the current emotion.

After training the neural network, we tested the network with another part of the
RaFD corpus. After evaluating the neural network, we obtained a success rate of
85%. We can say that the network is now ready to be integrated into the training
model.

5.3 Emotions Through Voice

The human voice has also been used to define emotions as stated by Han et al.
(2014). In our proposal, an audio file is divided into small segments to train a neural
network (Zatarain-Cabada et al. 2016). The first step is the segmentation of audio
file, which consists of finding the appropriate acoustic segments units for the
classification process. The next step is the extraction of characteristics to find
acoustic signals that best describe an emotion where each segmented acoustic unit
is represented as feature vectors. In this method, there are two very critical

Face Detection and
Feature Extraction

Input Layer

Hidden Layer

D B Happiness

Emotion

Fig. 8 Feature extraction and emotion classification for facial expressions using a neural network
(Hernandez et al. 2016a, b)
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Fig. 9 Method for recognizing emotions in voice via audio files processing

variables: intensity and valence. The model identifies the valence of the audio,
positive, or negative.

A total of 45 audio files from 9 different subjects were used, where each audio
file is classified as positive or negative. From the audio files, the characteristics are
extracted using its spectrogram with the musicg library (Emotiv 2016) to obtain the
parameters to train a support vector machine (SVM) of the LibSVM library (Chang
and Lin 2011). Our proposal for emotion recognition in voice is depicted in Fig. 9.

5.4 Emotions Through EEG Signals

Recognition of emotions can be done using a headband that emits electroen-
cephalographic (EEG) signals. This type of devices can be very effective for finding
signals in real time.

In our proposal, we use an Emotiv Epoc headset (Emotiv 2016). In this model,
the valence of emotion is identified through EEG signals obtained from an edf file,
which is generated after a session using the headband and the Human—Computer
Interface of Emotiv Epoc. The Emotiv Epoc Headband offers 16 information
channels from different parts of the brain as shown in Fig. 10.

To properly select the channels of the headset, we considered the work of
Mahajan et al. (2014) and the work of Liu et al. (2011). After several experiments,

Fig. 10 Information
channels of Emotiv headset.
The information of AF3, F3,
F4, FC5, and FC6 channels
are used to recognize relevant
emotions (Emotiv 2016)
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Fig. 11 Emotion recognition model using EEG signals

we selected AF3, F3, F4, FC5, and FC6 channels because they are the closest to
human emotions (Zatarain-Cabada et al. 2016). The main feature extracted from
EEG signals is the Hurst Exponent, which is used in time series analysis to identify
the unstable behavior of EEG signals to identify trends in the data. The Hurst
Exponent was chosen for the good results, 71.38%, shown in Wang et al. (2014).

The training dataset was obtained from experiments carried out with an affective
Tutoring System to learn Java programming and with a group of 10 students. All
test students were shown small videos to induce emotions as they resumed their
brain information (Barron-Estrada et al. 2015).

We trained a SVM with the information obtained from the 10 subjects, which
were classified in positive, negative, and neutral. Our proposal for emotion
recognition via EEG signals is depicted in Fig. 11.

6 Animated Agent

We have developed an animated pedagogical agent, whose actions will be based on
the inferred emotional state of the trainees to exhibit an empathic behavior.

Activities in the training system are presented to trainees via an animated agent.
The animated agents are an important movement in the achievement of a more
natural human—computer interaction (Breese and Ball 2008). These agents interact
with the students using a wide range of nonverbal behavior such as emotions, gaze,
deictic gestures, and facial expressions directly. At the same time, animated agents
accompany students cohabiting learning environments. Animated pedagogical
agents impact significantly the learning environments, because users have the
impression that they are interacting with a human and not with a computer (Sagae
et al. 2012); as a result, trainees observe a different behavior from a traditional
system, and similar to human behavior. Animated pedagogical agents present some
behaviors that are exhibited by intelligent tutoring systems as well. However,
animated pedagogical agents also exhibit some behaviors which are particular of
these characters, such as to demonstrate complicated tasks, to observe and help the
trainee in the performance of the procedure, and to guide trainees in virtual spaces
(Wang et al. 2008).
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Fig. 12 An animated agent is depicting different facial expressions based on the basic emotions
proposed by Ekman and Friesen (1978). Upper, left to right: happiness, sadness, and anger.
Bottom, left to right: surprise, disgust, and fear (Hernandez et al. 2016a, b)

To develop the agent, we are using the characteristics of operators, such as
wearing uniform and safety helmet, among other features. We believe that by
representing the tutor as an electrician, operators will accept the training environ-
ment, as it is more natural for electricians and hence useful for learning. Figure 12
shows the animated agent who is depicting different facial expressions based on the
basic emotions proposed by Ekman and Friesen (1978).

Our initial approach to foster positive emotional states in users is focusing on the
development of an emphatic agent. Empathy is the capacity and a gift to realize,
comprehend, and feel the emotions of other people. This concept is integrated into
animated agents in order to achieve credibility, social contact, collaboration, and
commitment of the user (Hone 2006). Initially, the animated agent exhibits the
identified emotions in trainees according to the emotion model already described.

To assess the present design of the animated agent, we surveyed to collect
information to refine the agent in his physical characteristics and his capability to
express emotions (Herndndez et al. 20164, b). This investigation provided us with
knowledge, which we are using to enhance the agent aspect, for instance, they
stated the convenience of having several agents with different physical character-
istics and genres such a way users can choose it. All participating people coincided
with the benefits of an animated pedagogical agent in the learning process.
Concerning the three-dimensional representation of the agent, who is representing a
certified instructor wearing the obligatory uniform, the majority of participants
stated that it helps inexperienced workers to become familiar with the training and
the working environment. However, there were some opposing views on the
physical performance of the agent, but these opinions have to do with faults on the
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agent, which can be worked out by upgrading the agent. Accordingly, the majority
of participating individuals considered animated pedagogical agents as a strong
element of the training environment. Participants also stated some recommenda-
tions to advance in the design of the empathic agent; they proposed to customize the
agent according to particular learning contexts, this is according to the specific
training situation where different capabilities of the instructors are required. In the
development of the agent, we assume that the physical aspect of the agent, similar
to a real instructor dressed in uniform, would benefit his acceptance. The results of
the study verified this hypothesis even when it was not explicitly included in the
survey.

The results of the study were useful indicating the effectiveness of emotions
physical realization. Results indicated that the participants clearly and easy iden-
tified sadness, happiness, and surprise, while some discrepancies arise on the
recognition of anger and disgust.

7 Attitude Model

Human resources constitute the most valuable, active resources of any organization
since they have the knowledge and experience of all activities and, consequently,
they have a solid impact on the concluding outcomes. Therefore, it is required to
design methods for the training and retention of personnel. These methods must
allow personnel to achieve the required profiles for the good performance of the
company.

Attitudes have a strong impact on the formation of competencies and values, as
they have to do with affect, beliefs, and behavior. Affect involves feelings that
people experience and may or may not refer to a particular object or event. Beliefs
are knowledge about the probability that an object or event is associated with a
given attribute. Behaviors are defined as the actions of an individual. Each of these
individual phenomena is fundamental to create attitudes and transform existing
attitudes. Likewise, attitudes have a reciprocal impact on affect, belief, and behavior
(Bohner and Winke 2002).

In the literature, we can find diverse descriptions of attitude, and these defini-
tions, or most of them, coincide on their characteristics: they are shaped throughout
individual life, change continuously, and they are guided by the encompassing
environment and reality. Human attitudes are composed of three elements: feeling,
thought, and behavior. Attitudes emerge as the outcome of the standards, principles,
and values that precede them. Attitudes are a tendency to evaluate objects, events,
and people, either positively or negatively (Bohner and Wénke 2002). Human
attitudes reflect the way in which people feel about someone or something or in
certain circumstances, and they foresee the trends of people to behave in a particular
manner. They are related to the mental structures built in childhood and which are
strengthened continuously in everyday life.
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Fig. 13 The configuration of attitudes in the model of attitudes (Hernandez et al. 2012)

We have implemented a model of attitudes to identify and relate attitudes and
behavior in work with the training needs of the staff. The configuration of attitudes
in the attitudes model is presented in Fig. 13.

The implementation of a model for attitudes management requires the identifi-
cation of relevant attitudes for the work environment and the tasks, responsibilities,
and roles of the personnel. Among the relevant attitudes for the work are learning,
tolerance, commitment, loyalty, service, responsibility, safety, and teamwork, among
others.

There are several approaches and theories of measurement of attitudes, including
numerical and axiomatic. The numerical approach consists of scales of attitudes.
While the axiomatic approach evaluates some probing hypotheses on the rela-
tionship between traits (Morales 2006).

In this work, we take the numerical approach, and particularly, we used Likert
scales (Likert 1932), since they are relatively simple to construct and to answer. We
wanted a straightforward method for attitudes measurement in such a way people
could feel comfortable and could respond freely.

The Likert scales take advantage of the classic measurement of personality traits
in the measurement of attitudes: the total sum of the responses to a series of items
that measure, or express the selfsame characteristic positions of the individual in the
attitude (characteristic) being measured. This measurement method only assumes
that the answer for each item is a function of the position of individuals in the
attitude (continuous variable) being measured: the greater the agreement, or dis-
agreement, the more the individual has the trait being measured (Morales, Urosa
and Blanco 2003).

In Table 1, an extract of a Likert scale to measure attitude toward learning atti-
tudes is shown. This example contains three items and five possible answers. The
responses of the individuals express the extent of agreement with the items, which
express opinions. Commonly, a Likert scale contains about 20 items to be considered
am acceptable scale. However, some scales could contain any number of items.

Apparently, a measurement scale of attitudes looks similar to a questionnaire,
but they have some significant differentiation. The main distinction strives in that a
questionnaire consists of questions that are analyzed independently, whereas an
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Table 1 Examples of Likert scale. Measurement of attitude toward learning

Please select the answer indicating Strongly Agree Do Disagree Strongly
how much you agree or disagree agree not disagree
with each statement know

1 I invest time and money in X

training because I consider it
is a good investment

2 | I attend training courses to X
get out of the routine

3 I study only when I have an X
exam

attitude measurement scale consists of items that convey the selfsame characteristic
or attitude, there is a relationship between the items, and whose answers are
summed in an amount indicating in which extent the person has that attitude.

The correlations between the items must be positive, and the shared variance
among the items is related to the attitude. The test theories in personality tests and
academic performance apply the Likert scales (Morales 2006; Morales et al. 2003).

To construct a scale, we formed teams of experts that know people intended to
answer the scale and also they have to know the attitude being measured. The
process to construct a scale of attitudes consists of the stages: (1) to describe the
attitude to be measured, (2) to build the instrument for measurement, mainly to
write down the items, (3) to gather data from a representative sample of the pop-
ulation conducting a pilot study, and (4) perform a statistical analysis of the study
results (Morales 2006; Morales et al. 2003).

The procedure for measurement scale construction starts when a mutual defi-
nition of the attitude is established. After that, the items of the pilot scale have to be
written. The pilot scale is applied in a pilot study with a representative sample of the
population. In the pilot survey, data are obtained to carry out statistical tests and to
establish which items will compose the definitive scale. Statistical tests consist of
Student’s t-test (Zimmerman 1987) and coefficient Cronbach’s o (Cronbach 1951,
Tavakol and Dennick 2011).

In the literature, there are many examples of measurement scales for different
purposes and attitudes, which could be used, in diverse studies. However, we
decided to construct the Likert scales for our model because they must be planned
and designed specifically for the people who are intended to respond, and con-
sidering the mission, vision, and objectives of the company.

To decide which attitudes include in the model, we review the literature to find
which attitudes are relevant to work. Also, a team of experts, who know the energy
process, the company and personal define the attitudes in this work context and decide
which attitudes include in the model. The current model of attitudes consists of nine
attitudes: learning, safety, work behavior (work satisfaction, commitment to work, or-
ganizational commitment), responsibility, service, perseverance, loyalty, and leadership.

Currently, we are working on a computational model for attitudes, for the time
being, we measure them by Likert scales.
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8 Learning Styles Component

In the literature different learning theories, which present approaches about how
individuals acquire new knowledge, conceptions, and skills can be found. These
approaches state diverse and even opposing perspectives about learning; for
instance, there are theories center on learners, and there are some theories centered
on educators. Learning styles theory states that every single person possesses
personal and specific approaches and preferences to acquire and discover knowl-
edge, and also emphasizes that people comprehend and process informative
material in very dissimilar manners. Therefore, this theory affirms that the learning
process is more related to how the individual learning style is approached than with
the intelligence of the people. Researches have proposed various learning styles
models including the Felder—Silverman learning Styles Model (Graf and Kinshuk
2007; Blouin 2010; Felder and Silverman 1988). This renowned and largely
exploited model is the base for our proposal.

The Felder-Silverman model proposes four categories of learning styles:
sensing/intuitive, visual/verbal, active/reflective, and sequential/global.

The active individual acquires knowledge as a result of applying the available
information and enjoys teamwork. The reflective individual acquires knowledge as
a result of thinking in silence and favors to work on his own. The sensitive person
appreciates to study and decipher problems with well-established methods and does
not like difficulties. The intuitive person favors prefers and relationships discovery,
appreciates innovation and dislikes repetition. The visual individuals retain what
they look: photographs, figures, diagrams, timelines, pictures, and presentations.
The verbal person grasps knowledge from words, that is, from written and spoken
explanations. The sequential individual understands concepts in progressive steps
and achieves solutions following logical routes step by step. The global individual
understands concepts in big leaps and resolves complex problems once he has
captured the general view.

We base the learning style identification on the Soloman and Felder question-
naire, which comprises of 44 items (Felder and Soloman 1993).

In the implementation of our learning styles proposal, we have applied a rules set
based on the approach of Savic and Konjovic (2009). Rules consist of a set of
teaching instructions for each learning style (Hernandez and Rodriguez 2011).

These instruction rules can be applied in intelligent training systems since they
are relatively easy to implement. However, to apply these rules means that every
explanation, lesson, question, and exercise has to be developed eight times, that is,
we need eight different versions of teaching material according to the teaching
instructions. In our study case, this effort is acceptable as there are many potential
trainees for every learning style who can take advantage of the individualized
learning (Hernandez and Rodriguez 2011).
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9 Conclusions

Latin American utility companies have a complex situation since they have to be
competitive in a globalized world and a changing environment. Therefore, utility
companies require highly qualified electricians with positive attitudes. However,
they face a challenging situation: the generational change. The knowledgeable
personnel are in the retirement process, and there is a gap between the present and
required competencies of new human resources. Therefore, they have to be trained
to get the required competencies in knowledge, skills, and attitudes.

Additionally, facilities demand trained personnel because the electrical proce-
dures are dangerous, and accidents can occur damaging personnel, equipment, or
both. Therefore, they have to be trained in normal and abnormal situations on a
continuous basis.

Aiming to have practical training, we propose a training model for talent
management. Talent management is a key factor in the operation of any organi-
zation. Training is an important element of talent management. Our training model
is based on blended learning basics as it is composed of classroom classes, intel-
ligent training systems and field practice, such a way that traditional training is
complemented with intelligent training systems. Consequently, the system supports
instructors when teaching the electrical procedures.

The intelligent training systems provide adaptive and personalized instruction
considering several traits and states of employees: knowledge, affective state,
learning styles, and attitudes.

Emotions and attitudes are central to have successful training and to reduce
work-related accidents. We proposed to integrate several sources to recognize the
affective state of the trainee. We have modeled emotions by taking into account
contextual information, facial expressions, voice, and EEG signals. We have sep-
arated models from these sources, and we are in the process of integrating these
models in a multimodal affective framework.

We have constructed an attitude model consisting of relevant attitudes for work
and attitude measurement scales. We take a numerical approach, by using Likert
scales. Currently, we are working on measuring the attitudes of the employees
toward new technologies. These attitudes have a big impact on the acceptation and
success of the intelligent training systems; therefore, it has to be considered in the
training programs. Also, we are working on conceptualizing a computational model
to measure attitudes automatically.

In our proposal, we considered the learning styles of trainees as proposed on the
Felder-Silverman learning styles model. We are in the process of building the
different versions of the lessons as proposed by the learning styles theory. Since
there is a big amount of prospective trainees for different learning styles, we believe
that this effort is reasonable.

An animated agent presents personalized instruction, which deploys empathy
considering the current emotion in the trainee. We have evaluated the agent design
and behavior. The results are encouraging since participating individuals stated
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positive opinions about how animated agents could improve learning and moti-
vation in trainees.

With these training models, we are trying to focus traits, needs, and aspirations
of people in such a way we have elements which allow the company a smooth
shifting from talent management to people management. People management is
focused on culture, engagement, environment, leadership, empowerment, and fit
(Bersin 2015).

In this chapter, we have described our work and experiences with electrical
domains. However, the models we have proposed are applied to almost any domain
since all companies require well-trained personnel and with positive attitudes.

In conclusion, we propose a blended training model based on these three axes:
knowledge, skills, and attitudes, to provide adaptive and distance training in a talent
management framework for the energy sector. For time being, we are working into
integrating them into a unified platform. However, we have encouraging results in
the development and evaluation studies. The aim is to have efficient training in less
time and fewer costs.

References

Ayala, A., Galvan, 1., Arroyo, G., Perez, M., Muioz, J., & Rodriguez, E. (2016). Virtual reality
training system for maintenance and operation of high voltage overhead power lines. Virtual
Reality, 20(1), 27-40.

Barron-Estrada, M. L., Zatarain-Cabada R., Aispuro-Gallegos, C. L., Sosa-Ochoa, C. G., &
Lindor-Valdez, M. (2015). Affective environment for java programming using facial and EEG
recognition. Research in Computer Science, 106, 39—47.

Bersin, J. (2009). Talent management: a training strategy, E-learning!, February 17th. Retrieved
April 2017, fromhttp://www.2elearning.com/top-stories/item/2404-Talent-Management-A-
Training-Strategy.

Bersin, J. (2015). Why People Management is Replacing Talent Management, Insights on Corporate
Talent, Learning, Leadership, and HR Technology, January 25th. Retrieved April 2017, from
http://joshbersin.com/2015/01/why-people-management-is-replacing-talent-management/.

Blouin, T. (2010). Felder-Silverman Learning Styles Model. Retrieved 2015, from http://chat.
carleton.ca/ ~ tblouin/Felder/felder.html.

Bohner, G., & Winke, M. (2002). Attitudes and attitude change. Sussex: Psychology Press.

Breese, J. S., & Ball, G. (2008). Modeling emotional state and personality for conversational
agents. Technical report. MSR-TR-98—41.

Chang, C., & Lin, C. (2011). LIBSVM: A library for support vector machines. ACM Transactions
on Intelligent Systems and Technology, 2, 1-39.

Conati, C., & Mclaren, H. (2009). Empirically building and evaluating a probabilistic model of
user affect. User Modeling and User-Adapted Interaction, 19, 267-303.

Cronbach, L. J. (1951). Coefficient alpha and the internal structure of tests. Psychometrika, 16(3),
297-334.

Cunningham, I. (2007). Talent management: making it real. Development and Learning in
Organizations, 21(2), 4-6.

Damasio, A. R. (1996). El error de Descartes, Andrés Bello, Santiago, Chile.

Ekman, P., & Friesen, W. (1978). Facial action coding system: A technique for the measurement
of facial movement. Palo Alto: Consulting Psychologists Press.


http://www.2elearning.com/top-stories/item/2404-Talent-Management-A-Training-Strategy
http://www.2elearning.com/top-stories/item/2404-Talent-Management-A-Training-Strategy
http://joshbersin.com/2015/01/why-people-management-is-replacing-talent-management/
http://chat.carleton.ca/%7etblouin/Felder/felder.html
http://chat.carleton.ca/%7etblouin/Felder/felder.html

A Talent Management Model for Innovation ... 141

Emotiv (2016). Epoc headset. Retrieved 2016, from https://emotiv.com/epoc.php.

Felder, R. M., & Silverman, L. K. (1988). Learning and teaching styles in engineering education.
Journal of Engineering Education, 78(7), 674-681.

Felder, R. M., & Soloman, B. A. (1993). Learning styles and strategies, NCSU.

Graf, S., & Kinshuk (2007). Providing adaptive courses in learning management systems with
respect to learning styles. In Proceedings of World Conference on E-Learning in Corporate,
Government, Healthcare, and Higher Education 2007 (pp. 2576-2583).

Han, K., Yu, D., & Tashev, I. (2014). Speech emotion recognition using deep neural network and
extreme learning machine. In Proceedings of Interspeech 2014, (pp. 223-227).

Hernéndez, Y., & Pérez, M. (2016a). Virtual reality systems for training improvement in electrical
distribution substations. In Proceedings of 16th International Conference on Advanced
Learning Technologies and Technology-enhanced Learning, ICALT 2016. IEEE Press.

Hernandez, Y., & Pérez, M. (2016b). Adaptive and blended learning for electrical operators
training with virtual reality systems. In Proceedings of the Sth International Conference on
Computer Supported Education (CSEDU 2016) (Vol. 1, pp. 519-524).

Hernandez, Y., & Rodriguez, G. (2011). Learning styles theory for intelligent learning
environments. In A. Verbraeck, et al. (Eds.), memorias de CSEDU 2011 (Vol. 1, pp. 456—
459). Netherlands: SciTePress.

Hernandez, Y., Sucar, L. E., & Arroyo-Figueroa, G. (2012). Affective modeling for an intelligent
educational environment. In A. Pefia-Ayala (Ed.), Intelligent and adaptive educational-
learning systems: achievements and trends. Smart innovation, systems and technologies
Springer book series (pp. 3-24). Berlin, Heidelberg: Springer.

Hernandez, Y., Arroyo-Figueroa, G., & Sucar, E. (2015). A model of affect and learning for
intelligent tutors. Journal of Universal Computer Science, 21(7), 912-934.

Hernandez, Y., Pérez-Ramirez, M., Zatarain-Cabada, R., Barron-Estrada, L., & Alor-Hernandez,
G. (2016a). Designing empathetic animated agents for a B-learning training environment
within the electrical domain. Educational Technology & Society, 19(2), 116-131.

Hernandez, Y., Pérez, M., Ingram, W., Nava, E., & Ontiveros, N. (2016b). Architecture of an
intelligent training system based on virtual environments for electricity distribution substations.
Research in Computing science, 129(1), 63-70.

Hone, K. (2006). Empathic agents to reduce user frustration: The effects of varying agent
characteristics. Interacting with Computers, 18(2), 227-245.

Langner, O., Dotsch, R., Bijlstra, G., Wigboldus, D., Hawk, S., & van Knippenberg, A.(2010).
Presentation and validation of the Radboud Faces Database. Cognition & Emotion, 1377—
1388.

Likert, R. (1932). A Technique for the Measurement of Attitudes. Archives of Psychology, 140,
44-53.

Liu, Y., Sourina, O., & Nguyen, M. K. (2011). Real-time EEG-based human emotion recognition
and visualization. Transactions on Computer Sciences XII, 6670, (256-277) (Cyberworlds).

Mabhajan, R., Bansal, D., & Singh, S. (2014). A real time set up for retrieval of emotional states
from human neural responses. World Academy of Science, Engineering and Technology, 8(3),
144-149.

Morales, P. (2006). Medicion de actitudes en psicologia y educacion. Madrid: UPCO.

Morales, P., Urosa, B., & Blanco, A. (2003). Construccion de escalas de actitudes tipo Likert: una
guia prdctica. Madrid: La Muralla.

Ortony, A., Clore, G. L., & Collins, A. (1988). The cognitive structure of emotions. Cambridge
University Press.

Perloff, R. M. (2017) The Dynamics of Persuasion: Communication and Attitudes in the
Twenty-First Century, Routledge.

Reeves, B., & Nass, C. (1996). The Media Equation: How people treat computers, television and
new media like real people and places. Cambridge University Press.

Rodriguez, G., Hernandez, Yasmin, & Paredes, 1. (2011). Emerging technologies for electric
power generation personnel training. In A. Magadan (Ed.), memorias de CERMA 2011
(pp. 445—-449). Los Alamitos: IEEE Press.


https://emotiv.com/epoc.php

142 Y. Hernandez et al.

Ruiz-Hau, J. (2017). What is learning’s role in talent management?, Chief Learning Officer,
January 17th. Retrieved April 2017, fromhttp://www.clomedia.com/2017/01/17/learnings-role-
talent-management/.

Sagae, A., Hobbs, J. R., Wertheim, S., Agar, M., Ho, E. & Johnson, W. L. (2012). Efficient
cultural models of verbal behavior for communicative agents. In Proceedings of International
Conference on Intelligent Virtual Agents (pp. 523-525).

Savic, G., & Konjovic, Z. (2009). Learning style based personalization of SCORM e-learning
courses, In Proceedings of 7th International Symposium on Intelligent Systems and Informatics
(SISY 2009) (pp. 349-53). IEEE.

SENER, SEP & CONACYT. (2014). Programa Estratégico de Formacion de Recursos Humanos
en Materia Energética Secretaria de Energia, Secretaria de Educacion Publica Consejo
Nacional de Ciencia y Tecnologia. Retrieved April 2017, from https://www.gob.mx/sener/
acciones-y-programas/programa-estrategico-de-formacion-de-recursos-humanos-en-materia-
energetica-pefrhme-7732.

Skymind. (2016). Musicg. Deep Learning, Spectrogram. Skymind. Retrieved 2016, from http://
deeplearning4j.org/canovadoc/musicg/extension/Spectrogram.html.

Sottilare, R., Graesser, A., Hu, X., & Holden, H. (2013). Design recommendations for intelligent
tutoring systems: Learner modeling (Vol. 1). Orlando, FL: Army Research Laboratory.

Sucar, E. (2015). Probabilistic graphical models: Principles and applications. Springer.

Tavakol, M., & Dennick, R. (2011). Making sense of Cronbach’s alpha. International Journal of
Medical Education, 2(2011), 53-55.

Viola, P., & Jones, M. (2001). Rapid object detection using a boosted cascade of simple features.
In Proceedings of the IEEE Computer Society Conference on Computer Vision and Pattern
Recognition, Kauai: IEEE Computer Society.

Wang, N., Johnson, W. L., Mayer, R. E., Rizzo, P., Shaw, E., & Collins, H. (2008). The politeness
effect: Pedagogical agents and learning outcomes. International Journal on Human-Computer
Studies, 66(2), 98-112.

Wang, X. W., Nie, D., & Lu, B. L. (2014). Emotional state classification from EEG data using
machine learning approach. Neurocomputing, 129, 94-106.

Willingham, D. T., Hughes, E. M., & Dobolyi, D. G. (2015). The scientific status of learning styles
theories. Teaching of Psychology, 42(1), 266-271.

Woolf, B. P. (2008). Building intelligent interactive tutors: Student-centered strategies for
revolutionizing e-learning. Morgan Kaufmann.

Zatarain-Cabada, R., Barron-Estrada, M. L., & Muifoz-Sandoval, G. (2016). PREMOC:
Plataforma de reconocimiento multimodal de emociones. Research in Computing Science,
111, 97-110.

Zimmerman, D. (1987). Comparative power of student T test and mann-whitney U test for unequal
sample sizes and variances. The Journal of Experimental Education, 55(3), 171-174.


http://www.clomedia.com/2017/01/17/learnings-role-talent-management/
http://www.clomedia.com/2017/01/17/learnings-role-talent-management/
https://www.gob.mx/sener/acciones-y-programas/programa-estrategico-de-formacion-de-recursos-humanos-en-materia-energetica-pefrhme-7732
https://www.gob.mx/sener/acciones-y-programas/programa-estrategico-de-formacion-de-recursos-humanos-en-materia-energetica-pefrhme-7732
https://www.gob.mx/sener/acciones-y-programas/programa-estrategico-de-formacion-de-recursos-humanos-en-materia-energetica-pefrhme-7732
http://deeplearning4j.org/canovadoc/musicg/extension/Spectrogram.html
http://deeplearning4j.org/canovadoc/musicg/extension/Spectrogram.html

The Role of ICT in Educational )
Innovation ot

Pedro Garcia-Alcaraz, Valeria Martinez-Loya,
Jorge Luis Garcia-Alcaraz and Cuauhtémoc Sanchez-Ramirez

Abstract In this chapter, the importance of the Information and Communication
Technologies (ICT) in education is emphasized, and a case study describes their
integration into a higher education institution, specifically, the Instituto Tecnologico
de Colima. Since ICT are considered a tool to innovate teaching practices, as well
as providing the possibility of including new didactic strategies that arouse the
interest and motivation of students to improve the quality of teaching-learning
processes inside and outside of the classroom. The case study reports a survey
integrated by 43 items related to ICT, which was administered to 469 students of
the Instituto Tecnologico de Colima. Using the WarpPLS Software v5.0, the causal
relationships that exist between the uses of ICT (independent variables) and the
benefits obtained when using ICT (dependent variables) were analyzed. After the
analysis, it is concluded that there is sufficient statistical evidence to ensure that
academic uses have a direct and positive impact on students’ performance,
improving the grades and their psychological state.
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1 Introduction

Nowadays, using Information and Communication Technologies (ICT) is essential
in the teaching-learning process, since many systems are used to disseminate
knowledge, store, and distribute information between students and teachers. In that
sense, the following concepts provide a better understanding of innovations in the
education system.

1.1 Educational Innovation

Education plays a significant role in the future of human beings. In this sense,
Ausubel and Colbs (1990; cited by Santamaria, Quintana, Milazzo, y Rodriguez
2005) define education as the set of knowledge, methods, and orders by which the
individual is assisted to develop and improve the intellectual, moral, and physical
faculties, that is, he or she is taught to survive in the real world. In this regard, Le6n
(2007) considers that education seeks the perfection and human security. Hence, the
most intricate education’s autonomy: education seeks to secure freedom for man,
but education demands discipline, submission, conduction, and is guided by signs
of compulsion, even authoritarianism, firmness, and directionality.

In this sense, in every educational process, the teaching-learning process must be
innovated. Understanding innovation as the introduction of changes that produce
improvement, changes that respond to a planned, deliberate, systematized, and
intentional process (Salinas 2004). Likewise, for Fullan y Stiegelbauer (1991; cited
by Salinas 2008) the processes of innovation attributed to improvements in the
teaching-learning processes involve changes related to the incorporation of new
material, new behaviors, different teaching practices, new beliefs, and conceptions.

According to Barraza (2005), etymologically the word innovation derives from
the Latin innovare, which is derived from novus (new). Meanwhile, Arias (1996)
considers that the word innovation derives from the Latin noun irnovatio. Its
etymology is novus, which forms the basis of an extensive lexical field: novo,
novitas, novius, renovo, renovatio, renovator, innovo, and innovatio. But, what is
educational innovation? Several authors define these concepts as a group, for
example, Cafial del Leon (2007, cited by Arias 1996), considers that educational
innovation is

A set of ideas, processes, and strategies, systematized, through which it is intended to
introduce and cause changes in the current educational practices. Innovation is not a
punctual activity but is a process, a long journey that stops to contemplate life in the
classrooms, the organization of the centers, the dynamics of the educational community and
the teachers’ professional culture. Its purpose is to alter the current reality, modifying
conceptions and attitudes, altering methods and interventions, thus improving, or trans-
forming, as appropriate, teaching and learning processes. Innovation, therefore, is associ-
ated to change and has a component (explicit or occult) that could be ideological, cognitive,
ethical and affective, since innovation appeals to the subjectivity of the individual and to the
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development of its individuality, as well as to the inherent relationships between theory and
practice in the educational act.

Consequently, in all processes of educational innovation, the use of Information
and Communication Technologies (ICT) is essential; these are defined according to
Garcia-Valcarcel (2003; cited by Pérez and Fernandez 2005) as

The set of technologies that allow the acquisition, production, storage, processing, trans-
mission, recording and presentation of information, that may be in diverse ways such as
voice, images, and data which is contained in acoustic, optical or electromagnetic signals.
The most significant fact about the modern technologies, and what has guided to the real
communicative revolution, is the creation of global communication networks.

Finally, ICT are those computational and informatics tools that process, store,
synthesize, retrieve, and present information in the most varied forms (Castillo et al.
2010).

1.2 The Importance of ICT in Education

The definition of ICT was explained before, following the importance of ICT in
educational innovation is detailed. According to Cox (2004), ICT contribute to
improving educational environments providing teaching-learning resources, using
motivating artifacts for students, including communication tools and machines to
process information. Also, young people must acquire the necessary knowledge and
skills about the use of ICT for new demands for labor and academics, so they can
improve effectiveness (resource optimization) and efficiency (do things right) of the
educational system management.

Belloch (2012) states that the use of ICT presents several advantages in com-
parison with the resources used in traditional education. Most of these advantages
are directly related to the characteristics of ICT, among these can be mentioned the
following:

e Diverse information: It is possible to access a large amount of information
about different topics, which allows students to carry out the analysis of
information and assess its quality and credibility.

¢ Instructional flexibility: The pace of learning and the path to follow during the
process may differ among students, which demonstrate the necessity for
adapting available resources to the diverse needs in the classroom.

e Complementarity of codes: Multimedia applications that use various com-
munication codes allow students with different capabilities and cognitive abil-
ities, taking full advantage of the lessons.

¢ Increased motivation: Several studies show that students are more motivated
when using ICT. This interest may be an effect of novelty, although it may be
due to the increase in motivation since multimedia presentations are more
attractive than traditional ones.
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Collaborative activities B The proper use of ICT in working groups can
enhance collaborative and cooperative activities among students, but also
increase collaboration between other centers or institutions.

Enhancing educational innovation B The actual society uses modern tech-
nologies that favor new methodologies. Although it is not a cause-and-effect
relationship, teachers who are aware of new technologies tend to look for new
ways of teaching and new didactic methodologies, more appropriate to current
society according to the knowledge and skills that students must develop to
adapt to the adult world.

In this regard, Mikre (2011) declares that students who use ICT mostly obtain

better academic results than those who do not. Also, Tinio (2002, cited by Mikre
2011) considers a series of implications when using ICT in the education:

Active learning: The learning promoted by the specific uses of ICT encourages
greater student participation.

Collaborative learning: The use of ICT in education increases the interaction
and cooperation between students, teachers, and experts, regardless of where
they are located.

Creative learning: The learning supported by ICT promotes manipulating
existing information and creating products.

Interactive learning: ICT are used in learning by promoting the integration of
the teaching-learning process.

Evaluative learning: Using ICT in education allows the creation of different
learning scenarios when exploring and discovering instead of just listening and
memorizing.

According to Ferro and Martinez y Otero (2009), there are some advantages of

using ICT in education, such as

Breaking time and space barriers in teaching and learning activities: In this
way, educational institutions can offer courses or programs online, increasing
the number of students enrolled and school coverage.

Open and flexible training processes: This point is related to the previous one
because the students can take courses or programs from places located far away
from the educational center.

Improving communication between participants of the teaching-learning
process: ICT improve synchronous and asynchronous communication between
teachers and students, as a result, they can send homework and ask questions to
their teachers from any place and at any time.

Personalized teaching: The teaching-learning process that uses ICT enables the
possibility of adapting the information to the needs and characteristics of the
students.

Quick access to information: Both, students and teachers can use ICT to have
faster and more efficient access to information (not only textual and auditory,
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but also dynamic), thus reducing the degree of obsolescence, obtaining relevant
formation, as well as increasing its degree of authenticity.

o The possibility of interacting with information: When ICT is incorporated into
the teaching-learning process; the student ceases to be only an active informa-
tion processor (reception and memorization), turning into a significant
constructor.

o Increasing the interest and the motivation of the students: The ICT motivates
the students and captures their attention so that it incites the activity and thought.

e Improvement of educational effectiveness: When having new tools for the
information and communication process, more interactive educational resources,
and more information, it is easier to develop new didactic methodologies of
formative effectiveness.

o Making the best use of teachers’ time: On the one hand, ICT facilitate the
professional updating of teachers in an easy and faster way. On the other hand,
they facilitate systematic practice through self-corrective exercises with imme-
diate feedback about instrumental techniques or general knowledge.

o Supplementary activities to support learning: The teacher can provide sup-
plementary or extra work for students to use ICT, so that students can search for
information on the Internet.

Therefore, ICT constitute new supports and channels for shaping, recording,
storing, and disseminating informational content. Also, Fernandez (2010) considers
that the use of computer must be established in the school to favor the following:

Stimulation of creativity.
Experimentation and manipulation.
Respect the learning pace of the students.
Work in groups to socialize.

The curiosity and spirit of investigation.

Also, Fernandez et al. (2001) consider that ICT are a tool used to arouse interest,
maintain motivation, and active participation in the teaching-learning process, so
their use should be intensive and extensive in all levels of education.

1.3 ICT in Educational Innovation

Currently, ICT are considered as a tool to innovate teaching practices, as well as
they provide the possibility of including new didactic strategies that arouse the
interest and motivation of students to improve teaching-learning processes inside
and outside the classroom. According to Tesouro y Puiggali (2006; cited by
Domingo y Fuentes 2010), ICT have opened new expectations in the field of
education that generate changes in the student’s relationship between space and
time.



148 P. Garcia-Alcaraz et al.

However, the innovation plans must be made in the short term due to the
changing and complex world in which we live, where knowledge, educational
models and computer processes expire quickly. According to UNESCO (2005: 62;
cited by Barriga 2007), innovation is not only the production of new knowledge,
but “innovation requires creating new needs in society,” since society must
understand that the advantages, which can obtain, are greater than the cognitive
costs generated in the period of transition between the old and the new situation.

Therefore, Knight (2005) considers that the knowledge society is more
demanding, and increasingly asking for electronic resources and technological tools
for training in skills. However, the need to have more specialized teachers shows
obstacles increasing bureaucracy for centers’ accreditation, titles, and hierarchal
positions, which shows more levels.

In this sense, Mufioz-Repiso (2007) considers that ICT seek the effectiveness of
education because

e They offer great possibilities for functioning of schools and training systems on
criteria of efficiency, cost reduction, efficiency, and productivity in the
achievement of school learning

e They are an essential element for training people, especially in thinking skills,
creativity, problem-solving, and operations.

e They provoke an immense transformation in the system of formal schooling
(spaces and times, working conditions for teachers and students).

e ICT offer the possibility to rationalize, individualize, and control the training
path of each student.

e ICT allow the incorporation of motivating elements linked to their audiovisual
and interactive nature.

e The teacher acquires a new role as guide, adviser, and facilitator of suitable
choices for students.

2 ICT Tools in Educational Innovation

There are many ICT tools that can be used in the classroom, which are described
below:

e Simple digital whiteboard: According to Gallego and Gamiz (2011), this
technology system is frequently composed of a computer and a video projector,
which allows the projection of digital content in a format suitable for group
viewing. It is possible to interact with the projected images by using the com-
puter peripherals: mouse, keyboard, among others. In this sense, it is considered
that a simple digital board contributes to the teaching-learning process due to:

— The development of the learning processes is constructive and creative. Also,
it can stimulate students’ creativity and imagination.
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— It facilitates and supports sensory learning especially in the early ages.
Multimedia information comes through different sensory channels; thus,
learning is better when is possible to see, hear, and do.

— Increases motivation, since students feel very comfortable in an environment
where they can use this type of means.

For Gomez (2005), the whiteboard has the following functionalities:

Projecting any information from the computer, the Internet or any other device
connected to the system (television antenna, video projector, video camera, etc.)
onto a screen located in a strategic place in the classroom.

Easy interaction with the computer from the relevant position, where the screen
is placed, including a format large enough. Using them, it is possible to control
the software applications, presentations, and reproductions.

Writing down as in the traditional blackboard. A teacher can write unlimitedly
on the screen without deleting since a simple touch opens a new blank
document.

In that context, SMART, 2006; BECTA, 2003, 2004a, 2004b; Gallego y Dulac,

2006; Marqués, 2005; cited by Garcia et al. (2008), point out the great benefits in
the teaching-learning process when using Digital Whiteboard, highlighting the
following:

It increases the opportunity for interaction between teachers, students, topics,
and technology.

It encourages active participation of students in the teaching-learning process.
Using different resources (web pages, educational applications, drawings,
graphics, videos, etc.) makes classes more attractive and closer to the multi-
media environment in which children develop.

Optimization of teaching time.

The teacher can record, reuse, and prepare valuable information.

Technology can adapt to different teaching models, then learning is easier.
The creativity of the teacher, students, as well as the use of new pedagogical
strategies is increased since the teacher needs to design the classes to improve
the students’ critical thinking.

It allows showing more visual content to facilitate the understanding of
concepts.

It helps to the collaborative learning.

It increases the motivation.

It strengthens the understanding of complex concepts and helps to students’
concentration.

By removing the keyboard, it is especially attractive for young and the disabled
children.

It allows developing social skills.

The mobile phone as a pedagogical tool. At present, the use of mobile devices

has increased exponentially in the society, since they are considered as resources
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that improve education; they have been incorporated into schools. Therefore, there
are generic, disciplinary, and teacher competencies that refer to the use of ICT in the
teaching-learning process.

In the classroom, it is common to hear: “Turn off your cell phones” However, the
use of the cell phone in the classroom is a beginning point to change and capturing
students’ interest in the educational field. Therefore, the cell phone can be used as a
pedagogical tool improving the academic performance of students.

Pinto (2011) considers that mobiles should not be banned in the classroom, but
incorporate them into teaching. Besides, Bongarra (2013) states that for students it
is great to use the cell phone, and they take the idea with enthusiasm. However,
teachers should impose authority, establishing rules about the use of the mobile
devices in the classroom, but not prohibit them, as this would encourage their use.
Also, it is fundamental to establish norms when using a smartphone in the class-
room, creating committees, integrated by students and teachers to promote the
appropriate use of these devices.

On the other hand, the use of the cell phone in the classroom generates novel
situations or concepts to students express their attitudes and feelings, that is, the
collaborative learning is strengthened, thus motivating the discovery of new
knowledge.

e Moodle platform. At present, it is possible to offer education as mixed and
distance modality, to achieve the objectives set out in the institutional program
which is possible by a tool called Moodle that allows the virtual teaching the
24 h of the day, the 365 days of the year.

In that sense, Pérez et al. (2008) describe Moodle platform, Modular Object-
Oriented Dynamic Learning Environment, as an educational content management
system (CMS) that enables the organization of courses based on the creation and
combination of educational resources managed by the platform itself.

Consequently, the following characterizes Moodle courses:

They enrich the training/learning process.

They provide greater motivation for learning.

They improve communication between educational agents.
They monitor the teaching-learning process.

Likewise, Moodle courses facilitate group work activities and collaboration in
projects (Correa 2005; cited by Marin and Maldonado 2010).

3 The Research Problem and Hypotheses

The Instituto Tecnologico de Colima (ITC) is a university, which is integrating ICT
in its study plans to meet generic and specific competencies. This institution offers
the following bachelor’s degrees: Architecture, Accounting, Management,
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Environmental Engineering, Biochemical Engineering, Engineering in Business
Management, Industrial Engineering, Informatics Engineering, Mechatronics
Engineering, Computer Systems Engineering. As well as a master’s degree in
Computer Systems and another in Sustainable Architecture and Urban
Management.

Today, the number of students enrolled is 2992 in the face-to-face modality. In
this institution, some programs include the use of ICT by default. However, others
are obliged to use them to facilitate the teaching-learning process.

3.1 The Research Problem

The university has a good ICT infrastructure with the aim of improving
teaching-learning processes, among which are: wireless and wired Internet (80
Mbps bandwidth), computer laboratories, all classrooms have wireless Internet,
multimedia projectors, and some interactive whiteboards. Therefore, this research
seeks to determine a quantitative measure of the effect of ICT uses on the benefits
that students obtain in the teaching-learning process.

As mentioned before, the ICT are widely used in the teaching-learning process;
for instance in classrooms, their use has been gradually implemented. Although
saying that there are so many ways of using the technological tools and knowing
their constructivist approach, it does not mean that they are well used inside of the
educational centers, since many of these centers and institutions still teaching by
using the traditional methods. Hence, the significant learning does not take place,
and the technology is not properly used. In this sense, in the Instituto Tecnologico
de Colima, the uses that give students to ICT have been identified. However, it is
important to analyze the causal relationships between the independent variables
(uses) and the dependent variables (benefits) that students obtain when using ICT in
the classroom.

3.2 Research Objective

The objective of this research is to analyze the impact that has the use of the ICT in
the Instituto Tecnologico de Colima on the benefits that students obtain when using
them in the classroom.
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3.3 The Development of Research Questions
and Hypotheses

The research questions considered in this research project are as follows:

e What is the impact that the academic uses of ICT have on the recreational uses
that the undergraduate students of the Instituto Tecnologico de Colima give
them?

e What is the impact that the academic uses of ICT have on the psychological
benefits of the undergraduate students of the Instituto Tecnologico de Colima?

e What is the impact that academic uses of ICT have on the academic benefits of
the undergraduate students of the Instituto Tecnologico de Colima?

e What is the impact that the recreational uses of ICT have on the social benefits
of the undergraduate students of the Instituto Tecnologico de Colima?

e What is the impact that the recreational uses of ICT have on the psychological
benefits of the undergraduate students of the Instituto Tecnologico de Colima?

e What is the impact that the psychological uses of ICT have on the social benefits
of the undergraduate students of the Instituto Tecnologico de Colima?

e What is the impact that the psychological benefits have on the academic benefits
of the undergraduate students of the Instituto Tecnologico de Colima?

e What is the impact that social benefits have on the academic benefits of the
undergraduate students of the Instituto Tecnologico de Colima?

The following hypotheses, which are illustrated in Fig. 1 are proposed to answer
the previous research questions

H; The Academic Uses that undergraduate students of the Instituto Tecnologico
de Colima give to ICT have a direct and positive impact on the Recreational
Uses.

H, The Academic Uses that undergraduate students of the Instituto Tecnologico
de Colima give to ICT have a direct and positive impact on the Psychological
Benefits of students.

Fig. 1 Proposed hypotheses H ()
i

Academic of Academic
Uses Qeﬁts

Psychological
Benefits

Hi (+) Hs (+)

Hs (+)

A

Recreational > Social
Uses Hi (+) Benefits
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H; The Academic Uses that undergraduate students of the Instituto Tecnologico
de Colima give to ICT have a direct and positive impact on the Academic
Benefits.

H,; The Recreational Uses that undergraduate students of the Instituto Tecnologico
de Colima give to ICT have a direct and positive impact on the Social Benefits.

Hs The recreational uses that the undergraduate students of the Instituto
Tecnologico de Colima give to ICT have a direct and positive impact on the
Psychological Benefits

Hg The Psychological Benefits obtained by the undergraduate students of the
Instituto Tecnologico de Colima have a direct and positive impact on their
Social Benefits.

H; The Psychological Benefits obtained by the undergraduate students of the
Instituto Tecnologico de Colima through the appropriate use of ICT have a
direct and positive impact on the Academic Benefits obtained.

Hg The Social Benefits obtained by an undergraduate student of the Instituto
Tecnologico de Colima have a direct and positive impact on the Academic
Benefits obtained.

4 Materials and Methods

To achieve the objective stated above it is necessary to follow the methodology
described in the following sections.

4.1 Literature Review

The literature review is performed to identify information related to the problem
and determine the different attributes considered to study the integration of ICT and
their impact on academic efficiency. Several databases are useful to accomplish this
purpose, such as ScienceDirect, Springer, EBSCOhost, among others.

4.2 Questionnaire Development

According to the information obtained, a questionnaire is developed to collect data
(Bisquerra et al. 2009; Aravena et al. 2006). The final questionnaire comprises 43
items, and it was administered to 469 students of the Instituto Tecnologico de
Colima to validate it.
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Table 1 Rating scale used

Value Meaning

1 ICT are never used/The benefit is never obtained when using ICT

2 ICT are almost never used/The benefit is slightly obtained when using ICT
3 ICT are regularly used/A benefit is regularly obtained by using ICT

4 ICT are used almost always/The benefit is usually obtained when using ICT
5 ICT are always used/The benefit is always obtained when using ICT

The 43 items are divided into three sections. The first Sect. (9 items) includes
general information. The second uses of ICT (18 items), which are categorized as
academics and recreational. The third section includes the benefits of ICT (16
items) that are classified as academic, psychological, and social. The survey had to
be answered with a five-point Likert scale, with values ranging from 1 to 5
(never-always) (Likert 1932), as shown in Table 1.

4.3 Sample and Administration of the Questionnaire

Since the average grade of the previous semester was consulted, the first semester
students were excluded, also, because they have a brief period in the institution, so
they knew little about the impact of ICT and their uses in classes. In this sense, a
multistage sampling was used (Vivanco 2005), specifically two sampling tech-
niques are suitable: cluster sampling and simple random sampling.

The questionnaires were administered from January to March 2017, sampling a
proportional number of students per career and semester of the Instituto
Tecnologico de Colima. The classrooms were visited to administer the surveys with
previous authorization of the institutional authorities and the class teacher.

4.4 Capturing and Validating Information

The data obtained from the questionnaire are captured in the software SPSS 24 ®,
creating a database. The rows represent the different cases and the columns the
variables (43) to analyze. Before the analysis, some tests were carried out to detect
extreme values, values located far from the mean, by using box plots for each item.
The median replaced the extreme values. In the same way, an analysis is performed
to detect missing values, which represent omissions by the respondent. These
missing values were also replaced by the median or second quartile of the items.

The Cronbach’s alpha index is used to validate the information obtained through
the questionnaire (Cronbach 1951) and its minimum cut-off value is 0.7. It is also
important to mention that the index can increase if one of the items analyzed is



The Role of ICT in Educational Innovation 155

eliminated, so it is possible that the number of items at the beginning of the analysis
and the end differs.

4.5 Descriptive Analysis

A descriptive analysis is performed, to provide information about the uses and
benefits included in the questionnaire. At this point, the median is obtained as a
measure of central tendency, due to the nature of the values, which are on an ordinal
scale. Also, the interquartile range (IR) of the items is presented (the difference
between the third and first quartile).

4.6 Structural Equation Modeling

To validate the hypotheses presented in Fig. 1 a structural equation model is used.
According to Avelar et al. (2014) the structural equation models (SEM) were
introduced by Joreskog in the early 70s. In this sense, a model describes the effects
of causality through latent variables and assigns the explained and unexplained
variance.

The model is executed in the WarpPLS 5.0 software since it is widely recom-
mended to evaluate causal models with not-normal data. To know the efficiency of
the proposed model, the following efficiency indexes are used:

e APC, Average Path Coefficient: It is obtained by calculating the arithmetic
mean of all betas or relationships between the latent variables. To know their
significance, the P-value is used, which must always be less than or equal to
0.05, since the model is evaluated with a confidence level of 95%.

e ARS, Average R-squared: It is a measure of the predictive validity and refers
only to those R-squared presented in the dependent variables. In this sense, it is
estimated the average of all the R-squared, meanwhile, the P-values are used to
measure their significance.

¢ AARS, Average Adjusted R-squared: It measures the predictive validity of the
model, but unlike R-squared, the adjusted R-squared considers the sample size.
To measure its efficiency, P-value is used that must be less than or equal to 0.05.

e AVIF, Average Block VIF: It is a measure of the average collinearity of the
different variables that integrate the model. On average, values recommend are
lower than 3.3.

¢ GoF, Tenenhaus index or Tenenhaus GoF: It indicates the generic explana-
tory value of a model and values higher than 0.36 are recommended, indicating
that models explain at least 36% of the variance contained in the variables
analyzed.
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5 Results Analysis and Discussion

According to the methodology described before, a total of 469 surveys were
obtained. For a better understanding of the results obtained, the information is
reported in the following sections.

5.1 Descriptive Analysis of the Sample

The 489 surveys come from participants from different bachelor’s degree programs,
as illustrated in Table 2, which shows the frequency and the percentage. It can be
observed that the major participation is from Industrial Engineering, Architecture,
and Environmental Engineering.

Likewise, Table 3 shows the distribution according to the gender of students
surveyed.

5.2 Questionnaire Validation

Table 4 shows the result of validating the items of uses and benefits separately by
using the Cronbach’s alpha index. Likewise, when the general analysis is per-
formed, that is, uses and benefits items are considered as a group. Thus, the
Cronbach’s alpha coefficient obtained is illustrated in the last row.

Table 2 Sample Bachelor’s degree program Frequency | Percentage
composition Industrial engineering 74 15.8
Architecture 71 15.1
Environmental engineering 64 13.6
Engineering in business 53 11.3
management
Mechatronics engineering 45 9.6
Biochemical engineering 42 9.0
Management 42 9.0
Accounting 35 7.5
Computer systems engineering 24 5.1
Informatics engineering 19 4.1
Total 469 100
Table 3 Frequency by Gender Frequency Percentage
gender Male 276 58.8

Female 193 41.2
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Table 4 Cronbach’s alpha index

Variable Cronbach’s alpha Items at the beginning Items at the beginning
Uses 0.803 18 17
Benefits 0.905 16 15
Uses and benefits 0.892 34 32

Note that in each of the analyzed dimensions, uses, and benefits, an item has
been eliminated, so there is a difference between the number of items at the
beginning and the end of the analysis.

5.3 Descriptive Analysis of the Items

Table 5 illustrates the descriptive analysis of the items associated with the uses of
ICT, which are sorted in descending order according to the values of their median
or second quartile. It is observed that the higher academic given to ICT by students
refers to searching information, sending, or receiving tasks from their teachers or
collaborators, which indicates that ICT facilitates the collaborative work as is tacitly
verified in the third item. Note that these three items show median values higher
than 4, but it does not happen to the other last items in that category.

About the recreational uses given to ICT by students, the main ones correspond
to sending photos and videos, but also to their participation in social networks. Note
that only these two aspects show median values higher than three.

Table 5 Descriptive analysis of items related to uses of ICT

Uses @2 Q1 Q3 |RI
Academic

Do you use ICT to find information for your subject? 4.35 3.61 4.95 1.33
Do you use ICT to send or receive assignments? 4.33 352 |4095 1.43
Do you use ICT to collaborate with other colleagues to the 4.25 3.50 |4.85 1.35
subjects’ assignments?

At school, do you use ICT as a means of communication? 3.93 3.08 4.69 1.60
Do ICT are useful to design or draw? 3.64 2.59 4.57 1.97
Have ICT helped you to solve mathematical problems 356 267 443 1.76
quickly and efficiently?

How often do teachers use ICT in the teaching-learning 354 286 |4.26 1.39
process?

Do you use ICT to take notes (as a notebook)? 3.37 2.35 4.33 1.98
Do you use ICTs to ask questions or receive answers from 330 238 |4.24 1.86
your teachers?

Do you use ICT to read newspapers and/or digital 2.60 1.68 3.61 1.92
magazines?

(continued)
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Table 5 (continued)

Uses Q2 Q1 Q3 RI
Do you use ICT to participate in forums and/or debates on 241 1.53 3.46 1.93
the topics that interest you?

How often do you use the website of the library to check the | 2.40 1.51 3.39 1.88
online catalog, databases, or materials available?

Recreational
Do you use ICT for sharing photos and videos? 3.58 2.60 |447 1.87
Do you use ICT to participate in social networks? 3.48 244 448 |2.03

Do you consider that ICT has more social or recreational use | 2.81 197 |3.79 1.81
(games, communication, leisure) than academic use?

Do you use ICT to play online with your classmates? 1.99 1.16 339 |[222
How often do you listen to the radio by using ICT? 1.89 1.15 2.95 1.80
At school, do you use ICT to download music, movies, 1.79 1.06 3.14 2.07

games, or other programs?

According to the benefits obtained from the uses of ICT, Table 6 shows the
measures of central tendency and dispersion, sorted in descending order according
to the values of their median. Regarding academic uses, the students report that ICT
provide them a good and effective education, but also facilitate the timely delivery
of work to their teachers. Note that these two benefits have a median value greater

Table 6 Descriptive analysis of items related to benefits

Benefits @ Q1 @ [rI
Academic

Do you believe that ICT can provide a good and effective 424 |347 |4.87 1.39
education?

Do you consider that ICT help to deliver assignments in a 4.09 |3.30 |4.77 1.47
timely manner?

Do you consider that ICT make the training programs more | 3.97 324 |4.66 1.42
open and flexible?

Does the ICT use facilitate understanding of contents? 3.89 |3.15 |4.63 1.48
Have you improved your grades by using ICT? 3.89 |3.14 |4.64 1.49

Has the learning process been improved by using ICT in the 3.86 3.12 4.61 1.49
classroom?

Do you consider that ICT improve communication between |3.86 |3.09 |4.64 1.55
the different agents of the teaching-learning process?

Is teaching more personalized by using ICT? 376 298 |4.56 1.57
Do ICT allow you to consult your teachers without 3.75 291 4.58 1.67
displacement?

(continued)
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Table 6 (continued)

Benefits @2 Q1 Q3 |[RI
Social
Have ICT allowed you to work as a team? 422 337 |4.88 1.50

Have ICT helped to increase fellowship and collaboration 374 292 |4.58 1.66
between students?

Do you think that social networks play a significant role in 3.65 273 | 4.51 1.78
education?
Do you consider that ICT improve communication with the |3.60 |2.74 |4.44 |1.69
teacher?

Psychological

If you compare the results obtained when implementing ICT |3.64 |2.89 |4.45 1.56
and not implementing, are the first ones more satisfying?

Since motivation is fundamental in the place where 359 286 436 1.50
knowledge is exchanged, have ICT helped to motivate you?

Do you consider that the use of ICT in the classroom makes 3.13 2.25 3.96 1.71
you a passive student?

than four so are the most important. The third benefits deserve to be mentioned
since they refer to the education flexibility and the possibility of open education and
at a distance, an innovative and recent concept.

For the social benefits, the most reported refers to the fact that ICT have allowed
to the students work as a team, and as the second benefit reports increasing com-
panionship and team collaboration. Note that in this category only one benefit has a
median value greater than four. The other three benefits present values lower than
four, but higher than three, which indicates that they are at least regularly obtained.

Finally, Table 6 analyzes the psychological benefits composed of three items.
All median values are less than four, but greater than three, indicating that they are
regularly obtained when using ICT.

5.4 Structural Equation Modeling

Using WarpPLS 5.0, the model proposed in Fig. 1 was evaluated and Fig. 2 shows
the results obtained.

5.4.1 Model Efficiency Indexes

Before interpreting the results obtained in the model, the following efficiency
indexes are analyzed:

e Average path coefficient - APC - = 0.300, P < 0.001
e Average R-squared— ARS - = 0.317, P < 0.001
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Fig. 2 Evaluated model

p= 0.31
(p<0.01)

p= 0.16
(p<0.01)
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(p=0.01)

Average adjusted R-squared - AARS - = 0.315, P < 0.001
e Average block VIF - AVIF - = 1.250, acceptable if <= 5, ideally <= 3.3.
e Tenenhaus GoF - GoF -=0.409,

large >= 0.36.

5.4.2 Direct Effects

small >= 0.1,

M R2=0.70

p= 055
(p<0.01)

R? =025

medium >= 0.25,

Table 7 describes the causal relationships between the variables, where a P-value is
associated with each Beta value allowing rejecting or not, the hypotheses stated
before. Likewise, R-squared value is illustrated for those latent variables that act as
dependent variables, which are explained by at least one independent variable.

Table 7 Causal relationships between the latent variables (standardized coefficients)

Relationship B P R? Conclusion

Academic uses — Recreational uses 0.31 <0.01 0.09 H;: nonreject
Academic uses — Psychological benefits 0.46 <0.01 0.23 H,: nonreject
Academic uses — Academic benefits 0.16 <0.01 0.70 Hj: nonreject
Recreational uses — Social benefits 0.11 <0.01 0.25 H,: nonreject
Recreational uses — Psychological benefits 0.06 =0.10 0.23 Hs: Reject

Psychological benefits — Social benefits 0.46 <0.01 0.25 Hg: nonreject
Psychological benefits — Academic benefits 0.30 <0.01 0.70 H7: nonreject
Social benefits — Academic benefits 0.55 <0.01 0.70 Hg: nonreject
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5.4.3 Effect Sizes from Direct Effects
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Besides, it is important to note that when more than one independent variable
explains the dependent variables, the R-squared that is associated to the first
variable must be decomposed into effects corresponding to each of the independent
variables. Table 8 shows this process in the model proposed before. Every column
represents the variance source and the rows are representing the dependent latent

variables.

Table 8 Effect Sizes from Direct Effects

To From
Academic Recreational Social Psychological R?
uses uses benefits benefits
Recreational B =0.308 0.095
uses (P <0.001)
ES = 0.095
Academic B =0.156 B =0.546 B =0.299 0.694
benefits (P < 0.001) (P < 0.001) (P <0.001)
ES = 0.086 ES = 0417 ES =0.191
Social benefits B=0.112 B =0.459 0.246
(P =0.001) (P <0.001)
ES = 0.024 ES =0.222
Psychological B =10.459 B =10.059 0.233
benefits (P < 0.001) (P =0.101)
ES = 0.220 ES =0.013

5.4.4 Sum of Indirect Effects

When a variable is affected by two or three segments involving two or more
independent variables, it is necessary to analyze the indirect effects. Table 9 shows

Table 9 Sum of indirect effects

To From
Academic uses Recreational uses Psychological
benefits
Academic benefits p=0281 " p=0093 B=0.25
(P < 0.001)" (P < 0.021)" (P < 0.001)"
ES =0.156 ES =0.016 ES = 0.160
Social benefits B=025 B =0.027
(P < 0.001)" (P =0.205)
ES =0.117 ES = 0.006
Psychological B=0.018
benefits (P =0.290)
ES = 0.009

“Inferences at 95% confidence level
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the sum of indirect effects presented in the model, as well as the P-value associated
with the test of statistical significance and the effect size, which is denoted as ES.

6 Conclusions and Implications

Although it has been statistically shown that ICT have an impact on the students’
academic, social, and psychological performance, Salinas (2004) states that when
introducing them in the process of educational innovation, the following aspects
must be considered:

Changes in the role of the teacher: The teacher requires a training process that
leads to:

Knowledge about ICT tools.
Interaction with the educational and social community related to the challenges
of the knowledge society.

e Consciousness about of the formative needs.

e Ability to plan the development of their professional career.

Palomo, Ruiz, and Sanchez (2006) suggest that the teacher is the driver of the
change of the teaching-learning system, who is a key to the success of any inno-
vation in the teaching process. Therefore, in this new technological context, it is
necessary that the teacher change his/her mentality, attitude, and role concerning
teaching. In this sense, teachers should move from being content experts to being
learning facilitators, which involve different tasks, such as design learning expe-
riences for students, and provide an initial structure to encourage students to
self-study.

Also, designing materials and resources adapted to the students’ characteristics is
another fundamental role of the teacher. The materials will not only be developed
by the teacher her/himself but also in collaboration with the other partners involved
in the process, thus, working in a collaborative way.

Changes in the role of the student: The student changes the traditional way of
working when using ICT (computer, tablet, smartphone, etc.), it should be
emphasized that they are looking for a high-quality learning and knowledge.
However, it should also be considered that the ICT role in educational field it is not
only an effort to copy and paste information but improving the teaching-learning
process.

According to Domingo and Fuentes (2010), 90% of students emphasize that ICT
imply an innovative methodological renewal that increases the motivation and
participation of students, which facilitates the understanding and learning by pro-
viding new educational resources. Also, ICT increase satisfaction, motivation, and
self-esteem of the teachers. Likewise, for 60% of students, ICT facilitate collabo-
rative work, which can increase their autonomy and facilitate their evaluation and
self-evaluation.
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Based on the results obtained from the present investigation, it has been possible
to analyze the ICT integration and their impact on the academic efficiency in
undergraduate students of the Instituto Tecnologico de Colima. Also, the research
has allowed investigating the academic and recreational uses that students give to
the ICT and finally, has shown the academic, social, and psychological benefits that
the students obtain when using them.

In this sense, the following hypotheses were verified:

e There is enough statistical evidence to state that the Academic Uses of ICT have
a direct and positive impact on the Recreational Uses, since when the first latent
variable increases its standard deviation by one unit, the standard deviation of
the second latent variable also increases by 0.3 units.

e There is enough statistical evidence to affirm that the Academic Uses have a
direct and positive impact on the Psychological Benefits. When the first variable
increases its standard deviation by one unit, then the standard deviation of the
second latent variable increases by 0.46 units.

e There is sufficient statistical evidence to point out that the Academic Uses of
ICT have a direct and positive impact on the Academic Benefits, because when
the first latent variable increases its standard deviation by one unit, the standard
deviation of the second latent variable also rises by 0.16.

e There is necessary statistical evidence to declare that Recreational Uses of ICT
have a direct and positive impact on the Social Benefits, because when the first
latent variable increases its standard deviation by one unit, the standard devia-
tion of the second latent variable also rises by 0.11 units.

e There is not enough statistical evidence to support that the Recreational Uses of
ICT have a direct and positive impact on the Psychological Benefits, because
when the first latent variable increases its standard deviation by one unit, the
standard deviation of the second latent variable also rises by 0.06 units, with a
P-value equal to 0.10, bigger than 0.050.

e There is sufficient statistical evidence to state that the Psychological Benefits
have a direct and positive impact on the Social Benefits., because when the first
latent variable increases its standard deviation by one unit, the standard devia-
tion of the second latent variable also rises by 0.46.

e There is enough statistical evidence to state that the Psychological Benefits have
a direct and positive impact on the Academic Benefits, since when the first latent
variable increases its standard deviation by one unit, the standard deviation of
the second latent variable also increases by 0.30 units.

e There is enough statistical evidence to affirm that the Social Benefits have a
direct and positive impact on the Academic Benefits. When the first variable
increases its standard deviation by one unit, then the standard deviation of the
second latent variable increases by 0.55 units.
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Abstract Emotional design, since its birth in the 70s, has developed into becoming
one of the main forces that drive design nowadays. The capability of understanding
the user’s feelings and emotions is considered to be a pivotal part of the design
process. More than ever before, industrial designers need to consider the emotional
side of consumers to create meaningful and successful products. The present study
created a series of recommendations for Industrial Design Conceptualizing based on
Emotional Design. These were developed through the analysis of several design
emotion-based methodologies, conceptualization theories, and emotional design
itself. The recommendations were developed to be applied in the conceptualization
phase, for it is at this stage of the design process when the designer gives shape to
the initial concept that will ultimately become a product. After its completion, to
validate the recommendations, these were handed to a group of eight industrial
design students who applied them on one of their academic projects. The results of
their works were subjected to analysis to determine the impact on their projects.
Students were also asked their opinion about emotional design and the recom-
mendations they were given. Principal results evidence that only the 15% of the
students knew about emotional design before being introduced by the present
research. Five out of eight of the resulting projects managed to incorporate values
and concepts related to emotional design. It reflects that the resulting ultimate
products can be influenced by the capabilities of designers to use the recommen-
dations. It could be concluded that the recommendations could be of great interest
for industrial design to transmit emotions to products which could satisfy con-
sumers emotional desires.
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1 Introduction

The importance of emotional design on product development has grown signifi-
cantly over the past few decades. Industrial designers have gone from
simple-minded functionality to a conception where their main purpose is to create
products and experiences that can build emotional, deep, long, and long-lasting
bonds with users (Roberts 2005). Consequently, several investigators and compa-
nies started to research and develop different ways to introduce emotional design
within the design processes. Methods like Kansei Engineering, Kano Method, and
Semantic Differential have been developed to understand users’ emotional desires.
Several categorizations of emotions along several dimensions were made. Some of
them were based on arousal and valence (Hepach 2011), some others were based on
the subconscious level on which they acted (Norman 2004). After the development
of these methods, investigators and design professionals started to apply emotional
design in their projects to create meaningful and more personal products (Norman
2004; Spillers 2004; Desmet and Fokkinga 2013). Some studies have brought up
exciting and revealing news about emotions, as their deep correlation with decision
making (Gray et al. 2002) or their capability to overrun cognitive barriers when it
comes to product appreciation.

Nowadays, industrial designers face several difficulties when they apply emo-
tional design into their projects. For this reason, the objective of this chapter was to
provide to the industry a series of recommendations for the application of emotional
design during the design process. The present research was divided into two parts.
First, a series of recommendations were created to facilitate the application of
emotional design during the design process. Later, these recommendations were
handed to a group of industrial design students who applied them on one of their
projects. As the recommendations are solely for the conceptualization phase, the
resulting pieces were not graded on the emotional response they may or may not
have caused; they were rather analyzed in search of concepts related to emotional
design.

1.1 Introduction to Emotional Design

Emotional design, just like the industrial design and design itself, has received
several different names, such as hedonic design, affective design, the design of
human affective factors, and empathic design, among others. Although there is no
clear or ultimate definition of what emotional design is, it seems that it is a branch
of design that has made its main purpose to study the role that human emotions play
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as an influence on how we interact with different objects and artifacts (Aumer-Ryan
2005).

Typically, the design used to be divided into two fundamental aspects: emotive
and rational. The common thinking was that they should be separated, furthermore,
the rational aspect of design used to be prioritized over the emotional side. In (Gray
et al. 2002), the study reinforced the theory that emotional states are associated with
the different ways we process information, and in a deeper layer, with the
decision-making process.

How is emotional design relevant to industrial design? Emotions have powerful
effects on the decision-making process of people; hence, they play a key role when
users must decide whether they like a product or not. When it comes to the appraisal
of a product, emotions have the capability of overrunning the logical and cognitive
walls of users, meaning that in many cases, emotions will determine if a user likes a
product or not, despite cognitive factors.

The role that emotions play when deciding whether someone likes an object or
not has proved to be so strong that they can be more important than functionality or
usability factors. It is not whether the product works or not. The important matter is
how a product makes the user feel. According to Norman (2004), on many occa-
sions, the true value of a product is not directly related to its intrinsic characteristics.
Instead, it relies on the emotional connection that bounds the product to the user. In
some cases, emotional design can have an impact not only on how the user per-
ceives the product but on how it makes the user relate to other people.

When it comes to new products, it seems that context and emotions have a direct
impact on how people receive jumps on innovation. A study conducted by (Carbon
et al. 2013) concluded that we are keener to appreciate innovation in a positive way
when we feel safe about these innovations. For example, we are more receptive to
extravagant and unconventional cars if they are presented to us in a car show as we
are prepared to see new and uncommon things.

1.2 Review of Tools for Emotional Design

As it was mentioned before, several tools have been developed to achieve a design
approach that envisions products that meet the user’s desires. Nevertheless, these
tools or methods are not specifically designed to guide the designer towards the
creation of an object that triggers an emotional response. Kansei Engineering and
Kano are the main emotional design tools that have been applied in the industrial
sector. Some examples of the application of these methods can be found in the
scientific literature, see Table 1.

Kansei Engineering provides information regarding what the user expects to see
in a product, by asking a test group for their impressions of determined concepts or
products. The test group gives their opinion on how they understand or like a
product.
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Methods like Semantic differential are based on bipolar concepts tests that,
although somewhat provides information regarding how the user feels towards
certain concepts, by itself it does not represent design considerations that could be
used by the industrial designer who strives to trigger emotional responses with its
product. Furthermore, the selection of bipolar concepts rely entirely on the design
researchers, so these concepts tend to be subjective (Mondragdn Donés et al. 2006).

Kano Method is another option to approach user’s desires regarding product
design (Beitia et al. 2009). Based primarily on assessing the degree of satisfaction
that a product achieves on its users, Kano method consists of a series of multiple
answer questions oriented to find out what users like better. The three main aspects
that this method tries to determine are the degree of satisfaction with the func-
tionality of a product; things that the user asks of the product; details that would
make the product more pleasurable to use (Alvarez et al. 2008).

These previous methods require a considerable investment of time, resources,
and knowledge, and the results are presented in the shape of statistics and data that
require experience for their interpretation (Bradley and Lang 1994). Furthermore,
these processes tend to be lengthy and exhaustive.

Some other tools, like the Geneva Emotion Wheel (GEW) (Sacharin et al. 2012),
PrEmo (Desmet et al. 2012) and Self-Assessment Manikin Scale (SAM) (Bradley
and Lang 1994), have a deeper connection to the emotional side of design. They are
tools that are very effective measuring the emotional response of people towards
certain objects or concepts through visual aids.

Trough anthropomorphic images, PrEmo, and SAM Scale can effectively
determine whether a product triggers an emotional response, what kind of emotion,
and the strength of this particular emotion. Being based on graphic tools, these
methods can transcend the barrier of languages, as the emotions expressed on the
images clearly show moods and sentiments.

GEW is a tool similar to the past two, though, while SAM and PrEmo use
images to fulfill their purpose, GEW uses a graphic from which the surveyed can
pick an emotion and how strongly they feel it, dividing these parameters on
Positive/Negative emotions, and High Control/Low Control of these emotions. This
allows GEW to be applied on a variety of fields, form decision making to user
experiences (Sacharin et al. 2012).

Described present important knowledge about emotions and how they relate to
design, yet, none of them actually tells how the novice designer should approach
and conceptualize based on users emotions (Desmet and Fokkinga 2013).

1.3 Difficulties for Industrial Designers

Industrial designers who want to include the emotional aspect of design into their
projects are then faced with a series of difficulties, which are given as follows:
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Although there is a fairly good amount of information regarding emotional
design, most of this information is about emotional design but not about how to
apply it.

For the industrial designers that have never heard of, or know little about
emotional design, it can be very difficult to apply it, as there is no established
method, manual or guide that helps them on the purpose of creating objects
which target is to trigger emotional responses.

Most designers will feel lost when trying to apply emotional design, as there is
no reference on how to do it.

The methods that are the closest to emotional design (such as Kansei
Engineering) require quite an amount of time, resources, and knowledge that
may not be available to the grand majority of industrial designers.

Great tools such as PrEmo are effective for measuring the emotional response,
but they do not provide design guidelines for the industrial designer, their
purpose is to measure results.

When comparing some of the methods used for emotional design (Table 2), we

can observe that although they are successful in some ways when it refers to reach
or measure emotional design, none of them was created to actually tell the designer
how to design emotionally.

As a result, we can think that a possible solution to this situation is to create a
series of recommendations for the industrial designer, based on emotional design,
that will be capable of orienting designers on what concepts and knowledge can
they rely on, in order to create objects that will capitalize on human emotions to

become successful products.

Table 2 Comparison between six different tools oriented to find out consumer’s preferences and
emotional impact of products

Kansei Kano SD GEW PrEmo SAM
Based on surveys (0] o (0] o o (0]
Fixed answers given | X o o X X X
by surveyors
Limited amount of X o o 0 (] o
possible answers
Considers emotion (0] X X o o (0]
Considers cultural X X X X X X
background
Considers o o o X X X
functional aspects
Considers aesthetic o X o o o (0]
aspects
Considers what the o X X X X X
subject desires as
design criteria

(continued)
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Table 2 (continued)

Kansei Kano SD GEW PrEmo SAM

Uses visual aid to X X X o o (0]
formulate answers
Measures emotional X X X o o (6]
perception of a
product

Aids in the design o o o X X X
process
Gives X X X X X X
EMOTIONAL
based design
guidelines
Affordable for small | X X X (0] o o
design studios/
independent
designers

Requires High Medium Medium Low Low Low
economical

investment to
conduct study

Requires time High High High Medium | Low Low
investment to
conduct study

Requires logistics to | High High High Medium | Medium | Medium
conduct study

2 Methods

2.1 Creation of Recommendations to Apply Emotional
Design

Even though there is not a specific guide to apply emotional design in the con-
ceptualization process, there is plenty of information related to emotional design.
Several important investigators, like Don Norman, Frank Spillers, Jodi Forlizzi, and
Pieter Desmet have published various books and articles related to it (Desmet et al.
2012; Norman 2014; Spillers and Asimakopoulos 2014; Forlizzi et al. 2016).

A series of recommendations and knowledge key points were conceived from
the study of diverse emotional design books, articles, reviews, and various indus-
trial design methodologies, as well as a deep insight on how the mind works and on
empirical observation of human behavior. These recommendations are focused on
the conceptualization phase of the design process. It aims to give designers valuable
information and tools for product conceptualization, which introduce the emotional
side of users as the main criteria. The recommendations do not try to tell designers
how to conceptualize. They are a gathering of concepts and knowledge about what
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triggers emotions on users, and how taking this knowledge into consideration might
help designers reach a desirable level of emotional design. These recommendations
present themselves as a serious option for designers who need a hand on under-
standing and designing with emotional values.

In the analytic part of the process to create the recommendations, an investi-
gation was made about emotional design and a breakdown was started, separating
its elements, both primary and secondary, to achieve a better understanding of this
phenomenon. In the synthetic phase of the investigation, it is necessary to add
knowledge that did not exist previously. The synthetic phase is somewhat difficult
to acquire, for it is based on reflexive intuition and common sense.

The recommendations are grouped in a list and are based primarily on two
factors: personal conclusions and appreciations regarding emotional design based
on analysis and reflection of the gathered information, and accepted concepts within
the emotional design field, proposed by various experts.

The following is a brief and simplified list of these recommendations and
knowledge key points:

1. From the beginning: “Emotional design must be a fundamental part of the
design process from the very beginning; it cannot be applied when the product is
already finished” (Desmet et al. 2008).

2. Mood: there is evidence that a cheerful mood predisposes designer to design
better solutions.

3. Eliminate preconceptions: Designers must not have preconceived ideas since the
recommendations focus on the conceptualization phase. The process must start
from zero.

4. Determine design possibilities: the designer must determine what the design
possibility that he/she pursues, hence, the type of product that might be required
is.

5. Market research based on emotional qualities: compare a similar product on the
market to determine their existing emotional characteristics that designers must
identify.

e Type of emotion that the product evokes: the designer must ask himself and try
to determine what emotions and emotional relationships develop between the
user and the product.

e Emotional level on which it acts: the designer must identify on which of the
three emotional levels proposed by (Norman 2004), the product acts.

i. Visceral: exclusively based on the looks of the product. In this level, it is all
about the formal and physical characteristics of the object.

ii. Behavioral: it is determined by how the product is used.

iii. Reflective: determined by knowledge and cultural baggage. It is the deeper
and strongest emotional level.

6. Verbalizing is another form of design: the designer must learn to write down
all of his/her ideas. It is fundamental to put down on paper the designer’s
ideas, for this is the first step to materialize them.
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7.

10.

11.

12.

13.

14.

15.

16.

Mood boards: these are visual tools that support the designer when it comes to
the creation or conceptualization maps and models. They help the designer to
better determine the kinds of emotions that should be imprinted on the design.
Emotional Design Intent: this is a short and concise statement where the
designer exposes the emotional level and kinds of relationships that he/she
seeks to awaken in users who are using his/her product. It will serve as a future
reference and guide for the designer.

Cultural contextualization: emotional design is deeply linked to the cultural
values of the user. It is essential that the designer is aware of this and, hence,
be able to identify these values (Aumer-Ryan 2005).

Subcultures contextualization: the so-called “protocultures” are also a differ-
entiating factor for users, it is necessary to know them to exploit their prop-
erties for design (Lloyd et al. 2006).

About the aesthetics: the adage “form follows function” is being replaced by a
new one: “if it looks good, it works.” It is vital to understand the value, impact,
and significance of the formal design. “...it requires a somewhat mystical
theory of aesthetics to find any necessary connection between beauty and
function” (Tractinsky 1997).

Aim for beauty: concepts that are considered as beautiful often have positive
effects on users, affecting them on a visceral emotional level and affecting the
perception of use easiness. To identify and apply these concepts to product
design is vital to achieving a greater degree of acceptance among users
(Tractinsky et al. 2000).

The personality of objects: humans tend to read each other’s emotions. We
have a great capacity for emotional interpretation, so much that we carry this
ability to analyze the degree of inanimate objects. This feature allows the
designer to give personality to objects so that they convey emotion, mood or
personality.

Understand the effects of shape on the subconscious: certain physical char-
acteristics often have different effects on the emotional reaction of the users.
The designer must understand, for example, the calming effects of a sinuous
and curved shape, or how a “heavy” or “bulky” shape can determine whether a
product is attractive or not (Spillers 2004).

Anthropomorphizing: within the personality spectrum of objects, you may find
the effects of product forms. As humans, we have a natural tendency to feel
empathetic toward our species. Applying human traits and characteristics to
objects has implications on the user’s degree of emotional reaction. The
designer should be aware of these consequences and use them in benefit of
their product (Hepach 2011). An example is emotion recognition includes the
capacity to read and interpret other people’s emotion.

About objects attitudes: As with personality, it is possible to provide objects
emotional states. The designer must understand how to make the object look
“anxious” or “relaxed,” for example. Giving emotional states to objects will
cause the user to inadvertently interpret these emotional states, and feel the
product differently.
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The pride of possession: this factor has become one of the most important on
nowadays product design. To make users identify themselves with products, to
the point of actually feeling proud or “better” for owning them has become a
factor that may determine the success or failure of these products. It is nec-
essary to understand how to make the users acquire products, not because they
need them, but because they want them.

Emotional memory: this is the name given to a series of concepts, memories,
and experiences that the user accumulates throughout life. Emotional memory
determines how the user responds to these certain concepts. Understanding
these reactions and experiences, allows the designer to exploit them in order to
achieve the desired emotional reactions (LeDoux 2000).

Establish contact with the designer’s inner user: the best reference that a
designer can have on the emotional impact of the objects is the designer itself.
By abstracting from his/her professional skin, designers will be able to better
understand the emotional impact of their own ideas (Lloyd et al. 2006).
Consider all aspects of design: when conceptualizing, the designer must take
in account how the user should feel when holding the product in their hands,
how should it smell, how much should it weight. The use experience plays a
fundamental role in the emotional design.

Every aspect of the design must have a function: even if the sole purpose of
the design is to look good. Every aspect of the design must be justified; it must
have a reason to be. The consequence of adding details without purpose is
having empty and meaningless products.

The artistic value of emotional design: design by conformity will almost
always produce good and pleasurable products that most people would like.
The true artistic value, however, is hardly achieved by consensus and almost
always corresponds to the personal view of the designer or a small group of
creative people. The designer must determine what kind of product he/she
desires and intents to deliver; for it is through this contact with the user that
designers can really persuade them that their vision is what the consumer
wants (Crilly 2011).

23.The golden ratio: also known as the golden number, Phi, Fibonacci
sequence or divine proportion, the golden ratio is equal to 1.618. It has been
shown that this ratio is found in many elements in nature. Its application
provides balanced aesthetics and natural symmetry to objects. It is a good idea
to have this proportion in mind when designing, as its correct implementation
tends to generate positive affective responses on users.

2.2 Recommendations Validation

It becomes difficult to objectively appraise if these recommendations help designers
to apply emotional concepts into their projects. An investigation could be
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conducted by analyzing products that resulted from conceptualizing with these
recommendations and finding out if these products produce emotional responses,
probably using tools such as PrEmo or Geneva Emotion Wheel. The results would
not be conclusive as they would depend greatly on the individual capabilities and
abilities of each designer.

Furthermore, the conceptualization phase of the design process does not include
any sketching, designing or prototyping per se; it is based solely on the creation of
ideas and concepts that will later become a design and, validating a process that
focuses on ideas can be very subjective. Even so, there must be a way for these
recommendations to be evaluated.

A study group made out of nine students from the Industrial Design Program, at
the University of Ciudad Juarez, México were asked to apply these recommenda-
tions on one of their school projects and then submit these projects to analysis. It is
not the purpose to determine if the design is good or not, but rather determine if the
design presents characteristics that can be associated with the emotional design.

Characteristics of the study group:

e A small group of students of medium-advanced level applied the recommen-
dations in the conceptualization phase of their projects.

e The students have never followed emotional design-based recommendations,
guidelines, or whatsoever in their conceptualization processes before.

e The students did not know they were going to follow these recommendations on
their projects until the day they were assigned with the design project.

e The students had approximately five days for the conceptualization phase.

e The students, after the conceptualization phase, continued with the sketching,
definition, and prototyping phases of the design process.

e As a limitation, most of the projects have a requirement to be based on bio-
mimetic, and several of them were required to be a luminaire project. Since
deconstructing the resulting projects could be so subjective, another parameter
must be considered to measure these recommendations.

e The resulting projects were analyzed to identify the presence or absence of
concepts related to emotional design mentioned in the recommendations.

e Personal appraisal is given by the students about the recommendations. This
appraisal was given through a survey oriented to find out the student’s opinion
regarding different aspects of the recommendations.

2.3 Designer’s Appraisal on Recommendations

To find out the student opinion, a survey was applied to the study group. This was
not oriented to determine the effectiveness of the recommendations, but its per-
ceived effectiveness. The questions were made to determine how an individual
perceived the recommendations, their experience using them, and their opinion.
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The main aspects that were treated in the survey were the following:

. Usefulness

. Easiness of understanding

. Relevance to the field

. Effect on their design process

. Effectiveness of recommendations when guiding trough conceptualization
process

. Effectiveness of recommendations when transmitting emotional design concepts

. Overall opinion on the recommendations

8. Suggestions and improvements

WD AW -

~N N

3 Resulting Projects

As a reference of the resulting projects, graphic representations are presented; either
photorealistic images (renders) or actual photographs of the prototypes. Luminaire
pieces were submitted to scrutiny as a final semester by the head teacher of that
assignment and by an evaluation committee to determine the quality of the design.
Also, a design researcher analyzed the resulting projects in search of the emotional
concepts presented in the recommendations. Non-luminaire projects were only
scrutinized in search of emotional concepts.

3.1 Case One: Cuack!

The project proposed in Fig. 1 required to be a luminaire. The designer focused,
during the conceptualization, on creating a design that evokes cuteness applying
some recommendations, such as number 12 and 13. The recommendation 12 aims
for beauty and the 13 creates personality—in this case of a duck—through simple
lines and forms, this design attacks the visceral level of emotion, having its main

Fig. 1 “Cuack!” Luminaire, by Luis Peon
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strength in the visual memories that it triggers. It is made of acrylic and steel, with
an interior LED illumination.

3.2 Case Two: Nautilus Chair

As shown in Fig. 2, this chair required to be based on biomimetic. The designer
was inspired by the shell of the marine creature nautilus to produce a chair made of
molded urethane. In this product, the recommendation used was number 23: the
application of the golden ratio.

3.3 Case Three: Periodic Table

The emotional value of Fig. 3 product relies principally on two recommendations:
number 17 and 18. The first one, the pride of possessions attacks the reflective level
of emotions by substituting the traditional elements with a series of music rock
bands and musicians. This creates a sensation of identity that will appeal to users
individually according to their musical tastes. The second recommendation evokes

sillanautilo

Fig. 2 Concept, “Nautilus chair”, by Diego Diaz
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Fig. 3 Concept, “Periodic Table”, by Nestor Hernandez
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nostalgic memories, using a periodic table that takes people back to the school and
childhood. It is made of molded polypropylene.

3.4 Case Four: USB Invaders

In Fig. 4, the emotional design concepts of this piece are related to the recom-
mendations 9, 17, and 18. According to the recommendation 9, cultural contex-
tualization, this product using the famous game Space Invaders establishes a
relationship with a generation that had it—the culture of gaming. It also creates a
nostalgic reminiscence (recommendation 18) making those who played this game
remember the 80s. At the same time, using a widely known concept aims to users to
have it appealing to their sense of individuality because it is a vintage piece, as the
recommendation 17 indicates.

3.5 Case Five: Rosy

Figure 5 illustrates a luminaire based on biomimicry of flamingos. The emotional
recommendation applied in this design is number 13, giving a personality of
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Fig. 5 “Rosy” Luminaire, by Daniela Camargo
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flamingo. The shape of each piece is based on the flamingo’s neck, yet, when faced
one another they form the shape of a heart, alluding to the love and beauty these
animals are often related to, as the recommendation 18 says. This luminaire can
only be lighted when they are close to each other. It attacks two emotional levels:
the behavioral level by changing the way these luminaires work (the need of being
close to each other), and the reflective level by using emotional memory to recall
romantic sentiments. It is made of oak and mahogany.

3.6 Case Six: Tokay

As can be seen in Fig. 6, this project required to be a luminaire based on biomi-
metic. The designer focused on a Leaf Tail Gecko and tried to imitate the tail of an
animal. It is complicated to detect any of the emotional conceptualization recom-
mendations presented in the study. It may be said that the sharpness of the lines and
materials can evoke a sense of edginess, but it cannot be completely said that the
designer result provokes a clear emotion. It is made of pinewood and stainless steel.

3.7 Case Seven: EARS

The project in Fig. 7 required to be a luminaire. The designers applied the rec-
ommendation number 13 in a rather interesting way. Understanding the cautious
nature of rabbits, they gave the personality of this animal placing it on a corner in
the ground. The users only observe the ears and eyes of the rabbit showing up, as if
it were looking outside from safety. This gives the design a sense of aliveness that
triggers emotion on users. It is made of stainless steel.

Fig. 6 “Tokay” Luminaire, by Alfonso Rojas
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Fig. 7 “EARS” Luminaire, by Brandon Rivas

3.8 Case Eight: Colibri

This project required to be based on biomimetic. In this case, the design of Fig. 8
chose a bumblebee as the most significant analogy. It can be said that the curviness
of lines might produce some sensations, as calm, but it cannot be assured that this
was the intention of the designer. So, it this product cannot be identified which
recommendation used the designer in the conceptualization phase. It is made of oak
and styrene plastic.

3.9 Students Survey

Based on the answers given by the study group, the following statements can be
made:

1. The reading of the recommendations is entertaining and easy. Every answer in
that regard qualified them as either “entertaining” or “very entertaining”.
According to that the recommendations can be consulted or read again easily.

Fig. 8 “Colibri” Luminaire, by Ailin Terrazas
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This also helps to share the recommendations with other designers and
engineers.

2. The designers felt the concepts were easy to understand. It means that the
difficulty will not disserve the applicability of these recommendations. The
doubts will not stop designers to apply them.

3. From the study group, only a 15% declared to have notions on what emotional
design is; the rest admitted that it was a new concept for them. This could be a
problem for the recommendations, as the designers jumped into a field they
knew nothing about, yet, this also means that it was a perfect chance to test the
capabilities of the recommendations when introducing designers into the world
of emotional design. The recommendations present an opportunity for the
designers to have an expertise in emotional design and improve their products.

4. Eighty percent of the study group feels that they now have good fundaments on
how to conceptualize based on emotional design. The rest believes to have
gained a medium amount of knowledge about it. Nevertheless, information
related to point three underlines that these recommendations had improved the
knowledge of the participants, and they felt sure about the application of them.

5. Eight out of nine designers confessed that they are not used to implement the
conceptualization phase on their design processes. This might affect the study in
two manners: on one side, not being familiar with the conceptualization process
might make a first contact tedious or useless; on the other side, it grants the
possibility to generate a fundamental working habit on the design process of
these individuals. If they learn and internalize this habit, later on, they can work
starting from a good base.

6. The entirety of the study group feels that the recommendations do manage to
provide a good starting point for their design conceptualization. They believe
that emotional concepts are well presented and grade the recommendations as
either “useful” or “very useful”. Furthermore, they claim that they would use it
again and that they would recommend them to other designers. It is a positive
result, in the sense of sharing knowledge and propose improvements in the
future.

7. The study group felt that there is space for improvement, as a third of the
designers spoke about the need for more and more explicit examples for each of
the concepts on the recommendations. These examples can summarize all the
information and promote a better comprehension, according to the different
ways or manners of design.

4 Conclusions

Although the recommendations are at an early stage, five out of eight of the
resulting projects managed to incorporate values and concepts related to emotional
design. Several of the projects concluded in the design of a luminaire based on
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biomimetic. It could be considered a positive result if it is taken into account that
almost all of the student designers had no real knowledge of emotional design and
no real knowledge of how to conceptualize.

Students who applied some of the recommendations on their products qualified
them as useful, easy to understand, easy, and fun to read. Moreover, they agree that
the recommendations are a good starting point for their design processes when
aiming for emotional responses.

Finally, according to resulting products designed by students, it seems that these
recommendations can help industrial designers to transmit emotional concepts to
products. These strategies could be of great interest for industries to develop
products which could attract new consumers by addressing their emotional desires
and needs.

References

Alvarez, A., Pérez, R., Aguilera, O., & Riba, C. (2008). Analisis conceptual del disefio de gradas a
través del método Kano. Rev Ciencias Técnicas Agropecu, 17, 31-35.

Aumer-Ryan, P. (2005). Understanding emotional design: origins, concepts and implications.

Beitia, A., Vergara, M., Gonzalez de Heredia, A., Beitia, A. (2009). Ingenieria Kansei: La
Influencia de la Escala en la Aplicacion del Diferencial Semantico. In: XIII Congreso
Internacional de Ingenieria de Proyectos. Badajoz, pp. 1811-1822

Bradley, M., & Lang, P. (1994). Measuring emotion: the self-assessment manikin and the semantic
differential. Journal of Behaviour Psychiatry, 25, 44-59.

Calvillo Cortés, A. B., & Falcon Morales, L. E. (2016). Emotions and the urban lighting
environment. SAGE Open. https://doi.org/10.1177/2158244016629708.

Carbon, C. C., Faerber, S. J., Gerger, G., Forster, M., & Leder, H. (2013). Innovation is
appreciated when we feel safe: On the Situational dependence of the appreciation of
innovation. International Journal of Design, 7, 43-51.

Crilly, N. (2011). Do users know what designers are up to? Product experience and the inference
of persuasive intentions. International Journal of Design, 5, 1-15.

Desmet, P., & Fokkinga, S. (2013). Ten ways to design for disgust, sadness, and other enjoyments:
A design approach to enrich product experiences with negative emotions. International
Journal of Design, 7, 19-36.

Desmet, P, van Erp J, Karlsson MA (2008) Design and Emotion Moves. Cambridge Scholars
Publishing

Desmet, P., Wassink, P., & Susa Group (2012). PrEmo (Product Emotion Measurement
Instrument). http://studiolab.ide.tudelft.nl/diopd/library/tools/premo-product-emotion-measure
ment-instrument/. Accessed 16 Feb 2017

Forlizzi, J., Saensuksopa, T., Salaets, N., Shomin, M., Mericli, T., Hoffman, G. (2016). Let’s be
honest: A controlled field study of ethical behavior in the presence of a robot. In: 25th IEEE
International Symposium on Robot and Human Interactive Communication, ROMAN,
pp. 769-774.

Gray, J. R., Braver, T. S., & Raichle, M. E. (2002). Integration of emotion and cognition in the
lateral prefrontal cortex. Proceedings of the National Academy of Sciences of the United States
of America, 99, 4115-4120. https://doi.org/10.1073/pnas.062381899.

Hashim, A. M., & Dawal, S. Z. M. (2012). Kano model and QFD integration approach for
ergonomic design improvement. Procedia Social and Behavioural Sciences, 57, 22-32. https://
doi.org/10.1016/j.sbspro.2012.09.1153.


http://dx.doi.org/10.1177/2158244016629708
http://studiolab.ide.tudelft.nl/diopd/library/tools/premo-product-emotion-measurement-instrument/
http://studiolab.ide.tudelft.nl/diopd/library/tools/premo-product-emotion-measurement-instrument/
http://dx.doi.org/10.1073/pnas.062381899
http://dx.doi.org/10.1016/j.sbspro.2012.09.1153
http://dx.doi.org/10.1016/j.sbspro.2012.09.1153

A Series of Recommendations for Industrial Design ... 185

Hepach, R. (2011). Conceptualizing emotions along the dimensions of valence, arousal, and
communicative frequency—implications for social-cognitive tests and training tools. Frontiers
in Psychology, 2, 1-9. https://doi.org/10.3389/fpsyg.2011.00266.

Hirata, R., Nagamachi, M., Ishihara, S. (2004). Satisfying emotionals needs of the beer consumer
through kansei engineering study. In: Proceedings of the 7th International QMOD Conference.
University of LinkOping and ITESM.

Kalashnikov, V., Kalashnykova, N. 1., Acosta Sanchez, Y. G., & Kalashnikov, V. V. (2014).
Affective engineering in application to bi-level human migration models. In J. Watada, H.
Shiizuka, K.-P. Lee, T. Otani, & C.-P. Lim (Eds.), Industrial Applications of Affective
Engineering (pp. 27-38). Cham: Springer International Publishing.

LeDoux, J. (2000). Emotion circuits in the Brain. Annual Review of Neuroscience, 23, 155-184.

Lloyd, P., Hekkert, P., van Dijk, M. (2006). Vision in product design.

Mondragén Donés, S., Vergara Monedero, M., & Company Calleja, P. (2006). Diferencial
Semantico: Una Herramienta al Servicio del Disefio Emocional de Maquinas Herramientas.
XVIII Congreso Internacional de Ingenieria Grdfica (pp. 124-125). Barcelona: Espaiia.

Nepal, B., Yadav, O. P., & Murat, A. (2010). A fuzzy-AHP approach to prioritization of CS
attributes in target planning for automotive product development. Expert Systems with
Applications, 37, 6775-6786. https://doi.org/10.1016/j.eswa.2010.03.048.

Norman, D.A. (2004). Emotional design: why we love (or hate) everyday things.

Norman, D.A. (2014). Emotional design: People and things. In: jnd.org. https://www.jnd.org/dn.
mss/emotional_design_pe.html. Accessed 1 May 2014

Roberts, K. (2005). Love marks, the future beyond brands. Power House Books

Sacharin, V., Schlegel, K., Scherer, K. (2012). Geneva emotion wheel rating study. Geneva

Shahin, A. (2004). Integration of FMEA and the Kano model: An exploratory examination.
International Journal of Quality and Reliability Management 21, 731-746. https://doi.org/10.
1108/02656710410549082

Shen, X. X., Tan, K. C., & Xie, M. (2000). An integrated approach to innovative product
development using Kano’s model and QFD. European Journal of Innovation Management, 3,
91-99. https://doi.org/10.1108/14601060010298435.

Spillers, F. (2004). Emotion as a cognitive artifact and the design implications for products that are
perceived as pleasurable. Experience Dynamics https://www.experiencedynamics.com/about.
Accessed 13 June 2014

Spillers, F., & Asimakopoulos, S. (2014). Does social user experience improve motivation for
runners? A Diary Study Comparing Mobile Health Applications. Lecture Notes in Computer
Science (including subseries Lecture Notes in Artificial Intelligence and Lecture Notes in
Bioinformatics) 8520 LNCS pp. 358-369. https://doi.org/10.1007/978-3-319-07638-6_35

Tractinsky, N. (1997). Aesthetics and apparent usability: Empirically assessing cultural and
methodological issues. In: Proceedings of the ACM SIGCHI Conference on Human Factors in
Computing Systems. ACM, Atlanta, pp. 115-122

Tractinsky, N., Katz, A. S., & Ikar, D. (2000). What is beautiful is usable. Interacting with
Computers, 13, 127-145. https://doi.org/10.1016/S0953-5438(00)00031-X.

Wang, T., Ji, P. (2010). Understanding customer needs through quantitative analysis of Kano’s
model. International Journal of Quality and Reliability Management 27, 173—184. https://doi.
org/10.1108/02656711011014294


http://dx.doi.org/10.3389/fpsyg.2011.00266
http://dx.doi.org/10.1016/j.eswa.2010.03.048
https://www.jnd.org/dn.mss/emotional_design_pe.html
https://www.jnd.org/dn.mss/emotional_design_pe.html
http://dx.doi.org/10.1108/02656710410549082
http://dx.doi.org/10.1108/02656710410549082
http://dx.doi.org/10.1108/14601060010298435
https://www.experiencedynamics.com/about
http://dx.doi.org/10.1007/978-3-319-07638-6_35
http://dx.doi.org/10.1016/S0953-5438(00)00031-X
http://dx.doi.org/10.1108/02656711011014294
http://dx.doi.org/10.1108/02656711011014294

Indexing and Mapping Examples M)
of Heuristics Compiled from TRIZ ke
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and Julio C. de Carvalho

Abstract TRIZ is recognized as an effective and systematic approach for inventive
thinking and includes several tools, including Inventive Principles, Standard
Solutions and Separation Principles. These tools are what we term Inventive
Heuristics. Heuristics are cognitive strategies that direct problem solvers to areas of
the solution space where promising solutions are more likely to be found. Examples
of Inventive Heuristics are the Inventive Principle ‘Dynamization’ and the Standard
Solution ‘1.2.2°. TRIZ contains a relatively high number of Inventive Heuristics
(469 were found in a previous study), which requires significant time to be
understood, selected and applied. Another problem concerns the existing repetitions
of heuristics, which entails significant practical demands, especially for newcomers
to TRIZ. To address the last issue, a compilation of Inventive Heuristics was
created, thus reducing the total number of Inventive Heuristics to 263, leaving only
the original heuristics and eliminating overlaps. This chapter presents an index and
examples build on the created compilation, which is structured in a catalogue, thus
facilitating its learning and use. This chapter describes the research strategy, the
mapping examples, index structuring and the practical use of the Heuristics
Catalogue in a case study that is related to solving classical TRIZ problems. The
authors expect that the use of the catalogue will simplify the process of applying
TRIZ and will result in faster invention and innovation cycles.
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1 Introduction

TRIZ methodology is recognized for its efficient, systematic product ideation and
inventive problem-solving (Ilevbare et al. 2013). The central purpose of TRIZ is to
foster inventive thought; thus, this methodology has a logical and systematic
structure that provides repeatability, predictability and reliability while creating
solutions to a problem (Rousselot et al. 2012). Therefore, this method is distinct
from intuitive methods, which remain widely used in the ideation process in
industry and scientific research, despite the fact that their use often leads to
unpredictable or unrepeatable results (Barry et al. 2010).

Ilevbare et al. (2013) emphasize that the TRIZ methodology has been expanding
and applied in several universities in more than 35 countries, in addition to a
growing number of global companies and organizations, such as General Electric,
Procter and Gamble, Intel, Samsung, among others, who find in TRIZ a useful
method to stimulate the development of innovative products in a systematic way
(Souchkov 2008). The effectiveness of its application in global organizations
demonstrates its potential for replication and effectiveness. Betting on its applica-
tion within the context of Latin America can generate ideas that foster innovation
and assist in the economic growth of markets still under development.

According to (De Oliveira 2001), technological training includes the individual
ability, as well as the capacity of integration and synergy of an organization,
involving technical, managerial and institutional specialties. It depends, among
other things, on education and training. It is through training that a nation or region
can assimilate the new knowledge and apply it in production processes, as well as
creating a favourable environment to technological innovation.

The most commonly used way to envisage the result of investments in tech-
nology and technological innovation is through Total Factor Productivity (TFP),
since the adoption of new methods and techniques of production, as well as
investment in human and physical capital, can generate externalities capable of
adding positive effects on economies of scale (CEPAL 2010). In Latin America, the
rate of TFP, according to CEPAL, is historically low compared to developed
countries.

De Oliveira (2001) emphasizes that to encourage the continuous innovation of
the policies of Latin American countries, the following fronts should be empha-
sized: technology and applied science; reorganization and modernization of the
productive sector; viability of permanent instruments, the incorporation of new
technologies and international cooperation. In this context, the use of tools that
promote and encourage innovation, such as TRIZ, which provide global examples
of technological innovation as a reference can become an important step for eco-
nomic development.

TRIZ application entails the use of many tools and concepts that include
inventive principles and combinations, patterns and templates, which can be termed
inventive heuristics. The main objective of a heuristic is to aid in problem-solving
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by making the process more efficient through the sharing of previous experience,
and thus to guide the generation of solutions to new problems (De Carvalho et al.
2003).

1.1 Problem

Tessari and De Carvalho (2015) noted that even the inventive heuristics of TRIZ
that are used as tools for troubleshooting require significant time to be understood,
selected and applied due to their high number (approximately 470). This large
number represents an obstacle for newcomers to TRIZ.

To overcome this problem, the authors performed a compilation of heuristics,
finally reducing their number significantly (of the 469 heuristics analyzed, 263
remained). However, the authors recognize the need for future studies that satisfy
not only the goals of compilation but also the exemplification and indexing of these
heuristics.

1.2 Goal

Based on the above discussion, the following study aims to develop a catalogue con-
taining the 263 inventive heuristics of TRIZ that were previously compiled by Tessari
and De Carvalho (2015) by indexing and exemplifying these heuristics. The purpose is
to contribute to the application of the heuristics by developing a more didactic model
while providing textual and visual descriptions for the examples to aid in their
understanding and effectiveness when applied by designers who are new to TRIZ.

1.3 Rationale

TRIZ tools allow the generation of better ideas while solving problems effectively
and creatively with continuous improvement (Rantanen and Domb 2010). Thus, the
use of TRIZ is an excellent way in which companies seeking innovation can
consolidate their positions in the market and differentiate themselves from their
competitors (Marques 2014). One of the core competencies for training and gen-
erating creative ideas is related to the knowledge and skills that are acquired
deliberately from outside specific designer practice areas (Epstein et al. 2013; Kwon
et al. 2015).

Therefore, it is appropriate to exploit the universal features of TRIZ and its
heuristics by mapping examples from other areas such as chemistry, physics,
biology and medicine to ensure the most efficient problem resolution process by
sharing experience and inspiring designers to explore new directions.
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2 Research Method

The research is focused on the qualitative analysis of interpretative characteristics
(Caleffe and Moreira 2006). It follows an exploratory approach that enables
research on a given issue or situation, which then provides insights for further
research (Reis 2008). To validate this procedure, a comparative method is used to
analyze and interpret existing similar material in the literature (Marconi and Lakatos
2007).

The comparison process used to validate the catalogue is analogous to the
method of numerical model validation. The numerical method produces some
results, which are then the subject of a benchmarking process. Then, the results are
compared to the results of a pre-established reference model, such as a physical,
experimental or other numerical models (Jauregui and Silva 2011). Thus, the
strategy to validate the catalogue relies on a reference model that corresponds to
previous problems using inventive solutions that are recognized for their effec-
tiveness and innovation within the Classic TRIZ approach.

The chapter has four sections: (1) A bibliographical analysis of the TRIZ
heuristics groups compiled by Tessari and De Carvalho (2015). (2) Some mapping
examples and analysis of existing indexes. (3) The results of structuring the unified
index and examples within the Heuristic Catalogue. (4) A case study to validate the
Heuristic Catalogue and demonstrate the guidelines for their use.

2.1 Heuristic Compilation by Tessari and de Carvalho

Tessari and De Carvalho (2015) performed a literature review following a historical
line to clarify which of the selected heuristics groups were originally designed in
Classic TRIZ. Then to evaluate all others that were developed as ‘improvements’ of
the original groups.

The research conducted by the authors was focused on six main groups of
heuristics: (1) The 40 Inventive Principles (PIs) that were developed by Altschuller
from 1956 through 1971 (Altshuller, 1998). (2) The 76 Standard Solutions
(Altshuller et al. 1999). (3) The 121 Heuristics (De Carvalho et al. 2003). (4) Six
heuristics published as ‘New Sub-Principles’ of the original 40 PIs (Savransky
2000). (5) The combined principles, including 37 combinations of Inventive
Principles (Mann 2002). Finally, (6) The 63 templates of the General Theory of
Innovation (GTI) (Yezersky 2006).

Before starting the confrontation and compilation of the 469 heuristics present in
these six groups, all heuristics were rewritten according to the following syntactic
functional pattern to facilitate comparison: <verb> + <object> + <complement>.

In the above standard use, the infinitive answers the question ‘what to do?’, the
object answers ‘do it with what?’ and the addition answers ‘how, when and where
to?” Thus, the central intent of each heuristic was immediately assessed, which the



Indexing and Mapping Examples of Heuristics Compiled from TRIZ 191

authors understand to facilitate the comparison. Tessari and De Carvalho (2015)
defined two exclusion criteria for their comparison: i. Heuristics with the same
meaning in their descriptions should be eliminated. ii. Heuristics with common
examples should be removed. Accordingly, more heuristics are eliminated in each
group, and the remaining 263 heuristics are considered unique.

2.2 The Importance of Examples for TRIZ Heuristics

With an analysis of the six groups compiled, it was possible to identify the presence
or absence of examples. The lack of an example, or the little care used in its
description, makes the process of assimilating the meaning and relevance of
heuristics much slower and more difficult for the designer.

Problem-solving through analogies can be defined as a strategy of transferring
knowledge from past problem solutions to new problems. Thus, it is possible to
relate past experience of resolution and transfer knowledge to the construction of
specific problem solutions (Mayer 1992). The examples presented below are
intended to demonstrate the importance of examples for the applicability of
heuristics and the relevance of their analogies for solving new problems.

The software Innovation Workbench Software System™ (Zlotin and Zusman
2005), presents textual/illustrated examples of solutions for some heuristics. The
heuristic ‘Inversion—Replace one action with a counteraction’ is illustrated in
Fig. 1.

The example relates to controlling the athlete’s running rhythm during training:
Correct control of the race rhythm occurs when the athlete has an understanding of
when to run at a moderate or fast pace. The most efficient method of training is
then, instead of the athlete running on a track, to have the athlete run on a treadmill
while the trainer varies the speed, thus being able to control the athlete’s pace
precisely.

Fig. 1 Example of the ‘Inversion’ heuristic (Zlotin and Zusman 2005)
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2.3 Researching Examples

The following procedure was applied to achieve the goal of mapping examples for
each of the heuristics:

Identification of examples existing among the references discussed by the pre-
cursor authors of each of the six heuristics groups;

Analysis and selection of complementary examples within the literature;
Searching for new examples or improved examples when (1) The existing
examples do not clarify the relationship between the example and the heuristics
and/or when the description is very superficial; (2) When existing examples are
too complex and/or difficult to understand due to insufficient textual and/or
visual explanations; (3) When no examples are available for the heuristics in the
literature.

For heuristics relating to Combined Principles, no examples were found in the

literature. Thus, this group covering ‘46 Combined Principles’ required a search
targeting new examples.

The method used to find new examples included the use of symbolic analogy

(Back et al. 2008). This method involves the use of keywords that express the
condensed form, function and attributes of each heuristic. The search procedure for
new examples can be described in the following steps:

Choosing keywords representing the function and attribute that are directly
associated with the terms used in the heuristics description.

Using synonyms, as well as more specific and more general terms and attributes,
to perform a new query and reach satisfactory results. For instance, for the
heuristic regarding the Principle Combined ‘41—Reducing the weight of the
individual parts’, a keyword that was directly related to a function used while
searching for the examples was ‘reduced weight’ (Reduce weight); further
synonyms and/or words with similar meanings were explored such as ‘Decrease
weight’, ‘Reduce dimensions’ and ‘lighten’. The attribute function ‘Structural
Optimization” was also used to search for examples—Fig. 2;

) weight / dimensions of s essentiol as it has 10 withsiand loods

STRUCTURAL OFTIMIZATION IN THE
CONCEPT OF A VEHICLE

Structural opfimizotion was applied in
Stren r:url the daesign of on electic vehicle fo
1 ghien the i obio IIOQeoUs Qecmalny. For
IREDUCE WEIGHT that support the main creafing a ond efficient vehicle.

| load by reducing the the performance of o vehicle's siructure

Reduce the weight

ond be ightweight. The project
of individual parts OMer PO,

proposes a reduction of weight in the
body.

of vehicle In

ot 41 o Principie Combined 418

Fig. 2 Catalogue’s heuristic structures with example
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Mapping and selecting potential examples relating to the heuristics;
Writing a description of the example that emphasizes the relevant features of the
system and their connection to the heuristics;

¢ Finding visual examples (images, graphics, photographs, etc.) that correspond to
the selected example and are easily assimilated.

The research process was focused on situations, processes and real products in
which enhanced creativity and greatly improved competitiveness due to the inno-
vation were evident. The research sources including online databases, patents,
online magazines and books, among others.

2.4 Analysis of Indexes

The compiled heuristic groups are fundamental to the composition of the unified
heuristic catalogue. Thus, we compared the proposed indexes in five of the groups
described above, excluding only the group of ‘Six Principles’ by (Savransky 2000),

which has no index indication, as shown in Table 1.
This analysis allowed the identification of existing common indexes in different
heuristics groups as follows:

e The classes ‘Transformation in Space’ and ‘Transformation in time’ are pre-
sented in three different groups: i. 121 Heuristics (De Carvalho et al. 2003); ii.
Templates (Yezersky 2006); and iii. The inventive principles index for physical

contradictions (Mann 2002);

Table 1 Comparison between existing indexes

40 inventive Standard 121 Heuristics Combined Templates
principles solutions principles
1. Transformations | 1. Building and 1. Shape 1. Physical 1. Addressing a
in space destroying transformations performance problem at a
su-field higher system
models level
2. Transformations | 2. Enhancing 2. Structure 2. Efficiency 2. Problems
in time su-field transformations related to
models time
3. Separation on 3. Transition to 3. Transformations | 3. Ility 3. Problems
condition the super- in space related to
system and space
micro-levels
4. Transition to an | 4. Standard 4. Transformations | 4. Manufacture/ | 4. Prevent a
alternative solutions for in time cost negative
system detection and event from
measurement happening

(continued)
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Table 1 (continued)
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40 inventive Standard 121 Heuristics Combined Templates
principles solutions principles
4.1 Transition to a | 5. Standards for | 5. Transformations | 5. Measurement | 5. Incorrect
subsystem applying of movements range/output
standard and forces function
solutions
4.2 Transition to a 6. Transformations 6. Poorly
super-system of a material controlled
action
4.3 Transition to an 7. Expedients of 7. Standard
alternative differentiation restriction on
system a potential
solution
4.4 Transition to an 8. Quantitative
inverse system changes

e The class “Transition base system for a super-system or a micro-level (sub-
system)’ can also be found with similar nomenclature in three groups: i.
Inventive Principles (Mann 2002); ii. Standard Solutions (Altshuller et al. 1999);
and iii. Templates (Yezersky 20006);

e The class ‘Measurement and Detection’ is suggested in two groups: i. Standard
Solutions (Altshuller et al. 1999) and ii. Combined Principles (Mann et al.,
2010).

(De Carvalho et al. 2003), also, compare and classify 40 Inventive Principles
within the proposed classes for the 121 heuristics. The results obtained show that
these heuristics are not directly related but are complementary, emphasizing the
importance of the existence and interaction of each heuristic group.

2.5 Previous Similar Studies

Calle-Escobar et al. (2014) Proposed a methodology that consolidates heuristic
rules and application examples from different areas (e.g. engineering, industrial
design and biology). This approach encompasses three phases. The first one,
structuring, is related to the understanding of the problem itself (decomposition of
the problem into functional blocks). The second, the formalization of the problem,
where the subsystem to be redesigned is selected, and the cause and effect method is
used to analyze the selected subsystem. The third, resolution, is where the imple-
mentation of the 78 heuristic rules occurs. It is suggested to carry out a brain-
storming later. The methodology proposed allegedly enables designers to
understand how the different principles of solution can be integrated into their
creative processes.
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Daly et al. (2012) proposed the ‘Heuristic Project’. The study carried out by the
authors started with the analysis of the ideation process of engineers and designers.
The focus is on developing the ability of students and professionals to design inno-
vative solutions to the increasingly complex problems in today’s world
(DUDERSTADT 2008; Sheppard et al. 2009). According to the authors, when con-
sidering a diverse set of potential concepts, the designer is more likely to come up with
new and innovative solutions (Brophy 2001; Liu et al. 2003). However, designers
often focus on specific options generated early in the design process. In this context,
the set of heuristics identified by the authors in previous empirical studies provided
instructions for the development of ‘Cards’ to assist designers in search of new ideas.
The strategy used in the ‘Cards’ includes the description of the heuristic, represented
by an abstract image which describes its application, and two examples of products
that show how the heuristic is evident in existing consumer products.

According to Daly et al. (2012), the cards developed in the ‘Heuristic Project’
are not design rules that should be followed, but strategies to facilitate the process
of ideation itself, increasing the variety of combinations and developing ideas in
unusual directions. As a result, it was observed that the designers who used the
cards explored different alternatives, generating much more creative concepts. The
authors consider that the uses of heuristics, together with their examples, have a
high potential for generating new and creative solutions.

2.6 Considerations on the Theoretical Framework

Considering the heuristics compiled by Tessari and De Carvalho (2015), some
examples were found for five of the six groups studied. However, in many cases,
existing examples had a superficial description, not enough to illustrate the heuristic
and even some of these examples were too complex, and then, difficult to con-
ceptualize simply. So, the need to search for more didactic examples became clear.

The two models analyzed for similar studies, in Sect. 2.6.1, allowed an under-
standing of how such an approach could be effective. However, it is important to
emphasize that none of the approaches demonstrates the use of an index to organize
heuristics, which can make their selection and application difficult in a practical
way. Besides, the heuristics studied by these authors do not encompass all compiled
inventive heuristics of TRIZ.

The previous sections allowed the identification of points for improvement in the
inventive heuristics of TRIZ because they require significant time to be understood,
selected and applied due to their high number. It is evident the importance of
standardizing an index that unifies the heuristics compiled by Tessari and De
Carvalho (2015), while at the same time making its application accessible even to
less experienced designers. The new examples found proved to be of great rele-
vance by making the understanding of heuristics clearer.
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It is understood that the use of examples allows a better comprehension of
heuristics and the generation of analogies with processes and products already
implemented. Although the examples available are not of the specific area of the
designer, they can foster and stimulate creativity and then, to facilitate the ideation
process in another project.

2.7 Results

This section presents the final structure of the unified index and images that
graphically demonstrate some classes and examples within the proposed Heuristic
Catalogue.

2.8 Unified Index

In the analysis described above, it was considered that the structure of an index with
more specific categories, focused on individual functions of each heuristic.
Although relevant, could hinder the connection and classification process of dif-
ferent groups due to the high number of heuristics. Furthermore, it was observed
that more specific classes, containing special features of each heuristic, would form
an index exhibiting a wide variety of parameters, but containing a smaller number
of these heuristics. This factor could hinder a designer’s decision due to the variety
of classes to choose from, and the risk remains of not finding within the class the
best heuristics to solve a problem. Hence, the decision was to adopt a uniform index
model with broader classes.

However, with a more embracing index, the number of heuristics to be analyzed
for each class is greater. This makes the selection process more time-consuming for
the designer but increases the chances of finding a more appropriate solution. Thus,
ten classes were defined for the 263 compiled heuristics. Figure 3 presents the
proposed unified index and the associated classes:

Table 2 contains a description of each Heuristic Class.

2.9 Directing the Heuristics for Each Class

The targeting process by which each heuristic was compiled into classes involved
an individual analysis of their features and functions, thus assigning them to classes
of greater affinity. Also, the original classifications proposed by Altshuller et al.
(1999), Mann (2002), De Carvalho et al. (2003), Yezersky (2006), Mann et al.
(2010), was considered. That is, the classes that were shared between indexes
described by different authors were included in a combined index, and their
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Fig. 3 Heuristic classes and unified index

Table 2 Description of heuristic classes

Classes Description

1. Shape transformations Considers the physical properties of the external geometry and
the internal characteristics of the system. This class is aimed at
improving ergonomics, optimizing the use of the raw material,
and increasing safety, among others

2. Structure transformations This class refers to the provision and organization of the
essential elements that comprise the system and includes
system optimization, standardization and improving
reliability, among others

3. Transformations in space This ‘space’ comprises the area occupied by a system in one
dimension, distance, area or volume. The class is aimed at
eliminating the need for an object, the use of unoccupied space
and the use of another dimension, among others

4. Transformations in time Heuristics in this class suggest ways of solving problems that
relate to the need for additional time, time control and the
postponement of action, among others

5. Transformations of This class is related to the action of a system in terms of

movements and forces carrying out tasks and includes the reduction of effort and
energy losses and altering the frequency of movement by
eliminating needless actions, among others

6. Transformations of a This class is related to the resolution of problems related to the
material incompatibility, waste, inefficiency and low reliability of the
materials that comprise each system
7. Transformations of a This class proposes the systematic analysis of problematic
system situations by considering the relationships within and between

systems at different levels and aims to modify parts to improve
function and reliability and differentiating between systems,
among others

(continued)
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Table 2 (continued)
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Classes

Description

8. Measure and detect

This class relates to the difficulty of detecting and measuring
processes such as the inspection or analysis of complex and
costly operations

9. Prevent a negative event

This class is related to solving issues involving harmful
effects, insufficient and/or excessive relationships,
unnecessary and dangerous influences, among other
interaction problems within the project

10. Leverage resources

This class focuses on restrictions related to the introduction of
new substances or fields within the system and proposes the
use of existing resources and environmental fields, such as
phase transitions and adding elements and fields that
decompose, among others

heuristics were grouped. Certain heuristic relationships represent more than one
category and were therefore repeated; the same example was used in the different

classes.

In Fig. 4, the distribution percentage of the heuristics in each class is shown.

Each class grouped from 15 to 37 Main Heuristics. Groups which presented
repeated heuristics within the classes include the Inventive Standards, Combined
Principles, Templates, and especially, the Inventive Principles. This is mainly due
to the more general and comprehensive character of this heuristic group.

In Fig. 5 The graphic structure of the Heuristics Catalogue is illustrated.

Leverage
Resources

Prevent
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Measure and 8%
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Transformations
of a System

18%

Fig. 4 Heuristic distribution per class
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Fig. 5 Graphical structure of the heuristic catalogue

2.9.1 Heuristics Catalogue Guidelines

The following steps demonstrate how designers and problem solvers can optimize
the use of the compiled heuristics catalogue, and select the class most appropriately
within the unified index. The application of steps 1 to 3 can be seen in the case
study of this chapter, in Sect. 4.

e Step 1: Define the Problem: The guideline proposes a form that can support the
description of the Problem (Table 3). The form is based on TRIZ tools such as:
‘Problem Hierarchical Explorer’ (Basadur 1996), ‘Window Operator’ or ‘Ideal
End Result’ (Mann 2002);

e Step 2: Solution search: Define ‘What is the cause of the problem?” And ‘Where
is the solution opportunity?’ The response should be directed to select one of the
unified index classes.

e Step 3: Selection of Heuristics and Particularization: after class selection,
designers will have access to heuristics with examples of specific solutions.
These should be analyzed abstractly to find functional affinities with the specific



200 E. L. Silveira et al.

Table 3 Step 1—problem definition

Questions Response
1. What is the original problem (be Curved pipe pieces (elbows) in shot-blasting
specific)? machines (steel) are damaged due to the speed at
which the grit passes through the elbows
2. What is the general problem? Elements that rub and generate wear
3. What is preventing us from solving The use of more resistant pipes would increase the

the problem? What else is a problem? | cost. Input protection elements will be damaged
by grit when travelling at speed. However, the use
of grit increases blasting efficiency

4. What is needed to solve this problem? | Increase the blasting efficiency, prevent damage to
system components, reduce material loss and
reduce costs

5. What is the ideal final result? The pipe protects itself

problem to be solved. The selected heuristics must be particularized, generating
ideas to solve the specific problem;

e Step 4: Generated Ideas: If the solutions found are still not satisfactory, it is
recommended to define the problem again and/or select a new class or heuristic.
However, if ideas are considered sufficient, it is recommended to apply evalu-
ation methods to identify the proposed solution with the greatest potential for
subsequent implementation.

The systematic process depicted by the guidelines indicates how to proceed to
obtain an efficient and creative concept for problem-solving. The process of
abstraction and particularization assists in the generation of analogies to solve the
specific problem, allowing a more efficient compared with the solutions of other
well-solved similar problems.

3 Case Study

The following case study proposes a comparison to validate the notion that the
ideas generated by the catalogue are consistent and resemble reference solutions
that were previously proposed in the Classic TRIZ literature.

3.1 Case Study ‘Pipe for Blasting Grit’

Grit blasting is a classic method for cleaning or polishing metal. However, curved
sections known as ‘elbows’ in pipes made of polymeric material that are present in
certain steel shot-blasting machines are damaged due to the speed and pressure with
which the grit passes through the pipe. To protect the pipes, some coating should be
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Fig. 6 Grit being transported in pipe elbow (Fey and Rivin 2005)

used; absent such a need, no coating should be used because such coatings would
be eventually damaged and increase the cost. This physical contradiction needs to
be addressed (Savransky 2000).

Classic TRIZ suggests the following inventive solution: The grit can itself serve
as a coating. A magnet placed on the outside of each curve such that it covers the
wear region can extract some of the grit particles from the stream, thus forming a
layer of protection inside the elbow (Fig. 6).

To reach this solution, the use of the Standard Solutions method covering the
following heuristics (Standard Solutions 1.2.2) is proposed: ‘Eliminate harmful
interactions by introducing a ‘new’ substance that is the modification of an existing
substance’. Thus, the ‘new’ substance added to protect the elbow is not a foreign
object but is part of the system itself (the grit) (Fey and Rivin 2005).

In this case study, the solution suggested by TRIZ is used as a reference due to
the features achieved by these systems, such as simple implementation, low cost,
longer system life, ease of maintenance, and greater controllability, among others.

3.2 Heuristics Catalogue Application

Considering the solution reached using Classic TRIZ for solving the wear problem
of grit-blasting pipes as a reference, the application of the Heuristics Catalogue was
tested to ascertain whether its use could lead the user to converge to the same
solution.

To ensure the proper use of the Heuristic Catalogue, usage guidelines were
developed. These guidelines are divided into three steps and are exemplified using
this case study.

Step 1 refers to problem definition. To achieve this, a questionnaire was pro-
posed. The questions are listed in Table 3, together with some answers that are
appropriate for the case study.

By describing the specific problem, it is possible to understand that the granular
component, although causing the problem, should be maintained in the system to
ensure the efficiency of the blasting process. Thus, it is understood that for the
problem to be resolved, is necessary to prevent the harmful interaction that occurs.
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Thus, in step 2 (choosing the class), we chose to analyze heuristic class 9: Avoid
negative events.

After choosing the class, designers can access heuristics with examples of
specific solutions. These should be analyzed abstractly to find functional affinities
with the specific problem. In step 3, it is proposed to individualize the selected
heuristics, thus generating ideas to solve a specific problem set.

Three heuristics were selected for problem solution generation. These were
considered potential solutions because they allow the generation of coherent ideas
based on the proposals of Classic TRIZ and encourage new ideas.

The first heuristic selected, ‘28—Mechanical Media Replacement’ (refer to
Inventive Principle 28) suggests the use of electromagnetic fields, among others, to
interact with objects. The elbow and grit were considered as mechanical objects in
the problem. In this case, the index suggests the creation of an electromagnetic field.
For this, a possible solution would be to introduce a magnetic elbow to attract the
beads to the pipe wall, thus forming a granular blanket that would absorb the impact
energy of other metal particles; this solution is consistent with that presented by
Classic TRIZ in Fig. 7.
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Fig. 7 Heuristic 28—replacement of mechanical system
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non-magnetic materials such as
wood, metal, masonry, drywall,
plaster, among others [53].
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Fig. 9 Heuristic 46—using magnetic additives

The second heuristic, ‘48—Modify an existing substance’ (refer to Standard
Solution 1.2.2), Fig. 8, proposes the elimination of harmful interactions by intro-
ducing a ‘new’ substance that represents a modification of existing substances. This
heuristic matches the same solution like that proposed by Classic TRIZ, showing a
possible convergence of solutions. It is worth noting that the solution for ‘ship
thrusters’, an idea that relates to the generation of an ice layer, has been renewed;
that is, the avoidance of contact and damage. This idea could be implemented in the
piping system as a whole or just the elbows of a sandblasting machine.

The third heuristic selected, ‘56—Using magnetic additives as a coating on
non-magnetic objects’ (refer to Standard Solution 2.4.5), suggests the use of
additives in the form of a coating to confer magnetic properties (temporary or
permanent) on a non-magnetic object. This heuristic may also promote ideas that
are similar to those proposed by Classic TRIZ; i.e. although a polymer-based pipe
shows no magnetic properties, the introduction of a magnet to its outer surface
would provide the magnetic properties needed to attract grit, thus forming a pro-
tective layer that may be temporary (Fig. 9).

Moreover, the example of ‘Magnetic Coatings’ proposed in Heuristic 56 could
easily promote the generation of similar ideas, such as the painting of pipe elbows
with magnetic ink, which, given its concentration of ferrous microparticles, would
attract the grit to the elbows, thereby protecting it from subsequent abrasive contact.

3.3 Discussion

In the case study, the Heuristics Catalogue generated ideas that were similar to the
reference proposals generated by Classic TRIZ. In addition to similar ideas, alter-
natives were found, such as the suggestion of ‘elbow freezing’ (forming a protective
ice layer that is renewed during the process). Thus, it is reinforced not only the
potential of the catalogue in the ideation but of the TRIZ itself, since the heuristics
present in the catalogue came from it.
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Based on the Heuristics Catalogue, the heuristics of the different groups could be
viewed in a unified manner, thus enabling the beginner designer using TRIZ to
become aware of the potential of six different heuristics groups.

During the validation process, the textual and visual description of the present
catalogue example assisted in understanding the heuristic and stimulated the gen-
eration of analogies. However, the abstraction process must be carefully performed
such that potential heuristics are not incorrectly discarded by designers when they
do not perceive a direct relationship between the example and a specific problem.

4 Conclusion

In the context of the constant search for innovative solutions, this study has
demonstrated the inventive and systematic potential of TRIZ, thus emphasizing the
cognitive potential of the associated inventive heuristics and the generation of ideas
and the space exploration of different solutions.

The process of mapping examples played a key role in the understanding of
certain complex heuristics, thus creating a more didactic presentation and stimu-
lating the analogous reasoning of designers starting to work with TRIZ. Therefore,
this study is believed to have assisted the lack of systematization and exemplifi-
cation in supporting the collected heuristics.

Thinking in the context of Latin America, the application of such a catalogue can
encourage technological development, and this can create opportunities to promote
economic development. It is understood that the study is limited to one aspect of
innovation, i.e. that of the invention. However, it represents an initial step, which in
conjunction with public policies and research incentive programs can assist in the
development of the region.
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Abstract The innovation process, seen as a set of problem-solving activities needs
novel approaches to assist decision-making in the evaluation of different potential
solutions. Typical perspective as the Analytic Hierarchy Process, similarity-based
techniques, and essential performance indicators find their limits when it is nec-
essary to take into account a crucial factor: emotions. The emotional response to
unique product attributes is in fact, a determinant element to succeed in a market.
The affective computing paradigm is a recent technology that allows knowing the
person’s mood by using different strategies: the use of the camera to recognize an
image, the tone voice of a person, and the use of different sensors and wearable
devices. Some common features are the use of sensors that measure heart rate, the
excitement of an individual, and the detection of the bioelectric activity of the brain
at the instant of someone sees something specific. The affective computing has
become more relevant in the past years. Emotions are fundamental to human
experience, influencing cognition, perception, and everyday tasks such as learning,
communication, and even rational decision-making. Industry asks for a different
effective mechanism to select the best alternative during design and evaluation of
products or services, particularly in the conceptual design stage. Decisions at this
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stage will determine the primary attributes of a product. The affective computing
paradigm can show what characteristics of the product are more attractive to the
design stakeholder and allow a review before launching a product.

Keywords Conceptual design - Affective computing - Industrial design
Decision-making process

1 Introduction

Computers have begun to acquire the ability to express and recognize emotions.
Recent neurological studies underline that emotions play an essential role in human
cognition and perception. Thus, research on affective computing not only indicates
that it has the potential to assist people but also to enable computers to acquire
decision-making skills (Picard 1995). There are several techniques by which
affective computing can get the feeling of a person; some useful resources are using
a camera to capture one or several images of the user, and from their gestures or
reactions to identify, or infer their feeling. Some educational sites use this technique
frequently (Montes 2016). The voice is another way of knowing the emotions. This
method is occupied by the customer service centers to mention some
(Chorianopoulou 2016). The use of video recordings to obtain the feeling of the
users in different moments is also a technique used, although not so recommendable
in web developments due to the consumption of bandwidth when storing the video
(Bond 2017). By using various sensors that can measure the heart rate, arousal level
of a person, among other parameters. An example of sensors is the galvanic skin
response (GSR), which measures the skin conductance, which correlates with the
function of the sweat gland, which, in turn, is controlled by the nervous system.
When an individual is frightened or experiences anxiety, there is a rapid increase in
skin conductance due to the increased activity of the sweat glands (Vera-Munoz
2008). These are the most commonly used sensors. However, there are some others
like electromyogram (EMG), respiration rate (RR), which provide other function-
alities and technical resources. Affective computing initially emerged as an edu-
cational approach. Nevertheless, today is a research opportunity in other technical
areas, particularly interesting in the context of this chapter as a tool for assessing the
conceptual product design. With the use of affective computing, it is possible to
measure the responses that an individual present when observing a product, and
know which characteristics of that product are the most relevant to users. This
function is essential since currently, measuring the experience of customers with the
goal to predict or merely to identify their preferences with the goal to envelop them
in the new products or services design is a complex activity or carried out later
when there is a prototype. Focus groups and self-reports where respondents ask
about what they like or what features they want in a product are some of the most
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common strategies to deal with this problem. Despite the usefulness of typical
approaches, these methods lack reliability, since they do not capture actual
momentary feelings during the evaluation (Hyung-il Ahn 2014). The affective
computation paradigm offers new resources to evaluate the different conceptual
designs of a product or service. With this information will be possible to know what
attributes are in the customer’s taste or which create is the one that has the better
reception. The implementation of such mechanism estimates an increase of confi-
dence during the selection of a final design even before launching a test with a focus
group or launching a product to the marked.

Simultaneously, in the past years a discipline called Computer-Aided
Innovation—CAI have appeared, which combines several disciplines with the
purpose of increasing the effectiveness in the development of new products (Réne
Lopez Flores 2015; Zaripova 2014). CAI approach represents an improvement that
responds to the demands of the industry to propose tools that facilitate the devel-
opment of new products. Initially, the concept of CAI did focus on helping product
designers in the early stages of the design process. Currently, CAI systems are
perceived as an element capable of transforming business opportunities and cus-
tomer demands to crystallize these intentions into new products or processes. CAI’s
methods and tools inspired by different techniques and methodologies such as the
theory of inventive problem-solving (TRIZ), the deployment of the QFD quality
function, axiomatic design, synectics, mind mapping, brainstorming, lateral think-
ing, and Kansei engineering, among others.

The goal of these new tools is to help CAI creative performance, with the
expectation paradigm shifts using this new category of software tools (Leon 2009).
However, the CAI approach currently has several opportunity areas. In the context
of this chapter two stand out:

1. CAI systems must implement problem-solving processes based on multi-user
collaboration.

2. Itis necessary to assimilate different tools to facilitate the evaluation process, to
explore the best alternative in the conceptual design of products.

These opportunities are the central theme of this chapter and the essential elements
for proposing a research hypothesis: Incorporating affective computation into a col-
laborative problem-solving process can improve the performance of a CAl-type
solution. To explore and demonstrate this proposition, the rest of this chapter includes
six sections: A description of the Affective Computing, a brief analysis of the
Computer-Aided Innovation approach, an architecture, the evaluation tools, a
methodology, a case study, and finally, the conclusion and future work. The second
section describes the basic concepts of affective computing; the third section contains
a summary of some affective computing works with product evaluation, the fourth
element has the main elements of the CAI The fifth element describes the prototype of
an architecture of emotions detection and the sixth part deal with the evaluation tools.
The seventh section describes a basic methodology, and finally, eighth section shows
a case study. The last section contains the conclusion and the future work.
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2 Affective Computing

Affective computing is the computation that relates, arises from, or deliberately
influences emotion or other affective phenomena. Emotion is fundamental to human
experience, affecting cognition, perception, and everyday tasks such as learning,
communication, and even making rational decisions. However, technologists have
considerably ignored emotion and created an experience often frustrating for peo-
ple, partly because the effect has been misunderstood and difficult to measure.
Research in this discipline prompted the development of new technologies and
theories that deal with the crucial understanding of feelings and their role in the
human experience. Affective computing combines engineering and computing with
psychology, cognitive sciences, neurosciences, sociology, education, psychophys-
iology, value-centered design, ethics, and more (Picard n.d.).

Currently, affective computing covers several fields of study, and as mentioned
above, affective computing emerged from the need to endow computers with
“emotions”. In turn, a computer will be able to identify the emotions of users. One
of the disciplines where more study takes place is in the educational context. Over
the years, this field has evolved and adapted to discoveries and technologies.

The use of affective computing has increased, as well as the various techniques
used to obtain the emotion of a person. Day by day all these mechanisms evolve,
and new algorithms are developed to improve the accuracy when it is necessary to
get information about the emotion of a person. Table 1 lists the various techniques
used to gain the feeling of a person.

Several techniques are available to obtain the feeling of a person in a context of
product evaluation (Hyung-il Ahn 2014; Hoonhout 2008; Boucsein 2008). The
purpose of these applications is to know what alternative, among a set of potential
solutions, causes the best impression to the customer. Also, the application aims to

Table 1 Techniques for obtaining the feeling of a person

Technical Description Applications

Pictures To identify the user’s emotion by taking a set of HTC and spotify
photographs (face) mood player

Videos As with photography, one obtains the feeling of the user EmoVu player

through his face and posture. The difference is that it is
possible to know the emotion of the person in the different
periods of time that the video lasts

Voice One of the alternatives is using a microphone to record the EMO speech
tone sound and from the audio and voice tone to get the emotion

of the user
Sensors There are several sensors to obtain human data such as Galvactivator

heart rate, skin conductance, sweating, the stress of an
object, which determine the degree of anxiety of a person,
the level of excitement of an individual to see something
specific that attract your attention
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uncover what specific features are received better by the user. Each technique has
its advantages and disadvantages. For example, the skin conductance sensor
determines the degree of excitation of a person and has high accuracy, but results
will be obtained only for those using the sensor and with the appropriate equipment.
On the other hand, techniques of facial photographs and videos have lower accuracy
than the sensors. However, these techniques can be occupied in a massive way
among the users using the collective intelligence and then, obtain a higher amount
of results and evaluations. Intensification in the use of mobile devices facilitates the
adoption of this technology. Hence, a website can provide affective computing tools
to registered users.

The application of affective computing occurs in different approaches such as
educational, medical, and in recent years, to the business domain. The latter being
the least exploited. Since affective computing is becoming more relevant in this
area, it is necessary to combine diverse ways for better results, a greater diversity of
application domains including among them the Computer-Aided Innovation (CAI).
Given the importance of CAI in the context of this chapter, the following section
describes their key features.

3 State of the Art

Currently, the use of affective computing has grown in different areas; one of them
is the evaluation of some products. This section presents some important works.
Patwardhan (2013) mention that consumer often reacts expressively to products
such as food samples, perfume, jewelry, sunglasses, and clothing accessories. Thus,
the author proposes a multimodal affect recognition system to classify whether a
consumer likes or dislikes a product tested at a counter or kiosk. The information
about the consumer is obtained through the analysis of the consumer’s facial
expression, the body posture, hand gestures, and the voice after testing the product.
The recognition system was developed in the c# language. Also, it uses the
Windows Kinect to connect the camera and the microphone and thus to collect the
images of the user and their voice. The system offers the user the possibility to
enable or disable the different devices according to the stimulus that the system will
sensate. The system works with five basic emotions: angry, disgust, happiness,
scare, and sadness. According to the author, the most frequent emotions were angry,
disgust, and happiness. Finally, this work concludes that a multimodal system gives
better results than a unimodal system for the products’ feedback through a system’s
evaluation and with the Kinect they got better results and more accuracy in indi-
viduals’ modalities in real time. The work of Damien Dupré (2015) establishes that
the recent interest in the affective computing approach will have a positive impact
for the consumers and the products; especially in emphatic applications and
application that simulates to feel and that understand the client. Hence, to materi-
alize such functionalities, it is necessary to measure the user’s emotional experi-
ence. To accomplish this objective, the author developed an emotion measure
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platform. This platform proved that the user’s emotional experience could be
measured discreetly, and simultaneously to obtain information about the emotions
in the user. In the work of Westerink (2009), the author underlines that the usability
of a product or application is an essential indicator of the user’s satisfaction. This
indicator directly reflects the user’s acceptance of the product. As a consequence,
the usability acceptance is a relevant issue for almost any companies. The author
executes some basic operation to process the user experience and to analyze and
map the relationship between the users’ actions and their emotions. Thus, the author
combines some theories of emotion generation with the affective computing to
finally explain that the affective computing could be used as a method for deter-
mining the usability test of a product and the better form to execute this test.
According to Tian (2008), the works where the user’s experiences are linked to
products, systems or services is attracting the interest of the industry, particularly in
some companies that have the goal to anticipate the commercial success of a
product. The author proposes a project with two objectives. The first one is to
provide an approach to identify emotions through a multi-device based on a
physical view. The second is to offer some solutions for the affective computing and
then, to evaluate the user’s emotions and experiences. Also in this work, the authors
did an experiment where ask some users if they want to use a classic mouse (this
was the control group) or a hand-gesture interaction device for some activities. The
author had the hypothesis that the new product will trigger stronger emotions than
the classics products. The author developed two emotional evaluation tools. The
first one Oudjat “Verbal Self-Annotation of Emotions” and the second EmoLyse
“Nonverbal Self-Annotation of the Motivational component of Emotions.” Finally,
the author concludes that emotions are a potential success indicator for the products
in the market. Samer Schaat (2015) assumes that emotions and social norms play a
key role in consumers’ decisions. The authors developed a sociocognitive agent to
examine the psychological and sociological factors influencing consumer
decision-making. The author created a decision model that integrates motivation,
emotion, and normative mechanisms using a unified activation and valuation
framework. To accomplish this purpose, the authors use Java, H2 database,
Hibernate for the mapping object-relational, the software MASON for simulations,
and Java FX for the users’ interface. The authors executed different simulations
with the model and proved that results were consistent. Christophe Vaudable (2009)
performs a study focusing on the consumers’ emotions during an interview about
some products. This research is based on the analysis of some annotations of some
dialogs. The author made some tests with 40 subjects and collected a database.
During the interviews, the subjects revealed several “real-life” complex emotions.
Also, in the interviews, the user manipulated many products, one of them was a
food product, and in this particular case, the authors observed the expressions of
many emotions. Also, the work underlines the relationship between the eating
habits and some emotions. Thus, in the end, the study allowed the creation of a
protocol allowing gather emotions information that could be used for the creation of
a model to detect emotions automatically.
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4 Computer-Aided Innovation

Innovation is fundamental for the development of society, for the renewal and
growth of companies, and is a critical goal for the survival of organizations.
Originality can emerge from the connection of other systems or object, such as
technologies, structures, markets, culture, strategies, products, services, or another
set of functions that have a common purpose. From this perspective, the innovation
process is typically iterative, interactive, with a specific context, multitasking,
uncertain, path-dependent, and is the result of a new combination of extremes and
means (Stefan Hiising 2009).

In the initial studies on computer-aided innovation, the central objective was to
help process engineers during the initial stage of the design process, also called
diffuse front-end. Subsequently, the scope expanded, then CAI systems are now
effective support to the innovation process, from the initial stage or idea generation
passing by the detailed design and development stage to the reverse logistic or
recycling of a product. Recent advances in information and communications
technology and theoretical approaches to innovation, provide a new environment
for the next evolutionary step of CAI and allows users to propose inventive solu-
tions and improve the efficiency while solving complex problems (Réne Lopez
Flores 2015).

The CAI approach has evolved and has been complemented by other tech-
nologies that currently allow covering various aspects of the innovation process. It
is necessary to highlight the role of the TRIZ theory, the QFD, and recently the
collective intelligence, and the semantic web. It is from the assimilation of new
technologies that CAI evolved to what is now called Open CAI 2.0, which aims to
generate an open innovation process between organizations to implement a con-
tinuous or systematic innovation process.

4.1 CAI Classification

The CAI software includes simple applications for specific activities of the inno-
vation process as model conflicts or basic semantic search and more complex
solutions such as the software that supports the most significant stages of the
innovation process. Consequently, CAI proposes a description for the different
explications and delimits the scope of these tools (Réne Lopez Flores 2015), the
classification is given by Stefan Hiising (2009) and has three classes:

(a) Strategy management: Innovation managers help address strategic issues such
as portfolio or scenario management.

(b) Managing ideas: It helps to direct the diffuse front-end of the innovation pro-
cess, from the generation of concepts to the evaluation of ideas.
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(c) Patent management: This type of tools is used in projects of inventions and in
the search and analysis of patents as an approach to stimulate creativity.

In Fig. 1, we can see the categories of CAI tools divided into sections.

It is important to mention that it is possible to find different tools that contain
some of the subcategories shown in Fig. 1, and it is expected that these categories
will change over time since the CAl is in a constant evolution process. One of the
most relevant trends is the use of collective intelligence, and due to its importance,
the following section addresses this issue.

4.2 Collective Intelligence in CAI

The concept of collective intelligence in the computer field is better known as Web
2.0. It has a substantial effect on consumer behavior and has contributed to cus-
tomer empowerment. The consequences are far-reaching, not only in the area of
technological development but also in the domains of business and marketing
strategies (Efthymios Constantinides 2008). The term known as Web 2.0 gave by
Tim O’Reilly in a conference in 2005 mentioned that Web 1.0 or websites with
static information, offered only a unidirectional relation. That is, a user could just
consume the information provided on a website. The arrival of the Web 2.0 with the
introduction of websites with a dynamic description, where users could already
upload their information produced a two-way relationship between users and
Internet sites (O’Relly 2005).

Fig. 1 Detailed CAI
software categories (Réne
Lopez Flores 2015)
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Fig. 2 Some transitions from web 1.0 to the web 2.0 (O’Reilly 2005)

Figure 2 shows some examples of the transition from Web 1.0 to 2.0.

At present, the CAI has made use of collective intelligence or Web 2.0 for the
advantages it offers, creating an approach called Open CAI 2.0. The aim is to apply
processes where knowledge has a free flow, so it is possible to implement an open
innovation process. The study of emerging intelligence in groups of individuals
doing things together is not new, but in recent years particular attention has been
received with the emergence of applications in Web 2.0. This new way to interact
helps to unlock the potential of collective intelligence due to its architecture cen-
tralized in the participation of the user, while simultaneously allowing the con-
nectivity. As a platform for collaboration, the Web 2.0 is useful for implementing
different collaborative patterns, for example Réne Lopez Flores (2015): Temporal,
synchronous, asynchronous, and multi-synchronous; Space: Locally and dis-
tributed, and rules: rules of work, rules, and restrictions.

In this chapter, it has been developed a prototype that with the use of the
affective computing get the person’s emotion, that is, watching images or videos of
a specific product. Next, the section describes the prototype architecture.

5 Architecture

A layer-based architecture was chosen for the tool’s development since it allows
having the different functionalities of the tool separated. Similarly, several modules
collaborate to produce more than one feature or function in the software. The use of
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layers facilitates the maintenance and the use of resources (Schmidt 1996). Figure 3
shows the layer-based architecture of the system under the CAI approach.
Next, points offer a brief description of the system layers:

o Interface Layer: This level contains all the logic that rules the interaction with
the user. It uses the JQuery Mobile framework to make the page adaptable to
mobile devices.

e Services Layer: In this layer, the system contains the “Configuration of
Services” process, which is in charge of selecting the different services that the
user will use. The tier has direct communication with the collective intelligence
module and the affective computing module, which will use the
Skybiometry API for the detection of emotions. The collective intelligence
module contains the logic that allows users to collaborate with other entities/
users/teams to generate new ideas and evaluate products. On the other hand, a
section of the affective module is in charge of interacting with the
Skybiometry API to get the person’s feeling and store it in the database.

e Data Layer: This level is responsible for providing data storage. It contains the
necessary data repositories. The user database will contain all the information of
the two types of users, products, comment, ideas, and the database of affective
material that incorporates all the interrelationships between an object or concept
and the evaluations offered by all users.

Interface Layer

Web Browser
css HTMLS JavaScript 2 jQuery

Services Layer

v
Service Configuration

bt

Services
Collective Intelligence , Afective Recognition &
Module & Module .
-
y

Data Layer e F“L‘:

B

s 1.

User Data Afective Data

Fig. 3 Layered system architecture
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6 Evaluation Tools

One of the industry’s most frequently used assessment tools is the self-report. In the
context of this chapter, it is significant to identify the strengths and limitations of
this mechanism, as well as continually strive to improve its quality (Sallis 2000).
The use of self-reports in the evaluation of design, and features of a product has one
crucial advantage: It can be applied to a large number of people, who can answer
the questions and hence, to obtain a huge volume of valuable. These mechanisms of
communication are simple to implement and easy to understand by the user.
However, the main disadvantage of self-reports is the lack of some mechanism to
collect the intrinsic information that generates during the interaction or utilization of
a product. Consequently, the feeling generates during the interaction with the
product stop being so real at the time that the user answers some questions. Also,
answer some questions before trying a product or considering a concept is tedious
for the user, who can moreover lie in their answers, in addition to other limitations
such as time demanding.

A very dynamic research area is the design of tools to evaluate products and
services with the purpose to generate more real assessments. The goal is to try to
predict the success of rapidly changing products in the market and improve the
methodologies for product development. The field of affective computing is an
alternative solution to evaluate more accurately the conceptual designs, prototypes,
or characteristics of a product through the observation of the actual emotion pre-
sented by the user when he or she interacts with some of the attributes of a product.
It also has the advantage of offering a wide range of applications in the market,
derived from the use of mobile devices, which already have integrated a webcam.
As a result, it is possible to reach a large number of customers to obtain a con-
siderable amount of data. Available data allows organizations to evaluate alternative
solutions with which the consumer is most identified. Finally, it is meaningful to
generate a massive evaluation tools to have a bigger number of options for com-
panies and try to increase the probability of success for launching new products to
the market.

7 Methodology

The increasing market pressure, the rapid technological development, and shorter
product life cycles are forcing corporations to promote new products systematically.
The services industry is facing an even more critical situation (Chung 2017). As a
result, companies need to develop the ability to manage innovation on an ongoing
basis. The requirement to market a product that meets the needs of consumers or
that surprise a customer forces organizations to develop a series of processes to
increase the likelihood of success of a product. Figure 4 shows the methodology
with the elementary operations for the development of a product and the area of
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Fig. 4 Methodology for the
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opportunity that has the affective computing to evaluate the different alternatives in
a particular stage (Edgett).

As can be seen in Fig. 4, the development of a new product for an organization
represents an area of opportunity for affective computing and more specifically,
during the evaluation of the best alternatives to fit the user needs. Here are the steps
to follow:

(a) Problem statement: This activity focuses on defining the scope and purpose of
the design process.

(b) Idea generation: This phase consists of obtaining internal and external ideas
that guide the process of product design. These ideas are stored and evaluated at
a later stage.

(c) Idea selection: This point defines some qualitative and quantitative criteria to
evaluate and filter collected ideas. Subsequently, the most promising or
best-received concept selected by an expert panel, a focus group or by the target
population will move to the next step of the process. At this stage, it is possible
to use affective computing to filter a lot of ideas presented to the target pop-
ulation or a work team. Then, those with the better affective assessment will
pass to the next stage of the process. In the case where none of the concepts
have enough value to accept it, then users will have to choose more ideas and
repeat the process until at least one concept is selected.

(d) Conceptual design/Prototype (s): In this stage, the initial concept moves to the
conceptual design of some potential solutions. In the context of a service, we
suggest performing the conceptual design of the service production process and
then to model the interaction with the user.

(e) Conceptual design selection/Prototype(s): Once the conceptual design
concludes, the most promising alternatives get materialized in prototypes. In the
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case of services, a test scale implements the service production process. The
design of a product is another area of opportunity for affective computing. The
purpose is to capture the emotions generated by the prototypes in the target
population and then to select those that have the best reception in the clients or
users.

(f) Validation/Test: The Company executes some test on the product to validate
its functionality and to provide feedback to improve the design methodology.
This stage includes the validation of the production process.

(g) Launching/Commercialization: The last step, once that product design is
validated, is to execute the marketing strategies that support a successful
introduction to the market. Again, this stage is another opportunity area for the
use of the affective computing about the client emotions when the users interact
with the product or hire a service.

Figure 4 shows how the role of affective computing to facilitate the
decision-making process in the stages of ideas selection, conceptual designs eval-
uations, and in the user’s feedback.

7.1 Process of Selecting Ideas and Selecting
Designs/ Prototype

Figure 5 depicts the process to get the users evaluations of ideas or conceptual
designs of new products. At the moment, detecting emotions from the use of a
product or service is temporarily outside the scope of this chapter, we focus the
effort in the initial design stages.

Skybiometry API was selected for their advantages compared to other APIs on
the web. Among the most relevant are: its usability, a free license which includes
some calls per month, extensive documentation, and their degree of accuracy in
recognizing the emotions of a person in a photograph. Nonetheless, to assess the
accuracy of the Skybiometry API, we use a database of faces called Radboud. The
database contains images of faces. A set of images of 67 models having 8 emotional
expressions. The results obtained by comparing seven images from seven patterns
in the Skybiometry API has a great performance. It is important to notice that a
larger quantity produces a timeout error. The final result of the evaluation shows
that by making use of the Radboud database images, the API is 100% accurate in
predicting the feeling of the selected photograph in the database, which proved that
the Skybiometry API is an excellent option for development. However, it is nec-
essary to comment that the photographs of the database took in the best way and
people try to simulate the different feelings, but despite this, the API offers very
good results, and that is why it was chosen to have other APIs such as Microsoft,
Google, and EmoVu, among others.

The information generated can be treated graphically. It is important to mention
that this feature allows a more accurate evaluation since the Skybiometry
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Fig. 5 Process of selecting ideas and selecting designs/ prototype

application captures photographs and analyzes the user’s emotions, while evalu-
ating ideas or designs of a product represented as images or videos. Described
below is the process to perform the identification of emotions:
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Login: This function enables the resources of the system, so the user can
access the properties of the application and use them.

Alternatives selection: The user can select between the list of ideas and
the list of designs/prototypes of a company. Also, the company or
organization interested can suggest to a user some assessment consid-
ering their priorities. The purpose is to make use of collective intelli-
gence for users to obtain an acceptable amount of ideas and then apply
some filters and work with the most promising.

Product selection/ Idea selection: Once the user selects an alternative
from the list of ideas or design/prototypes of a company, he can visualize
it in the system in the form of a set of images, audio, or video files.
Take a photo: The system will take some pictures of the face of the
person for a period; the time determined by the users depends on their
needs.

Store photo: Photographs get stored on a server. The Skybiometry API
processes these images files to obtain the emotion and each photograph
will be related to each characteristic of a product observed by the user.
These relationships will be stored in the database to obtain the graphs of
each product from this information.

Getting the feeling: All stored photographs were analyzed for a specific
event called the Skybiometry API. The result of each photograph pro-
duced by the API is also stored in a database. It is imperative to notice
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that the use of the API goes through the use of a web service. Hence, the
system makes a request and obtains a result, in this case, a result in a
specific format called JSON. Then, this information needs to be decoded.
The affective module is responsible for carrying out the necessary pro-
cesses to obtain the emotion.

(7) Store Feeling: The API stores the feelings obtained in the database for
further retrieval, as well as the gender of the person and the approximate
age. The API provides this information. If the system cannot take a
successful photograph of the user’s face, the assigned emotions will be
considered as disinterest because it indicates that the person was not
observing the material loaded by the company of the product or was
turning over. Therefore, the API cannot detect the face of the person, for
that reason no emotions will be obtained.

(8) Generate Graphics: Once the user’s emotions are stored in the database,
the company can access the specific data of each design or idea to obtain
graphs about the users’ behavior to the ideas or conceptual designs they
selected to visualize. The company knows how many users have seen a
particular characteristic, how many have presented a positive emotion
and how many have a negative state of mind.

8 Case Study

In this section, a case study is presented as proof of concept of the system for the
detection of people’s emotions with the purpose of evaluating different ideas or
conceptual designs of new products. The case study describes the operation of the
system and explains each one of the elementary functions offered for classifying a
set of ideas and evaluate different product designs. Thus, companies will be able to
collect information about the way people feel when they see their models.
Obtaining this information and its use in the decision-making process is crucial
since it represents a feedback loop that can assist a team or an expert in the process
of selecting ideas and conceptual designs.

In the case of the study, we used six assorted designs of a product. The product
has widespread use. It has multiple electrical contacts (multiplug) that contain four
to six plugs. It may or may not have USB ports. The case study contains different
conceptual designs for the product, which are observed by different users on the
web. Through this mechanism, the company collects information and statistics
related to the emotions that users show when analyzing a conceptual design or idea.
In Fig. 6, it is possible to observe login of the system where the user enters their
email and password and, in case of not being registered, choose the option
“Register here” to save a profile and be able to access the system’s functionalities.

If it is the first time in the site, then the option “Register here” is the first
step. The user will introduce their data and will select the type of user in the system.
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Fig. 6 Login

Depending on the option there will be different features available. Figure 7 depicts
the registration form to enter the user’s data. It is also possible to provide access to a
company or stakeholder. A user will have to the bundle of ideas or designs of
products of the different businesses registered in the system. If the record corre-
sponds to a business, then the business will have all the information of the products,
ideas, or designs in an image or video format so that users can watch them. They
can also generate graphics about each product, observing the emotions presented by
users when they see their products designs or ideas.

Select the type of user:

User [e-maill:

Last rame:
Password:
Password:

Birthdate:

Fig. 7 Form user registration
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Once the access stage is granted, the system stores the user’s data in the data-
base, and with the username and password, a user will be able to log into the
system. The system also has validation of the data of users or business stakeholders.
Once verified the access, the system shows a welcome message to users with their
name. Right before that, the next step is to complete a form that asks for some
information to launch a search for products that are in the database of the system
(Item registered by companies or proponents). Figure 8 shows some results that
match the search criterion defined by users.

As seen in Fig. 8 when a user enters some search criteria, all products that meet
this criterion are listed with a brief description of the product, the category to which
it corresponds, and the name with which the product was registered. The user
selects the one that best matches their needs. In this case, the result “Just one touch
unplugs easily” was selected from the category “Electronics”. If a company wants a
private evaluation, it is possible to send an invitation to some specific users.
Otherwise, the idea, product or initial design is open to any user.

Once the product is selected, a screen is displayed where the user chooses at least
one option that can be the conceptual design of a product or an idea. Figure 9 shows
the basic information of this step.

When the users select the category of conceptual designs, in the present case
they can observe six conceptual models that one or different companies have
uploaded. Before watching each of the conceptual designs, the system displays a
message to ask the user for their permission to use the webcam. Figure 10 shows
the authorization to use the webcam in the Mozilla Firefox browser. It is necessary
to point out that if the user does not have a webcam, it will not be possible to get the
emotion and therefore the system will not register any information during the
evaluation of the different concepts of the product.

Once the system can use the webcam, all the designs that the company uploaded
are visible to users. In this case, there are six designs, which are evaluated by the

Authary: Agustin Herndndez. Gulllermo Cortds

Fig. 8 Results from the criterion entered by the user
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users and during this process, the system takes some pictures of their faces from
time to time to register their emotion in the database.

Figure 11 shows a conceptual model of the product. The arrow in the upper right
corner has the functionality of going from one design to another until the alter-
natives are exhausted.

Once the evaluation is completed, the system directs the user to the main page
where they can do another search, and consequently, they must enter another
criterion if they wish. When several users have visualized the same design, the
company will have information about the emotions of the users. The administrator
of the company accounts must log into the system. Once the session started, the
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Fig. 11 Presentation of the design of the product

administrator can observe all the products they have registered, as well as to add
other products, design alternatives, ideas, or specific features of that product in
different formats for the user’s visualization. After the user participation for a
period, the business will reward the customer by sending him a free product to your
home to stimulate the evaluation and motivate other users.

By selecting the option Graphics Results, the administrator can see the infor-
mation collected from several users. For this case study, the administrator visualizes
the graph that accounts the emotions in each design presented to the user. Figure 12
shows the graph of each emotion that the Skybiometry API can recognize, or the
absence of emotions if not photographs are available. The six designs are presented
each with a specific color where it can be seen that the model that produces a
surprise to most people was the design three with 31 users in this category.

As it was possible to observe, the use of affective computing as an alternative
solution and support for the decision-making is feasible. It provides relevant
information and the expressions that users offer when they see a conceptual design
or idea. This information allows companies to have an idea of whether such a
product is interesting and have some attributes that are relevant to a potential user.
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Fig. 12 Graph of the emotions presented by different users

9 Conclusion and Future Work

The object of this chapter is to explore the potential that has the affective computing
to assist the decision-making process during the evaluation of ideas or the con-
ceptual design of products. The ability to acquire the emotions of the user during
the evaluation is an area of opportunity in the computer-aided innovation systems or
to the open innovation systems.

Affective computing provides capabilities not previously considered in the CAI
approach, which represent a research opportunity in this field. A CAI system uses
less performant techniques to evaluate different solutions and alternatives for a
problem. Consequently, the affective computing approach can help in the
decision-making, and provide to a CAI system with new techniques to carry out the
innovation processes. Also, by developing a system that can detect the emotion of a
person when observing conceptual designs, features, and ideas of a new product
will produce valuable information before the detailed design stage. It is possible to
suppose that with such information, the probability of success of a product will
increase at the time of launching it to the market.

As future work of this project, we have the following points:

e To add other technologies that will meet the diverse needs of a company with
the purpose to improve the different stages of the innovation process.

e To validate other technique of affective computing and improve performance to
obtain more accurate results.

e To explore the use of affective computing in other tools and different approaches
provided by the CAI for a better structure of the system.
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e To allow companies to obtain valuable information from the data collected and
search to extrapolate this information to other domains.

e To use the Skybiometry API to obtain another kind of information, since the
API provides an approximate age and the gender of the user, with this infor-
mation will be possible to analyze a market and identify non-evident
restrictions.
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Abstract The present work has been planned to satisfy the needs of the
metal-mechanic industry in Mexico, San Juan del Rio, which generates 16% of
the Gross Domestic Product and counts with 8,932 economic units in Mexico. The
metal-mechanic sector is a pillar for other industrial activities. This work focuses on
the thinking skills for designing dies as tooling that are used to punch metal parts
with high or low production volumes. Design skills, due to a lack of investment and
development, have been lagging in Mexico, compared to foreign markets, which
export tooling to Mexico mainly from Asia, for 2,600 Million Dollars (MDD) per
year. Consequently, the objective of this chapter is to demonstrate that the service is
feasible from different points of view. Based on the scientific method, this research
work is structured to reach next objectives: (1) To detect the need to locate the
market that allows the creation of the company and (2) To deploy the product
lifecycle method to determine the stages that a product must follow from its con-
ception to the manufacturing process. Results show that the market will accept the
new service with the expected profitability of 195% the first year. The product also
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provides opportunities for growth and improvement with a competitive service
price that has the potential to solve some market needs that would help the
development of the industry in Mexico.

1 Introduction

The technology advances rapidly, which opens the doors to different areas for
improvement. However, to compete in the service market and, more important yet,
to remain competitive, it is necessary to mobilize the experience of highly trained
and experienced people to be part of the technological tools used in the improve-
ment of transformation, extraction, and services activities.

In this case, NX®, Siemens software, offers several characteristics that with a
time of study and dedication, it is possible to master it and apply it in projects such
as the services design of dies. With such preparation, it is possible to achieve a
reduction of up to 30% of the time in die design, a basic level of experience, under
the supervision of experts of the subject in dies and services design.

Die industry supports two industries that nowadays have an important growth in
Mexico: aeronautics and automotive. With companies like Honda, Audi,
Volkswagen, Mazda, Volvo, Nissan, GM, and Airbus, operating in the central
region of Mexico this service has a dynamic market. However, to respond to such
growth, which is forecasted to be very large, the new company must endure strong
investments to have a promising future.

In the company where this project was developed, there were several restrictions:
the lack of capacity, not enough facilities and machines, and the necessity to
understand technology, but the most critical issue is to have a set of experts and
designing tools. Due to these needs, most of the service for designing dies is made
abroad because in Mexico there are not specialized people in this area.

Today, in Mexico there is no exact information about the number of manufac-
turers that are producing molds and dies, and it is estimated that there are between
1000 and 1500 companies (Shop 2015).

A study by the Scientific and Technological Advisory Forum (FCCyT, by its
Spanish acronym) titled “Design and Development of High Value-Added Products
and Processes” reports that Mexico imports more than $18 billion in manufacturing
machinery and production processes, and more than $2.6 billions of dollars in
molds, dies, and tools.

An emergent national industry of molds, dies, and tools explains the high level
of imports and the absence of experienced suppliers. Here is the need for designing
new services and creating commercial relations with companies that may have the
capacity for manufacturing from domestic parts to the realization of assemblies of
die cut pieces.

Also, the National Council for Science and Technology (CONACYT, by its
Spanish acronym) indicates that Mexican companies only provide between 5% and
10% of the molds, dies, and tools required in the country. Thus, most of these
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components come from the United States, Canada, Germany, Portugal, Spain, and
Asia (Shop 2015).

Following a similar direction, a report of the firm VSI Consulting says that
Mexico has problems producing molds and dies at the national level, because of the
lack of special high-strength steels, the lack of specialized labor, and the lack of
specialized die-cutting careers.

The report also underlines that approximately 85% of Mexican mold and die
companies are workshops without any certifications, and also that national com-
panies are specialized more in the repair of molds, which do not give them any
added value (Shop 2015). “The main problem is repairs: Mexican companies send
their molds to Europe to be repaired, and if it is not the first option, foreign
engineers travel to Mexico to make the repairs.” Also, “The FCCyT points out that
national engineering and design competencies, together with experience in
machining and transformation processes, can take advantage of and further develop
to design and manufacture these types of products nationwide.”

“This will generate greater value and allow maintaining control over capital
goods, increasing competitiveness and reducing the technological dependence of
Mexican manufacturing companies in the strategic sectors to develop local
capacities for the design, engineering, and manufacture of capital goods” (Shop
2015).

The Technological Development Program in Advanced Manufacturing aims to
transform Mexico into the leading manufacturing center of Latin America. To reach
this objective, the program seeks to increase the levels of the import volume; in the
first stage, it focuses on the development of capacities for the manufacture of molds
and tools in Mexico. ProMexico, which is part of the program, emphasizes that the
plan for the country is to produce molds for the injection of advanced plastics,
high-pressure aluminum, as well as design, engineering, and manufacture of dies,
attending industries in the national territory such as automotive, aerospace, met-
alworking, and electrical, among others.

The Department of Economy also works in this direction, through the Support
Program for Technological Improvement of the High Technology Industry, which
aims to help high-tech industries increase their capacity to adopt new technologies,
and to promote the participation of companies in activities of higher added value,
through specialization of human capital, certification of productive and human
capacities, generation of specialized information, and also technological develop-
ment and transfer.

The program attends suppliers, from companies of high technology industries
that offer specialized services in the maintenance of molds and dies, repair and
maintenance of aeronautical parts, aircraft, or boat manufacturing, among others.

According to data from the Sustainable Development Department, the approx-
imate investment for the construction of the first engineering and technological
development center for the molds and dies field in the State of Queretaro was
36 million pesos (with federal, state, and private resources). This investment was
made in collaboration with the National Chamber of the Transformation Industry
(CANACINTRA, by its Spanish acronym) of Queretaro City.
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“The molds importation in the state, in areas related to plastics injection molds,
is approximately 200 million dollars a year. This represents an important devel-
opment area” according to the Secretary of Sustainable Development of Queretaro.

The National President of CANACINTRA proposed the creation of a cluster of
molds and dies in the state of Hidalgo. Two reasons are behind this decision:
(1) The region has a metalworking vocation and (2) It has several logistic advan-
tages because it is located near to those states that have strong metal mechanical
industries (automotive, aerospace, and appliances, among others), which demand
molds and dies.

Hence, “Molds and dies are a business segment that is wasted in the country and
with high potential. It is a link in the productive chain of the country that is
deteriorated badly. Besides, another initiative is the creation of the Mexican
Association of Molds, Matrices and Dies located in Santiago de Queretaro and
whose objectives are: to create technology transfer programs with other countries,
develop clusters, as well as expand the domestic mold production market.”

There are some studies of aluminum dies associated with the melting processes,
where porosity is one of the most frequent defects. Porosity formation limits the use
of casting in critical high-strength applications. In this study, the use of the Taguchi
approach was conceptualized to obtain optimum adjustments of the parameters of
casting under pressure, to increase the quality and efficiency of the casting under
pressure. The goal was to increase the quality and efficiency of the alloy of alu-
minum (EN AC-46500) reducing the formation of porosity (Apparao and Birru
2017).

A study, about the analysis of the destructive mechanisms for die inserts used in
the first operation of wheel forging process, showed that the dominant destructive
mechanisms in die inserts are thermal fatigue occurring in the initial exploitation
stage and abrasive wear (Hawryluk et al. 2017).

A study of different materials, such as aluminum alloys and steels, has become
one of the means to lighten the weight of a vehicle’s body. Due to the formation of
hard brittle intermetallic compounds, fusion welds or steel welds by resistance
points are used very little. Self-piercing riveting is an example of this type of
welding; the lap shear strength was found linearly correlated with the undercut for a
fixed top sheet thickness and an equation was fitted to predict the lap shear strength
regarding undercut and top sheet thickness (Shop 2015).

Riveted diagrams were used to illustrate the riveted ranges and joint quality
under each set of rivet and die combinations. It was found that the softer rivets and
larger dies could improve the riveted range, and meanwhile decrease the joint
strength. The longer rivets and smaller dies could narrow down the riveted range
but increase the joint strength (Ma et al. 2018).

Thermoplastic forming (TPF) is an efficient process for the fabrication of
metallic glass (MG) components. However, the die and the glass adhesion has been
one of the crucial issues in the TPF production (Monfared et al. 2017); compre-
hensive experimental and theoretical studies on the adhesion between two typical
MGs (La-based and Zr-Based) and various die materials including electroless Ni-P,
Si, polytetrafluoroethylene (PTFE), sapphire, and SiC were carried out. It was
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found that of the above die materials investigated, PTFE and sapphire were the best
in preventing adhesion followed by SiC, electroless Ni-P, and Si.

Further, theoretical prediction also indicated that the work of adhesion of PTFE
and sapphire is the lowest among the employed dies, which agrees very well with
the experimental results. However, the low melting point of PTFE makes it not a
suitable die material for the TPF of some MGs. By considering some of forming
requirements and conditions, this study concluded that sapphire is the best die
material for the thermoplastic forming of MG components (Monfared et al. 2017).

The term “adaptable die design” is used for the methodology in which the
tooling shape is determined or modified to produce some optimal property in either
product or process. The adaptable die design method, used in conjunction with an
upper bound model, allows the rapid evaluation of a considerable number of die
shapes and the discovery of the one that produces the desired outcome. A variety of
criteria can be used in the adaptable die design method, for example, dies which
produce minimal distortion in the product. A double optimization process is used to
determine the values for the flexible variables in the velocity field and second to
determine the die shape that best meets the given criteria (Gordon et al. 2007).

Because of the above, it is clear that technology is the knowledge that will boost
the innovation in the die industry. Thus, it will allow the improvement of the die
designing process, quality service, delivery time savings, and reducing operating
costs.

2  Problem Description

In Mexico, there are manufacturing sectors with more development than the Latin
America average. These sectors have an enormous economic impact. As a result,
the Mexican economy is one of the 15 largest economies of manufacturing exports
worldwide (Mexican Council of International Affairs, Mexico in the world, 2010).
The economic report of the export manufacturing industry up to May 2016 had a
remarkable performance with an annual growth of 2.31%.

A report by the National Institute of Geography and Statistics (INEGI, by its
Spanish acronym) mentioned that the manufacturing industry contributed in the
year 2014 with 17.5% of the Gross Domestic Product (GDP) of the country, being
one of the economic sectors with greater potential growth.

On the other hand, Mexico reported economic growth of the manufacturing
industry from 2013 to 2015 of 1.8% per year, a percentage that is far from the
rhythm that has a substantial impact on the economic growth of a country and
which is estimated at an annual average of 7 and 8%.

According to the report about World Development Outlook for the Organization
for Economic Co-operation and Development (OECD, 2014), Mexico has made
great achievements regarding export diversification and raised the sophistication of
its manufacturing industry. However, the achievements mentioned are based on
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imported that are re-exported with low levels of added value and little use of
national suppliers.

This phenomenon is reflected in the dynamics of the automotive, auto parts,
electrical appliances, and metallurgical industries, which are related to the lack of
capacities in specialized national suppliers. There is an export model with relatively
low labor costs, which raises the national capacity to compete in international
markets. However, to dynamically sustain growth, it is necessary to create and
strengthen the capacities to design, develop, and introduce to the market new
products or technological processes. In a few words, to foster innovation.

Mexico exports metalworking products mainly to the United States and Canada.
ProMexico is a Mexican program that offers several resources to the industry, and it
has identified different opportunities for impelling the scientific and technological
development in 15 metal mechanical processes in the automotive, auto parts, elec-
trical, consumer electronics, and appliances sectors, as well as the aeronautics sector.

Among the eight processes with the greatest market opportunity (in millions of
dollars, mdd) are (1) stamping ($12,724 mdd); (2) casting ($11,225 mdd); (3) forge
($10,291 mdd); (4) machining ($8,969 mdd); (5) injection and extrusion of plastic
($6,796 mdd); (6) molds, dies, and tooling ($4,131 mdd); (7) surface treatments
($2,305 mdd); and (8) thermal treatments ($1,450 mdd) (Proméxico 2017).

Therefore, it is necessary to encourage the national supply of molds, dies, and
tools through the creation of infrastructure, knowledge development, and exchanges
of experiences with the productive sector for their design, testing, and construction.

Consequently, the creation and strengthening of the technological infrastructure
in molds, dies, and tools, with an incentive to applied research, and the develop-
ment of specialized human resources, will establish the technological bases for the
competitive and productive growth of the national companies.

The design, development, and manufacture of molds, dies, and tooling require a
high investment in equipment for advanced manufacturing as well as the updating
of production equipment.

This context demands a multidisciplinary collaboration among different com-
panies, higher education institutions, and research centers that have previous
experience and related infrastructure and who, through the integration of a group of
firms or associations, can address the current problems and manage to generate
significant technical expertise to consolidate the regional integration of supply
chains.

3 Objectives

Create a company with highly trained and specialized Mexican people in the design
of dies for covering the five percent of the national market. This company will
reduce the import and the technological dependency of Mexico and simultaneously
will generate employment and well-paid labor directly and indirectly.
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Fig. 1 Entrepreneurship methodology of a company, specialized in dies innovation

4 Methodology

The methodology followed by this project is shown in Fig. 1, and this methodology
is followed in the course of formulation and evaluation of projects in the National
Technological Institute of Mexico, where the students will be able to formulate,
evaluate, and manage investment projects which allow them to set out companies of
goods and services based on the criteria of competitiveness and sustainability.

S Development

5.1 Business

The Torueles Mexicanos company has as main activity to provide specialized in die
design in San Juan del Rio, Queretaro, using specialized software, including Solid
Works ® and NX ®. The company will provide the design and analysis of com-
petencies to enterprises that require a tooling. As a local supplier, the enterprise can
offer service with several advantages and thus to reduce their operating costs and
achieve quality in their final product. The design activities will be made by the
members of the company, who already have experience in the use of software, as
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well as previous training in dies design with two types of experts: teachers and
external consultants in companies, having the capacity to satisfy market needs.

The design analysis will be an important activity for the company, because it will
offer some solutions to problems coming from the concept of the pieces, with tools
such as finite element.

5.2 Market Segment

The potential markets are compounded of all companies dedicated wholly or partly
to the manufacture of dies. It is estimated that at the national level the metalworking
industry has 8,932 economic units by 2015.

This stage of the project will focus specifically on the central and lowland zone
of the country that includes the states of Guanajuato, Jalisco, Queretaro, San Luis
Potosi, Zacatecas, and Mexico City, which according to INEGI as a whole had total
of 3,052 units economic which employed more than 18,000 people with total
salaries greater than 1,705 million Mexican pesos. It is worth mentioning that it is
expected to offer the service throughout the country in the future.

The service will also be provided to companies that require metal parts so that
their products achieve the objectives of operation/cost. Within these companies is
the automotive and aeronautics, among others.

5.3 Competitive Environment

The metalworking industry in Mexico generates a great contribution to the coun-
try’s economy. However, it has not had enough development or investment to cover
the national demand, which continues to grow each year because of the impact that
it has on their industries.

Therefore, the Mexican industry demands additional resources to cover the
needs of hundreds of companies. In the Mexican market, domestic suppliers only
offer between 5 and 10% of the molds, dies, and tools required. The rest is covered
with products imported from the United States, Canada, Germany, Portugal, Spain,
and Asia, according to CONACYT (Shop 2015). For instance, the Company
Huilyee stamping die, the largest exponent in China, is reaching up to 2,600 million
dollars in 2015, according to the FCCyT study. Thus, the market share is important.
It is necessary to introduce to the market a service of quality and price comparable
with the Asians, which will allow a competitive advantage in Mexico.
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5.4 Entrepreneurial Goal

The goal is to offer the dies service design to companies located in the central
region of Mexico that works with any matrix.

5.5 Market Area

Due to the location of the company, the central and lowland zone of the Mexican
Republic has been selected as the main market at this stage of the project, not
closing the options to other areas of the country. The states that belong to this zone
area are Aguascalientes, Mexico City, Guanajuato, Jalisco, Puebla, Queretaro, San
Luis Potosi, and Zacatecas.

5.6 Demand Analysis

It is crucial to recognize that the demand of the metalworking industry has
increased moderately in recent years with an annual average of 7%, as can be seen
in Fig. 2.

The metalworking industry stands out the activity, machining of metal parts for
machinery, and equipment in general, where the punching is located. This activity
contributes 88% of the economic activity of this sector as shown in Fig. 3, with a
total of 8,932 companies.

$6,000,000,000
$5,000,000,000
$4,000,000,000
$3,000,000,000 1
$2,000,000,000
$1,000,000,000 1
2007 2008 2009 200 2011 20012 2013 2014

Fig. 2 Total manufacturing production in Mexico (INEGI 2017)
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= Class 332110 Manufacture of
forged and die-cut metal
products.

w Class 332710 Machining of
metal parts for machinery and
equipment in general.

m Class 332810 Coatings and
metal finishes.

m Class 332991 Manufacture of
bearings and bearings.

= Class 333510 Manufacture of
machinery and equipment for
the metalworking industry.

Fig. 3 Distribution of economic activity of the metalworking industry (INEGI 2017)

5.7 Demand Projection

Figures 4 and 5 show the current demand situation and also a comparison of data at
the national level with the preferred market zone (INEGI 2017).

There are more than 3,000 economic units in the selected market. Among them
are selected those that generate more than 1,705 million pesos, and it is expected to
give attention at least for 15% of them in the first year, which are approximately
450 companies. Using this information and demand, it is possible to propose a
forecast. Figure 6 depicts the tendency.

e 3000 = number of economic entities in the year 2015.
e 7% = average growth of the metalworking industry.
e 10 = years required to estimate.

Fig. 4 Comparison between

total national and total 34%

regional economic INEGI

2017
m National Rest
m Market Area

66 %
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Fig. 5 Number of persons hired directly in the potential market (INEGI 2017)
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Fig. 6 Demand estimation in 10 years (INEGI 2017)

This demand projection shows about 80 economic entities for this year, which is
the demand of the market sector, ensuring growth that guarantees the operations in
the market.

5.8 Supply Analysis

The main market offer is abroad according to CONACYT. Local suppliers in
Mexico only satisfy between 5 and 10% of the molds, dies, and tools that are
required.

In Mexico, there are also companies that offer the die design. For instance, ACM
metal, dies, and industrial matrices. Akiyama is another example. However,
according to the VSI Consulting, at least 85% of them do not have any certification
or specialization. The lack of this specialization is a problem because they cannot
generate an added value to the product. Nevertheless, their experience and time in
the market is a point to consider as a competitive advantage.
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There is information on imports that Mexico makes abroad, which exceeds 2,
600 million dollars, according to FCCyT (Shop 2015). This volume of service
together with the work of the current market, the support of large companies, and
the local factor can be an immense help in positioning itself in the market.

5.9 Supply Projection

The incertitude in available information, particularly in demand for the new service,
makes difficult to estimate the service demand. Nevertheless, taking into account
imports in the Mexican market makes feasible to estimate demand. Figure 7 con-
tains this information.

e 2. 600 = importation in mdd of dies.
e 7% = average annual growth of the metalworking industry.
e 10 = number of years to compare between 2015 and 2024.

The projection of the future supply, which in this case is about 3, 000 million
dollars for next year, indicates that the supply will continue to grow. Hence, there is
an opportunity to participate in this market.

5.10 Balance Supply/Demand

Table 1 shows the estimation of the supply and the demand for the current year. In
this table, it can be observed that the growth is upward when compared with the
historical data registered in the INEGI.

Based on this analysis, the information provides security to the company since
there is a market in which it can compete with a high demand risk, leaving the level
of growth in the marketing strategy.

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Year

5000

Importation
Pt (%] (3] 5
c o o O
c 8 8 8 8

Fig. 7 Supply for the service (INEGI 2017)
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Table 1 Balance supply/

Balance supply/demand at the end of 2017
demand of the company

Supply 3,500 Economic units
Demand $3,000,000

5.11 Price

To estimate the hourly price service, it is necessary to perform a cost and expense
analysis. The cost-benefit relations are prepared and the expense per month pro-
vides a profit of 40%. Likewise, to calculate the annual profit, it was considered a
1-year projection with equal sales and an equal number of projects. The relation
shows an amount of 85% of the capacity. The estimation considers ten hours per
project, a total of 40 projects, and a team of three experts. Tables 2, 3, 4, and 5 as
well as in Fig. 8 show the analysis performed.

With this information, it is possible to calculate the profit per month and estimate
the annual profit considering inflations. According to a group of experts consulted
by the Bank of Mexico, which is also similar to the estimation of the Forbes
magazine, the forecast is about 5.24% for this year.

The available information moves the profit to a value of 195%, which translate
the project into a promising service that will have an opportunity in the Mexican
market.

This analysis was determined with a service price per hour of 557.25 Mexican
pesos, which gives a financial estimation of 132,776.92 Mexican pesos per project.
Under such conditions, the profit will be near to 2,143, 024.82 Mexican pesos per
year. The investment costs and the profit produce an index of 95%, comparing the
profit with the investment.

Table 2 Company’s

State of expenses and costs
expenses and costs

Element Per month Per hour
Software SolidWorks © $ 21,538.46 $ 134.62
Software NX © $ 15,384.62 $ 96.15
Rent $ 5,000.00 $31.25
Electricity service $ 500.00 $3.13
Water service $ 500.00 $ 200.00
Salary payments $ 32,000.00 $6.25
Logo rent $ 1,000.00 $6.25
Paper and office supplies $ 1,000.00 $6.25
Phone service $ 1,200.00 $ 7.50
Publicity $ 10,000.00 $ 62.50
Internet $ 1,500.00 $9.38
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Table 3 Benchmarking
among similar company
operation costs

Table 4 Company’s utility
estimation per month

Table 5 Company’s
inflation estimation

5.12 Marketing

M. B. Becerra-Rodriguez et al.

Operation costs $68,084.62 | $ 428.65
Expected utility 30%

Net price per hour: $ 557.25

Expected utility per month

Total estimated sales $222.,900.00
Operation costs $ 234.38

Administrative expenses $ 328.89

Total operation expenses $ 90,123.08
Net utility $ 132,776.92
Inflation estimation

Period (Month) Utility

1 $132,776.92

2 $139,734.43

3 $147,056.52

4 $154,762.28

5 $162,871.82

6 $171,406.31

7 $180,388.00

8 $189,840.33

9 $199,787.96

10 $210,256.85

11 $221,274.31

12 $232,869.08

Annual utility $ 2,143,024.82

Annual average $178,585.40

The budget for the project is estimated at 10, 000.00 Mexican pesos per month for
specialized advertising, although it should be noted that the community participa-
tion would be the most important.
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Fig. 8 Company’s annual projection utility (INEGI 2017)

5.13 Piece Development

5.13.1 Specialized Software

Technological advance is becoming more intuitive, making easier their imple-
mentation in industrial and service sectors. Such is the case of Siemens, where the
implementation of the innovative software NX ® has made a big contribution to the
design of dies and molds.

In Mexico, there is a saying: “Mexico is good making more of the same thing,
but in the disruptive” (Castillo 2001); this phrase calls the attention because there
are few specialists, many tools, and no guidelines on how to use them.

5.13.2 Dies Design Efficiency

Tooling design has passed from being a complex process based on complex for-
mulas that require specialized people to a much easier and more efficient process,
aided by the development and implementation of specialized software, which
allows the design of a toll in few hours.

Regarding this industrial need, we designed a die using both, AutoCAD ® which
is general design software and NX © Siemens, based on blocks specialized soft-
ware, which through a list of steps guides the user during the design process
allowing a non-experienced person to handle it. However, the non-experience does
not mean a lack of knowledge about the process and the parameters to be intro-
duced. The user must be capable of understanding the process, as well the inputs
and the outputs to be able to take complete advantage of the software.
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To compare the performance of the two software packages (AutoCAD ® and
NX® Siemens), the research team selected a piece belonging to a lock to explore the
advantages of the software and their basic structure.

The die was designed to fit into a lock, due to its basic structure. This decision is
justified by the goal pursued with this experiment, which is to design piece in order
to compare the efficiency as shown in Fig. 9.

The same design and conditions were proposed for both cases, mainly on the
software domain and for the die design, including all required calculations in the
process.

The loading forces die dimensions, suffering, guides, punch retainers, punches,
and “required steps”, among other parameters, which were calculated to understand
the fact that once the piece is designed, the software proceeds with the steps, except
for some required data. Material thickness tables and opposition to cutting are
considered, among other variables.

On the other hand, it is worth mentioning that when the specialized software is
not available, there are people who perform the design calculations by hand to have
a more significant certainty of the die parameters before the manufacturing process.
With the specialized software, this activity is done faster. The user just needs to
feed the data requested by the software, as shown in Fig. 10.

Fig. 9 Metal lock/part for
which the die will be designed

Fig. 10 NX © Part/Software
deployment
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A meaningful reduction of time in the die design was observed among the
software. Figure 11 explains this difference.

In the case of AutoCAD®, 390 min were required to perform the design, while
the specialized software (NX® Siemens) required 185 min. Based on these results
and considering this specific design, an improvement of 52% is observed; however,
the improvements will vary according to the complexity of the design.

5.14 Remarks

Results of the case study for the service in the die design show several advantages
such as follows:

e High-speed production and greater number of equal parts at lower cost;

e Savings in the use of raw material, less scrap, and a bigger number of parts per
roll;

More safety in the operation;

Flexibility in the operation due to a fewer operators and presses;

Space saving;

Automatic operation;

Saving time in the die adjustments;

More safety and comfort in the operation; and

Reduction of fixed operating costs.

6 Conclusion

In Mexico, the companies with the need to work with high-speed dies face the
problem of training personnel. This situation demands the development of several
skills related to the design, adjustment, maintenance, and refurbish of dies.

It is overwhelming the fact that, even when there are new technologies available
in the market or new developments every day, in Mexico there is still a lack of



246 M. B. Becerra-Rodriguez et al.

interest from several actors (the industry, research centers, and universities to
mention but a few) to learn how to get an advantage of this situation. As a result,
there is an economic and industrial dependency to other countries.

Consequently, it is highly recommended that the universities and research
centers work together to propose training programs for satisfying the need for
specialized people in the die design sector. This action will enhance the capacities
of the country, and Mexico will have the technical capabilities in this industrial
field.

It has already been shown that it is possible to carry out a work of such mag-
nitude, without too much experience in the use of the software. However, there are
more to develop and investigate to take advantage of available software and thus, to
move the design competencies to the next level of the product, the management of
the lifecycle and the manufacturing process, for finally, develop functional and
active tooling.

As revealed in the study, the services offered by the company are a business
opportunity for proposing new services in the design of dies, but also, for proposing
new training services. Finally, the technical resources involved in this chapter
reveal that it is possible to reduce the time while designing dies and conditions that
can foster the innovation in some national businesses due to a fast response not
available now in the Mexican market.
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Abstract Innovation is regarded as a vital element for the development of new
technologies to create a competitive advantage in the food industry. The innovation
process in the food companies is principally driven by two strategies: the techno-
logical change (technology push) and the market orientation (market pull).
Although both strategies provide the elements to encourage innovation, they can be
only applied to solve specific problems or needs that are easily identified limiting
their applicability. A new alternative strategy to innovate is to try to anticipate the
future developments of technological food systems from an evolutionary perspec-
tive based on the TRIZ Evolution Trends (TETs). Thus, to improve the innovation
process in the food industry, the present research proposes to combine elements of
the TRIZ Evolution Trends, the technology push and the market pull strategies to
create an approach to suggest recommendation of the most favorable transformation
to improve or develop technological food systems. An example is presented to
demonstrate the usefulness of this approach.
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1 Introduction: Innovation in the Food Industry

Innovation in the industrial sector is recognized as a strategic factor for the eco-
nomic growth and the company’s success in which knowledge is used to solve
technological problems or generate value by using new or improved methods,
materials, and devices (Galanakis 2006). In particular, the food industry, that is
highly competitive and one of the largest manufacturing sectors, is in continual
change, and therefore requires constantly innovating to propose inventive prod-
ucts." In this sector, the innovation entails the need to improve or develop new
technologies to create successful products with high quality, to satisfy the changing
demands of the consumer, and at the same time to reduce the time to market.
A successful innovative product will, in turn, create a business opportunity to retain
existing customers, and to attract new customers to obtain an advantage over
competitors, as well as a way to add brand value for the company and ensure better
sales. However, the innovativeness of firms in the food industry, most of which are
SME’s, is restricted to the proposition of solutions with a low level of inventiveness
as well as to the use of mature technologies that usually are developed outside the
food sector (Bigliardi and Galati 2013a, b). Also, radical innovations in this
industry are very scarce (Traitler et al. 2014). This limited innovative capacity is
reflected by the reduced amount of patents in the food technology compared with
other sectors (Bigliardi and Galati 2013a). Another cause for this low innovation
level, according to (Capitanio et al. 2010), is that the consumer has a conservative
behavior, and refuses to accept new food products, thus creating a “consumer
inertia” in which the industry only introduces a small variety of food products. All
the situations mentioned above give the impression that the food industry is a
slow-growing sector with a low technological level, and low R&D intensity
(Hirsch-Kreinsen et al. 2006; Makimattila et al. 2013). It is therefore obvious the
need to start changing this perception by managing the innovation process to
enhance the innovative capacity in the food industry to develop new technologies
with the potential to create a competitive advantage.

The innovation process in the food industry is a complex process that is led by
two principal “forces”: the technological development (the technology-push), in
which the companies can develop or acquire technologies, and the market pull, in
which consumers and external factors exert pressure on the food companies
(Galanakis 2006). While both strategies share a common purpose of developing the
technology to satisfy the customer needs with new or enhanced products, the idea of
simplifying the innovation process to only two strategies seem to be very restrictive
to anticipate the future business opportunities in the food industry (Mékimattila
et al. 2013). Therefore, food companies have a growing need for developing or
integrating new approaches to enhance the innovation process and then, simplify
the generation and commercialization of new technologies. An alternative

"The term product includes a product, process or service at different hierarchical structure levels
(component, system, super-system or environment).
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possibility is to complement these two strategies with the TRIZ Evolution TRENDS
(TETs) as an additional source of innovation to provide new technological
opportunities in the product development. These TETs have been applied to
technological analysis as a support for a decision making tool to predict further
improvements of technological products (Park et al. 2013). Thus, the purpose of
this chapter is to introduce an approach to apply the TETs in food industry.

2 Innovation Strategies in Food Technology

Next paragraphs describe the most common strategies for managing innovation in
the food industry (Del Giudice et al. 2012).

The technology push strategy is based on the premise that the advances in
science and technology govern the evolution of technological innovations (Nemet
2009; Di Stefano et al. 2012). These technological opportunities emerge thanks to
an idea or a scientific discovery (scientific research) that brings the technological
change necessary to create an innovative product (an invention that is commer-
cialized). In other words, a scientific discovery that becomes an invention and
creates a technological opportunity that is transformed into a new product that
pushes the market and impulses the demand (Godin and Lane 2013). Here the
demand means the acquisition and consumption of products. The principal activity
in technology push is the discovery of new knowledge and/or the transfer of
know-how to solve different needs or problems that could be later crystallized in
innovative products, processes, and services. The innovation process following this
strategy starts with the scientific research stage, then the creative stage, next, the
technology generation or invention stage (development), and ends with the diffu-
sion stage (market).

From a different perspective, the market pull strategy, considered the major
influence in the innovation process, states that the market conditions determine the
evolution of innovation. These conditions are based on the needs (also called
demands) of the people and the market, which “push” for a demand of inventions
that are then transformed into commercial products (Nemet 2009). A need can be
interpreted as a wish, a problem, an unsatisfactory solution, requirements, scarcity
of resources, regulations (legal, political, sociocultural or environmental) or a
human desire (e.g., convenience, safety, health, and taste) in which the science must
seek a solution. This strategy is based on the principle that “the majority of suc-
cessful innovations arise in response to a specific need” (Godin and Lane 2013).
The market pull strategy also includes the demand pull that occurs with the need to
improve a new technology after its introduction into the market (Galanakis 2006).
This demand pull transforms the gaining experience during the use of this new
technology into incremental or radical innovations. This experience is the knowl-
edge created in a progressive manner during the different stages of development,
production, and usage. The innovation process of this strategy is similar to the
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technology push, but it adds a stage of exploring market needs at the beginning of
the process.

By comparing the level of innovativeness of these two strategies, when the
market pull is associated with incremental innovations and mature technologies,
technology push are related to technological breakthroughs (radical innovations)
(Brem 2008; Peters et al. 2011). The choice between one strategy and another may
reduce innovativeness of firms. For example, using only the market pull, we could
propose a replacement for the existing product based on consumers needs, while the
competitor could introduce a new technology and then threaten our competitive
advantage (Brem 2008). Thus, both strategies can be considered complementary
rather than contradictory. Therefore, they can coexist sequentially or combined as
proposed by various authors (Kleinknecht and Verspagen 1990; Arthur 2007
Nemet 2009; Bigliardi and Galati 2013b) For instance, in combination, the intro-
duction of a new technology with high potential for market success requires
stimulating the market, and the market-needs sometimes requires competences and
knowledge that goes beyond the scientific frontier of the existing fields of tech-
nology (Mowery and Rosenberg 1991; Di Stefano et al. 2012). In sequential syn-
ergy, both strategies can create a sustainable competitive advantage in a company.
This means that the technology push is a long-term strategy focused on radical
innovation creating radical technological solutions, major improvements, or rein-
venting the market. While the market pull strategy is focused on incremental
innovation through the creation of continuous improvements or substitutions to
meet the actual market demands to retain the customer, and ensure the financial
health in the short-term (Ferrer et al. 2012). Thus, the challenge for the firms in the
food industry is to find the right balance between the technology push, to get the
right technology, and the market pull, to understand the market.

The problem is not to choose the right or the wrong way to innovate using one of
these strategies, but the multiple factors that influence the product development
which are difficult to identify using these strategies. The “new needs” is one factor
that is hidden or unrevealed. Therefore, this factor would require the correct market
demand from the infinite possibilities of human needs, the identification of the
product that the consumers hadn’t known they needed, or the identification of the
current or future value of the product (Nemet 2009). The market opportunity for a
new discovery is another factor that would require the identification of a need for a
product that did not exist, or the identification of a specific need (or problem) that is
going to be resolved with the new scientific discovery or technology.

Also, these strategies have shown limitations to get a real competitive advantage.
To create a technological change with a completely new system, technology push
requires the discovery of a new phenomenon that is very rare in science (Altshuller
1999). Furthermore, there is a resistance to invest in a new, unproven technology
due to the high level of risks and uncertainty. On the other side, market pull fails to
develop innovations that create a real dominance in the marketplace (Galanakis
2006). The market pull is merely interested in satisfying the market conditions
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without considering whether the technological capabilities exist or not. To face the
limitations of the above-mentioned factors, it is possible to include an evolutionary
perspective with the TRIZ Evolution Trends (TETS).

3 TRIZ Evolution Trends of Technological System
in Food Industry

An alternative strategy to address the problems from an evolutionary perspective for
predicting the future development of the technological systems and anticipate
market demands in the food industry is the use of the TRIZ Evolution Trends
(TETs), also referred in the literature as patterns of evolution (Terninko et al. 1998)
or laws of evolution (Altshuller 1984). Through the development of the TRIZ
theory, Altsuller, its creator, analyzed the historical evolution of numerous tech-
nological systems and noted that they evolve not randomly, but follow certain
principles, which have repeatedly been used to solve problems during their
development. These principles were generalized into objective regularities or
“Patterns of Technological Evolution” (Zlotin and Zusman 2013) that can be used
to propose recommendations of the most favorable transformations to create the
next generation of a technological system (Altshuller 1984). As Fey et al. explain
(Fey and Rivin 2005): the TETs “describe significant, stable, and repeatable
interactions” between the system, their elements, and the elements in the envi-
ronment during its progressive evolution process. Hence, solutions proposed for
resolving the contradictions or improving any technological system must be con-
sistent with these TETs (Cavallucci and Khomenko 2007).

The TETs also suggest ways of how various resources from different sources
such as the parts of the system, adjacent systems or the environment can be dis-
covered, generated, consumed or even reduced (because are inefficient or redun-
dant) to continue developing the system itself or other systems. Therefore, the TETs
allow the control of the evolution of a given technological system by predicting
how it would evolve (Brem 2008).

Initially only eight trends were proposed by Altshuller (1984), but over the time,
the TETs have been expanded, improved, and strengthened to the point that various
trends and lines of evolution are now available to explore different scenarios to
improve technological systems. A line of evolution or path, describes the sequence of
incremental evolutionary changes or transitions that a system undergoes within a
trend. Therefore, we can identify the actual state of a system and know in advance the
next steps in its evolution. For example, the line of evolution of the trend “substance
segmentation” is as follows: solid, powder, liquid, gas, and field. We can observe this
trend in the commercial sugar: sugar blocks, powder sugar, syrup, and aerosol.

The ability of the TETS to predict the evolution of technological systems, that is
often difficult with the market pull and technology push strategies could bring new
opportunities in the development of food technologies during the conceptual design
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phase. We have therefore performed an analysis of previous works about TETsS,
including Altshuller’s work, to arrange TETs in such a way as to facilitate the
application of the existing patterns to analyze and predict the potential evolution
states of particular food technology. There are many possible ways to organize the
TETs. According to Park et al. (2013), the TETs cannot be equally applied in all the
current lifecycle of a technological system. Thus, the trends should be arranged and
used regarding the current lifecycle stage of the system under analysis. For Mann
(2002), the trends are grouped in three interface situations: time, space or interface.
In this research, we structured the trends depending on the technological change of
the system: general evolution trends, evolution trends at the system level, evolution
trends at the higher-level system, evolution trends at micro-system, and other
additional relevant trends, as described below.

3.1 General Evolution of Technological Systems

The trends included in this category describe the necessary conditions at the
structural and functional level of a technological system.

3.1.1 Trend of Increasing the Degree of Idealness of the Technological
System

The evolutionary development of a technological system tends toward the ideality.
This ideality is acquired as a result of increasing and improving its useful features
(functions and properties), and reduces its disadvantages (harmful actions/effects,
cost, noise, non-needed properties, complexity, and problems, etc.). This trend is
used to recognize what functions, effects, elements or properties in a technological
system need to be improved, and which ones must be removed with the possibility
of applying other trends. Furthermore, the ideality serves to evaluate the result of
any solution used to improve a technological system.

The line of evolution in this pattern includes several ways to improve useful
features, and to reduce disadvantages (Petrov 2002; Zlotin and Zusman 2013):

Improve the existing functions/properties/parameters in the system
Increase the use of resources present in the system and its environment
Absorb a useful function of adjacent systems or the environment

Add new functions/properties in the system

Reduce/prevent/eliminate the harmful factors

Inventing new applications for harmful factors

These general ways to increase ideality are directly related to the other evolution
trends. For example, to improve the existing function in a system can be achieved
by the resources trend.
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3.1.2 The Trend of Non-uniform Evolution of Technological Systems

The parts in a technological system develop unevenly. Considering the trend of
ideality, when we identify the useful feature, or the disadvantage and its associated
element in the system or environment, we focus our efforts to improve this part
causing an irregular development of the other parts in the system. This irregular
development will inevitably cause conflicts (problems, bottlenecks, and contra-
dictions), thus impeding its future development (Savransky 2000; Rantanen and
Domb 2010). This trend also reveals that the parts of a system evolve independently
and at different rates. Then, we need to identify the parts “underdeveloped” and try
to apply the others TETS.

3.2 Evolution at System Level

The trends in this category describe the different ways to improve a technological
system at the system level, including its components. These trends aim to generate
incremental changes in the system through the use of resources, dynamization,
coordination, and the enhancement of interactions and controllability.

3.2.1 Use of Resources Trend

It is well known that in the technological system, multiple resources are present, but
not used, or we do not know how to use them. This “hidden resource” can be a
source of new functions or properties (Negny et al. 2012); thus it should be
identified and try to use it creatively. Resources include material, substances and
their state, fields, spaces, and time available in the system and its environment. The
resources in a technological system are divided into two general groups: substances
and fields. Consequently, two sub-trends, namely evolution in substance and
evolution of field are proposed as a way to reach better outcomes in a technological
system. In each sub-trend, a series of lines of evolution are also proposed, as
described in the Annex 1. This annex has 12 tables. Each table describes a par-
ticular line of evolution (Table 12.1).

3.2.2 Dynamization Trend

A technological system evolves towards more adaptable, moveable, adjustable,
flexible (more degrees of freedom) structure capable of adjusting to the changing
environment. Its structure can also be configured in different ways, having more
variety of states and functions or the ability to adapt to multiple requirements. Thus,
in this trend, the system started as a solid substance, followed by increasing its
segmentation (becoming smaller and smaller) and, finally, the structure becomes a
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substance with completely free movement. This “division” can be applied to the
system structure, materials, function, processes, and parameters (Zlotin and Zusman
2013). The dynamization of any technological system can be done by following
these evolution lines (detailed in Annex 1 from Tables 12.2, 12.3, 12.4, 12.5, 12.6,
12.7, 12.8, 12.9, 12.10, 12.11 and 12.12): (1) Substance dynamization, (2) Field
dynamization, (3) System dynamization.

3.2.3 Coordination Trend

The purpose of this trend is to ensure optimal performance of a technological
system by coordinating or deliberately not coordinating the existing actions,
interactions, processes, fields, and substances and their characteristics (speed,
geometry, form, color, etc.). For instance, the coordination of frequency or reso-
nance between product and instrument to reduce the use of energy. Also, the
non-coordination of self-frequency to prevent harmful effects. This
non-coordination is also used when two or more actions or processes are incom-
patible. In this case, one action is executed when the other is paused or an action is
introduced during each paused interval of the other (Salamatov 1999). The line of
evolution of this trend is provided in Annex 1.

3.2.4 Interactions and Controllability Trend

A technological system is composed of several parts that interact. This interaction is
known in TRIZ as substance field interaction (su-field interaction) or substances
interacting through a field. Examples of su-field interactions include the mechanical
interaction, thermal interaction, acoustic interaction, electromagnetic interaction,
chemical and biological reactions (Rantanen and Domb 2010). Thus, another option
to enhance the functioning of the technological system is to improve the interac-
tions, amplify deficient interactions, eliminate harmful interaction, or increase the
controllability of the interactions. Finally, the evolution lines of this trend (in more
detail in Annex 1) are: (1) Use of substance, (2) Use of field, and (3) Action
introduction.

3.3 Evolution to Higher-Level System

Once all the possibilities of improvement at system levels have been exhausted (the
limit of its own development has been reached), the evolution of technological
system takes place at higher level or “macrosystem”. That is, the system becomes a
subsystem of a more general level or a higher-level system (Altshuller 1984). At
this level, the system and its components, the neighboring systems, and the envi-
ronment merge (into a whole), or bring together (temporarily or permanently) to
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Table 12.2 Use of substance (resource) trends
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Trend Evolution line Keywords
Material 1. Homogeneous material Allow variation in
specialization® 2. Separation of the homogeneous material properties, optimum

(Savransky 2000;
Fey and Rivin
2005)

into functional zones (parts, areas, layers,
regions). Each part is modified (by changing
the physical and/or chemical properties) to
provide one function or specific property

3. Replacement each zone with new materials
or composite material. If the existing
resources cannot provide the desired output,
then we can add other materials such as
composites that exhibit advantageous
properties

4. Transform the compound material into a
specialized individual element

5. Convolution of the different individual
elements into the ideal material with higher
performance and adaptability

functionality, variation
in characteristics

Evolution in space
(Innovation Suite
2002)

Line — plane/surface — volume

Increase the magnitude
and efficiency of useful
effect

Linear evolution
(Machine; Gadd
2011)

Single point — straight line — curved 2d
line — complex curved 3d line

Improve structural
strength, the surface
area, aesthetics, and
ergonomics. Identify/
change component
orientation and the
ability to see objects

Surface evolution
(Innovation Suite
2002)

Plane — cylindrical surface — spherical
surface — complex surface

Increase surface area,
improved use of space

Surface
segmentation
(Innovation Suite
2002)

Smooth surface — surface with protrusions
in 2D — surface with protrusions in 3D —
Rough surface — rough surface with active
pores

Heat transfer, traction,
drainage, aerodynamic,
controllability, and insert
a new useful function

Space
segmentation
(Innovation Suite
2002)

Solid — hollow — several
hollow — pores — active pores

Reduce weight, multiple
functions

Substance
segmentation
(Innovation Suite
2002)

Solid — segmented solids (with different
degrees) — liquid — aerosol — gas — field

Surface area, arrange,
separate different
functions, isolate
stresses/loads,
transportability, reduced
density, transmission of
loads/energy, flexibility,
controllability,
complexity,
maintainability

(continued)
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Table 12.2 (continued)

259

Trend

Evolution line

Keywords

Segmentation of
flow (segmenting

Continuous flow — flow separated into two
parts — flow separated into several

Flow distribution, flow
control, increase the

the action) parts — flow separated into many parts magnitude of the useful
(Machine) effect

Maximum use of Plane — backside of plane — Mobius strip | Increase surface area
plane/surface®

(Petrov 2002)

Maximum use of a
volume (Savransky
2000)

Volume — “nested doll”

Space utilization, save
space, protect objects
from damage, ease
movement

Increase the
degree of voidness
(Innovation Suite
2002)

Solid substance — introduction of large
void — solid with voids — solid with
capillaries — porous

substance — micro-porous

substance — solid with dispersed
micro-voids—

Weight reduction,
reduced density, reduce
waste

Increasing
asymmetry
(Savransky 2000)

Asymmetrical system — partial
asymmetry — matched asymmetry

Ergonomics, component
assembly (poka-yoke),
ease of operation,
compact installation,
orientation visibility,
ergonomics, aesthetic
appearance, ease of
operation

Increasing
transparency
(degree of
transparency)
(Innovation Suite
2002)

Opaque construction — partially
transparent — transparent — active
transparent elements

Improve the ability to
see through the object,
ability to make simple
yes/no measurement,
warning indicator,
improved aesthetic
appearance, increased
natural illumination,
save energy, increased
visibility for safety, ease
of inspection

“The study of the evolution of technological systems revealed that to improve the functioning of a
system, sometimes, it is necessary to possess different properties, including contradictory ones, in
various areas in the system (Fey and Rivin 2005). Therefore, it is required to divide the system into
specialization areas or functional zones. After this segmentation, the substance’s material is
modified to be able to adapt to changing conditions

"This line of evolution aims to take full advantage of the existing plane using its backside

increase the number of functionalities, to share resources or to show new properties
only observable in this configuration (Salamatov 1999; Fey and Rivin 2005). The
development towards the macro system is divided into three transitional sub-trends:
the first is the expansion sub-trend in which two independent systems (or more) are
joined together. However, when this “new super-system” continues to evolve, the
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Table 12.3 Evolution of field (resource) trend
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Trend

Evolution line

Keywords

Evolution of field*
(Zlotin and Zusman
2001)

parameters

Permanent field — asymmetrical
field — alternating field — pulsed
field — combination of fields with different loss

Reduction of time,
energy usage, energy

“The evolution line of substance dynamization follows the transition from stationary components
to moving ones by changing its physical state or phase state

Table 12.4 Dynamization trend

Trend

Evolution line

Keywords

Substance dynamization
(Salamatov 1999;
Kwatra and Salamatov
2013)

Immobile solid

substance — partial mobile part
or decrease the degree of
stability — two parts with one
joint — multiple

joints — flexible substance/add
flexibility to a rigid

part — liquid — gas — field
(substitution of the substance).
This also includes the use of
optical copies (images)

Flexibility, self-organizing,
adaptability, deformation
capability, durability,
variation in properties, fold
to make more compact,
deflection, improve response
to external changes, increase
user convenience, increased
the ability to adapt to
different use circumstances

Field dynamization
(Kwatra and Salamatov
2013)

Constant action — pulse
action — alternating action
(change frequency, phase,
wavelength)

Increase system efficiency
convenience. Reduce the
damage, and energy usage

Technological system
dynamization (Fey and
Rivin 2005)

Rigid system — modular
system — programmable
system — self-adapting system/
smart materials

Similar to substance
dynamization

Table 12.5 Coordination and not coordination trend

Trend Evolution line Keywords
Coordination Un-coordinated Reduction of time, wear, and
and not actions — partially coordinated energy usage. Improve the

coordination
(Gadd 2011)

actions — coordinated

actions — realization of other
actions by using the pause during
intervals

response to external changes, user
convenience

number of parts and operations increase, resulting in increased complexity to a level
that the disadvantages produced by adding new elements are higher than the ben-
efits obtained, thus reducing the ideality of the system. Then, the next transition is
towards the recombination of elements (convolution) or the substitution (trimming).
The lines of evolution of these three transitional sub-trends are described in detail in

Annex 1.
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Table 12.6 Su-field interaction and controllability (change substance) trend

Trend Evolution line Keywords

Introduction of | Change the aggregation state or the value of a | Improved user safety,
modified parameter — use the mix of two or more ability to control function
substances existing substances including a void and delivery to specified
(Salamatov derived substance — use a substance derived requirements, reduced
1999) from the existing resources in a technological | user involvement,

system

increase system
efficiency, improve
response to external
changes, reduced energy
loss

Introduction of
a new
substance®
(Innovation
Suite 2002)

Introduced internally — introduced
externally — introduced in the environment

Similar to introduction of
modified substances

Substance
fragmentation
(Innovation
Suite 2002)

Solid — segmented solids (with different
degrees) — liquid — aerosol — gas — field

Surface area, arrange,
separate different
functions, isolate stresses/
loads, transportability,

reduced density,
flexibility, controllability,
use of substance,
complexity, manufacture
cost-improved reliability,

maintainability
Using voids Use hollow structures — use of foam — use Similar to Introduction of
(Rantanen and vacuum modified substances
Domb 2010)

“The substance field interaction can be improved with the mix, substitution or adding of substances
that interact with the existing field. For instance, the introduction of ferromagnetic substances
when an electromagnetic field is being used

3.4 Evolution to Micro-system

In the process of evolution of a technological system, the working unit evolves
towards the use of micro-level structures. The transition to a micro level improves
the efficiency of the system by the progressive division of the working unit into
smaller and smaller parts. In the next evolution level, the working unit and its
elements are replaced with a substance or field at a micro-level state (molecules,
atoms, ions, electrons, etc.) that is easier to control and delivers the desired function
in an efficient and effective manner (Salamatov 1999). Thus, this transition means
that the functions carried out by macro-objects are gradually transferred to
micro-objects, or that the micro-objects control the physical properties and behavior
of the working unit (Fey and Rivin 2005). This trend consist in two sub-trends
(described in Annex 1), which are: (1) Transition to micro-levels in materials, and
(2) Transition to micro levels using physical states or combinations of states.
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Table 12.8 Evolution to higher-level system trend
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Trend

Evolution line

Keywords

Expansion (Kwatra
and Salamatov 2013)

1. Mono system

2. Homogeneous bi-system: dual
system from two similar elements

3. Homogeneous poly-system:
several similar systems

4. Heterogeneous bi-system: a dual
system from two different
elements with shifting or unequal
characteristics

5. Counteracting system: one system
compensates the disadvantage of
the other

6. Opposed bi-system: dual system
from the union of two
contradictory elements (opposite
functions and/or properties)

7. Poly-system: combining systems
with different characteristics into
a common system (super-system)
to perform multiple fu2nctions

Improve the amount of useful
function deliverable, function
distribution (e.g. load spreading),
user convenience, synergy effects,
system functionality, user
convenience, adaptability, ability to
achieve the opposite functions

Convolution (Kwatra
and Salamatov 2013)

1. Expanded system

2. Overlapped systems: bi and
poly-systems with characteristics
and parts in common (various
components are integrated into a
single part)

3. Merged system: bi and
poly-systems are combined into
one unified system or the function
of one system is transferred to
another system

4. Alternative system: a new system
replaces the existing system
(dynamic or smart substance)

Reduced packaging, reduced number
of systems, reduced net system size,
reduced number of systems, reduced
net system size

Trimming components
(Machine; Kwatra and
Salamatov 2013)

1. Delete one component and use
another component in the system
that provides the same desired
function

2. Delete one component and use the
resources in the environment to
provide the same desired function

3. Delete entire system and add a
new component/system to provide
the main function and
supplementary functions

Functionality, reliability,
maintainability, user safety,
complexity, manufacture cost,
energy loss, waste/waste products,
reduced number of systems, reduced
net system size, system efficiency

Trimming energy
conversion (Kwatra
and Salamatov 2013)

Multiple energy

conversions — reduce energy
conversions — one energy
conversion — no conversion of
energy

Reliability, maintainability, user
safety, complexity, manufacture
cost, energy loss, system efficiency,
waste/waste products, reduced
number of systems
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Table 12.9 Evolution to micro-system trend
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Trend

Evolution line

Keywords

Line of transition to
micro-levels in
materials (Fey and
Rivin 2005; Zlotin and
Zusman 2013)

Solid substance — fragmented
substance (powder, micro-spheres,
etc.) — capillaries or porous
substances — effects associated with
substance structure (super-molecular or
crystal level) — molecular

phenomena — atomic

phenomena — elementary

particles — field actions instead of the
part of the system

Improve the use of
resources, overall size
of system,
performance,
efficiency, response to
external changes, user
convenience.
Reduction of the
energy loss, system
damage, wear, energy
usage, and complexity

Transition to micro
levels using various
physical states or
combinations of states
(Zlotin and Zusman
2001)

Solid-state substances — elastic
materials — gels — liquids — liquids
in critical or supercritical phases
gases — plasma — voids — mix of
solid, liquid, gas and plasma states
(foam, liquids saturated with gas,
sprays, dust, etc.) — aggregate state
transformations (melting, evaporation,
condensation, solidification, etc.)

Same to line of
transition to micro
levels in materials

Table 12.10 Reduction

of human involvement (additional trends)

Trend

Evolution line

Keywords

Decrease the human
involvement (Zlotin
and Zusman 2001)

1. Human

2. Mechanization: the function of
the engine, working unit and
transmission is performed by a
technological system

3. Automation: the function in
the control unit (guidance and
control)is performed by the
technological system such as
amplifiers, reducers,
gyroscopes

4. Computerization: decision
making is performed by a
technological system. For
example, the use of sensors or
system for processing
information

5. Self-system: automated
system performs actions
without human intervention
such as self-reproduction or
self-driving

6. Fully-automated system: the
system performs additional
auxiliary functions for its own

Eliminate interference with
human interfaces, self-learning
systems, reduced human
drudgery, reduced likelihood of
‘human error’ effects, increased
accuracy, ability to deliver
extremes of a function outside
the human range—e.g., lifting,
joining, throwing, etc.-reduction
of fatigue effects, reduced cost

(continued)
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Table 12.11 Trend to improve measurements
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Trend

Evolution line

Keywords

Improve measurements
(Machine; Altshuller
1984; Fey and Rivin
2005)

1. Direct measurement

2. Measuring using the
existing resources

3. Measuring with the help of
additives

4. Measuring with the help of
field

5. Use of copies

6. Remove the need for
measurements by changing
the system in such a way
that it is not necessary to
carry out these
measurements

Ability to make simple
measurements, increased
flexibility of measurement,
eliminate interference with
human interfaces, add new
function through the
employment of effects present,
(e.g. use IR to achieve a
heat-seeking capability),
increased the range of
measurement possibilities, ease
of inspection, save energy/
energy management,
self-repairing systems

Table 12.12 Product and service evolution

Trend

Evolution line

Keywords

Increasing the
perception of the
product” (Innovation
Suite 2002)

Vision — touch — smell — taste — hear

Improved interaction
control, increased
human involvement,
‘sensual immersion’,
improved realism of a
simulation

Market evolution to
more interactive
experience for the
customers (Innovation
Suite 2002)

1. Product

2. Product-service: the product includes

services such as assistance or
maintenance

3. Product-service-experience: the product
is replaced by a service that provides it
such as the self-service bicycle sharing

system

Customers desire,
consumer perception,
service development,
competitive advantage,
marketing, improve the
capability to provide a
service

“The evolution of a product evolves towards increasing use of senses to improve the consumer’s
level of perception (the order of sense may vary)

3.5 Additional Trends

3.5.1 Reduction of Human Involvement

Technological systems evolve in the direction towards the reduction of human
intervention. Therefore, the aim of this trend is to replace the human action by
technological systems to perform tasks that are boring, repetitive, dangerous,
time-consuming, or even socially unacceptable. Thus, in this trend, the humans are
excluded and transferred their responsibilities to machines through the mecha-
nization, automation, and computerization, or the humans are replaced by machines
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as a source of energy (Savransky 2000). The evolution line of this trend is described
in Annex 1.

3.5.2 Trend to Improve Measurements of the System

Another trend is the evolution in the process of measuring, detection and/or
monitoring of information (property, characteristic, state, etc.) in a technological
system and its components when cannot be performed directly. Annex 1 describes
the evolution line of this trend.

3.5.3 Product and Service Evolution

The technological system can also be considered as a product or service and,
consequently, the TRIZ theory has extended its analysis to study the trends of
evolution of these two elements. As a result, evolution lines have been proposed
that could be very useful for products and services in the food industry. These
evolution lines (detailed in Annex 1) are: (1) Increasing the product perception, and
(2) Market evolution.

4 TRIZ Evolution Trend Strategy: Approach Description

The TETs described before can provide a different vision to the traditional product
development in the food industry. Thus, the aim of this section is to propose an
approach for their implementation. Although there is no common agreement how to
use the TETs, there are different ways to apply them:

1. Wang et al. (2016) and Park et al. (2013) propose to generate concepts by
analyzing how similar technological systems (systems that perform the same
function) evolve following a specific trend.

2. Other authors (Cavallucci and Weill 2001; Jianguang Sun et al. 2008;
Berdonosov 2011; Yang and Chen 2012) propose to identify the trends in the
actual state of the technological system and then generate concepts with those
trends that are not applied at all.

3. The most common way is to brainstorm to generate ideas using the trends, as
presented by Ishi and de Carvalho (2015).

In our approach, the TETSs are combined with the technology push and/or market
pulls strategies to analyze the actual state of the technological system. This asso-
ciation will enable us to anticipate future problem situations or generate ideas for
future stages of the system. This approach involves five stages described below.
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Stage 1: Collecting of information. In this stage, we can use the market pull strategy
to identify the market needs and the main problems linked to the technological
system, or use the technology push strategy to describe the new technology created.
The information collected is described using goals, requirements, problems, ideas
for improving the functioning of the existing system and its components. Then, a
more extensive search about these goals, requirements, problems, ideas is carried
out from different sources such as scientific research, patents, journal articles,
internet website, textbooks, etc. Finally, this new information gathered together
with the prior information are used in the next step.

Stage 2: Network of problems. The network of problems is a graphical formalism
to link goals, problems, and solutions to create a semantic network to describe the
actual state of a technological system. Also, this network is used for
problem-solving methods in the TRIZ theory to improve any technological system
(Khomenko et al. 2006; Khomenko and Guio 2007).Thus, the network of problems
provides a well-structured set of sequential problem-solution situations that could
simplify the identification of existing evolution trends as well as a means for
identifying new opportunities for applying the trends.

To create the network of problems is necessary to translate the information
collected in the previous stage into sentences describing the goals, problems, and
partial solutions. Next, the sentences are transformed into nodes and linked between
them by arrows to create the network structure. Table 12.1 describes the various
types of possible links between the nodes. Finally, once the network of problems
stops evolving, the network is analyzed to identify opportunities to use the TETs.
This step is described in the next stage.

Stage 3: Assessment of the evolution of the system and opportunity identification.
The network of problems describes the different ways to improve the technological
system through problems and their partial solutions. Thus, in this stage, all these
problems and partial solutions are analyzed to identify situations where the trends
are only partially applied, situations in which the trends are ignored, or identify the
trends that are not applied, but that can be potential opportunities for improvement.
If this is the case, the relationship between the problem-solution situation and the
trend observed is graphically represented (Fig. 12.1). This representation facilitates
the visual analysis of the actual situation and identifies the possible evolutionary
changes of the system. Also, when we can identify some opportunities where the
TETs are not applied, they can be defined as new problematic situations. For
example, if we found that the coordination trend was not applied, we can transform
this situation into a problematic situation: how the system can be harmonized? With
this new problem, a search of information is carried out to create a new part of the
network.

Stage 4: Concept generation. The aim of this stage is to generate ideas using the
trends to define the possible evolutionary changes of the system as potential future
states of the system under study. Thus, once having identified the partial or full
implementation of a trend in the actual state of the system or an opportunity where
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the trends were not applied, ideas of how to apply these trends are generated which
are later translated into workable concepts. Patent analysis and the TRIZ tools such
as the Standards for the solutions of inventive problems and the
Scientific-engineering effects can be helpful to facilitate the generation of ideas. The
concepts created can describe how to apply one trend or trends in combination
(Fig. 12.2).

Stage 5: Technological Evolution scenarios. The aim at this stage is to prioritize the
different variants (concepts) of the evolution of the technological system. First, the
concepts are evaluated considering the specific conditions and constraints (speci-
fications, requirements and resource availability) and the possible obstacles facing
their implementation. In order to consider a concept as a viable solution, it has to
maintain the ideality ratio positive: the sum of useful outputs should always be
larger than the sum of disadvantages. Next, the incompatible concepts are
discarded, and the feasible concepts are classified as short-term, medium-term or
long-term concepts. The concepts involving improvements with low complexity are
defined as short-term concepts, the concepts that require more significant changes,
and sometimes additional resources are defined as next-generation concepts or
medium-term, and the concepts involving radical changes or the full replacement of
the old system are defined as a long-term concept. However, when a concept with
significant changes or radical changes may create an important strategic advantage
for the organization, it can be considered as a short-term concept. After this clas-
sification, the concepts are organized in a list to create a technological system
evolution scenario. This scenario is a kind of technology roadmap that organizes the
concepts in a frame describing the possible technology pathways (scenarios) to
follow. Each evolution path describes the probable states that the system could take.
Finally, the most convenient pathway to explore is selected, and the concepts in this
path are integrated into the new product development process as new solutions to
explore, and integrated into the network of problems for further analysis.

5 Case Study

The membrane separation technology represents an environmental and economical
alternative to conventional separation processes and as a means of obtaining
high-value substances in industrial food production (Brazinha et al. 2015). Thus, we
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aim to apply the TETs using our approach to identify opportunities for future
improvement of this technology.

5.1 Collecting Information

The system to analyze is the cross-flow membrane separation for ultrafiltration with
flat sheet modules. The main function is the separation of high-value substances or
undesirable substances. Following the analysis of market needs (market pull), the
main challenges of the membrane technology are: (1) easy maintenance, (2) im-
proving the separation process, and (3) reducing fouling (an undesirable accumu-
lation of material on the membrane that causes the blockage of the pores). Then, we
searched and collected information about these main challenges from patents,
scientific journals, and specialized books.

5.2 Network of Problems

The information collected was used to create the network of problems. This net-
work shows the possible ways to improve the membrane technology. First, the
membrane technology is divided into product and process. One way to improve the
membrane (product) is to improve the maintenance. The possible alternatives to
enhance this maintenance process are: (1) to implement a regular cleaning. Many
procedures do exist for this purpose: back-pulsing, chemical cleaning, etc. (2) to
eliminate the need for regular cleaning through preventing the accumulation of
material on the surface. Regarding this latter alternative, we can use a disposable
membrane and removable membrane, but this solution has a profound impact on the
cost of the process. Another solution to prevent the accumulation of material is to
create turbulence and shearing forces by using turbulence promoters that will
require additional components (Popovi¢ and Teki¢ 2011). It is also possible to
increase the cross-flow velocity of the flow to create turbulence, but this could result
in a significant pressure drop from the inlet. Thus, rather than increasing the
velocity, it could be possible use vibrating modules, but this system is complex. The
new problem would be to find an alternative way to create turbulence.
Furthermore, the separation process can be improved by modifying the mem-
brane. Increasing the packing density could improve the efficiency of the
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membrane, but this may lead to the danger of clogging. An additional alternative is
to use membranes with large surface areas. Thus, it is necessary to find a way to
maximize the area. Another option to improve the process is to reduce the problem
of fouling. One solution is to change the membrane properties. For example, it is
well known that hydrophobic membranes tend to increase fouling (Chang and Lee
1998), thus making the membrane hydrophilic could reduce it. However, this
requires important changes in the membrane materials. The pretreatment of the feed
could also reduce the fouling (Maartens et al. 1999) and depends on the specific
characteristics of the feed. Finally, creating high turbulence and high cross-flow,
and cleaning are two alternatives to eliminate fouling that were described above in
the maintenance process. Figure 12.3 shows the network of problem.

5.3 Assessment of the Evolution of the System
and Opportunity Identification

1. Su-field interaction and controllability trend. This trend can be applied to the
problem of creating turbulence to generate shearing forces. Turbulence is dif-
ficult to control by increasing the cross-flow velocity of the flow. Also, a further
problem caused by this high velocity is a significant pressure drop. Thus, this
trend leads us towards the use of an easily controlled field combined with a
field-sensitive substance.

2. Macro system evolution trend. The method used for regular cleaning show that
this process has evolved through the use of more controllable fields. Thus, the
next evolution step could be to the higher-level system by the combination
(temporarily or permanently) of these methods or the use of one method to
provide multiple functions or process.

3. Macro system evolution trend. This trend could be used to explore the possi-
bility of merging the membrane and the turbulence promoters or the membrane
takes the form of turbulence promoters.

4. Evolution of substance trend. This trend could be used to increase the surface
area of the membrane.

5.4 Concept Generation

To facilitate the search for effects and phenomena and then generate conceptual
solutions, the Goldfire Innovator database was used (Machine). The application of
ultrasound was retrieved from the database using the query “create turbulence.” The
ultrasound follows the trend su-field interaction and controllability because the
process can be easily controllable, relatively cheap with low-energy consumption
(Awad et al. 2012). This process is already used in food processing for elimination
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Fig. 12.3 Network of problems and identification of opportunities to apply the TETs



272 J.-M. Barragan-Ferrer et al.

of bacteria and homogenization as well as to regular physical cleaning of mem-
branes. Thus, following the macro system evolution, turbulence by ultrasound
could be used to perform multiple processes during the filtering and also cleaning.
Moreover, ultrasound can be used to speed up a chemical reaction (Cavani et al.
2009; Cravotto and Cintas 2012), and then it could be used to accelerate the
chemical cleaning.

Additionally, the database found that it was also possible to apply pressure
pulsing to simplify the cleaning process (patent US5154197) (Auld et al. 1991).
Thus, it could be possible to combine pressure pulsing and ultrasound. Other trends
that can be applied in combination are the macro system evolution and the evo-
lution of substance (linear evolution and surface evolution) to make evolve the
shape of the membrane and take the form of turbulence promoters with a twisted
shape. In this case, the membrane could evolve into the twisted shape (Popovi¢ and
Teki¢ 2011). The helical shape could be a favorable solution because it allows the
creation of some vortices to promote turbulence as similar configurations in Gupta
et al. (1995), Springer et al. (2009), Popovi¢ and Teki¢ (2011), and the increase in
the surface area.

5.5 Technological Evolution Scenarios

Three concepts were proposed using the TETs. Membrane system coupled with the
ultrasound (first concept) aims to improve the chemical and physical cleaning
during the cleaning operation as well as to reduce the fouling during the filtration
process. The advantages of using ultrasound, as noted above, are the more precise
control of the filtration and maintenance process with low-cost and energy con-
sumption. This concept not only follows the trend su-field interaction and con-
trollability, but also follows the evolution of field trend and the macro system
evolution trend. The evolution of this last concept is to add a pressure pulsing
system (second concept) to improve the filtration system. In both cases, the trend to
explore after creating a prototype could be the coordination and not coordination to
synchronize/desynchronize the ultrasound and pressure pulsing to improve even
further the filtration process. Besides that, the trend to improve measurements of the
system can be applied. For example, the use of ultrasound for measuring the fouling
(Li et al. 2003) or evaluating the physical condition of the membrane (Repacholi
and Benwell 2012).

The third concept is to create a twisted shape membrane to promote turbulence.
However, to create a flat sheet membrane module with a curved shape could be
difficult. Then, the dynamization trend and the segmentation trend can be used to
make more flexible and adaptable for this type of membranes. Finally, the tech-
nological system evolution scenario (Fig. 12.4) shows the membrane and ultra-
sound as a feasible and practicable alternative solution concept in a short-term. The
solution system that integrates a membrane, a pressure pulsing and an ultrasound is
categorized as a medium-term solution concept because it would only need to add
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Fig. 12.4 Technological evolution scenario for the membrane technology

the pressure pulsing system to the short-term solution concept. Finally, the twisted
shape membrane is considered as a long-term concept because it requires a more
radical change. Furthermore, spiral surfaces usually involve sealing-related prob-
lems. Thus, a more in-depth investigation should be carried out about this issue.

6 Discussion

The TRIZ theory with their concepts, methods, techniques, and tools offer an
alternative to traditional methods in the design stage of food product development.
Following this premise, we proposed an approach that uses the network of prob-
lems, a tool of TRIZ, to analyze and organize a wide range of information about the
system to improve into problems and partial solutions. This stage is followed by
another stage that consists of identifying key opportunities to apply the TRIZ
Evolution Trends (TETs).The approach ended in technological evolution scenario
that organizes in a frame the feasible concepts that could improve the technological
system under study.

One contribution of this research was the classification and adaptation of the
existing TRIZ Evolution trends in food technology that were used in our approach.
We structured the trends depending on the technological change of the system:
general evolution trends, evolution trends at the system level, evolution trends at the
higher-level system, evolution trends at micro-system, and other additional relevant
trends. Another contribution was the analysis of the evolution of technological
systems using the network of problems, which facilitates the identification of
existing trends or opportunities to apply the TETs. This analysis cannot be only
used in food technology, but it can be made available for all TRIZ practitioners.

The use of this approach in the improvement of membrane filtration technology
showed its applicability by generating three conceptual solutions. Thus, this
approach can be an alternative to traditional strategies (technology push and market
pull strategies), or it can be combined with them to assist the development of new
products and processes in the food industry. For instance, each evolution trend can
help to improve the performance, quality, safety, and the cost reduction of food
products bringing benefits to consumers and producers. Also, this approach can
serve as an educational or training purpose to promote the creative thinking of
future food engineers and scientists.
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However, some drawbacks have also appeared during the development of our
approach. The directions of the evolution of the trends have a broad meaning that
could induce into erroneous interpretations, especially those who have no prior
knowledge of the TRIZ theory. Thus, it would be desirable to have a knowledge
base of food science examples to reduce misunderstandings. An additional problem
is associated with the increase in complexity in the development of new food
products that requires the access of knowledge from different fields of science.
A knowledge management system to create a collaborative work environment as
proposed in Barragan-Ferrer et al. (2017) could be very useful to share knowledge
from different domains.

7 Conclusions

The inventive activity in the implementation of innovations in the food industry is
typically governed by the technology push and market pull strategies, ignoring the
evolution of the technological systems. From a different perspective, we observed
that market (market pull) and technology (technology push) strategies could only
influence the rate of evolution of the technological systems, but not modify its
direction defined by the evolution trends. Thus, in this chapter, we presented an
approach for promoting the development of the technological systems in the food
industry from this evolutionary perspective using the TRIZ Evolution Trends as a
strategy. These trends that have been used to anticipate the future development of
the technological system were applied in the food industry to propose recom-
mendation of the most favorable transformation to improve or develop techno-
logical (food) systems.

Finally, to extend our research, we would like to integrate the Web 2.0 col-
laborative technologies to create an open and collaborative innovation platform
based on TRIZ theory for the food industry to facilitate the interdisciplinary col-
laboration of multiple domains of science such as biotechnology, biomedicine,
chemical process, and mechanical engineering to develop innovative food
technologies.
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Abstract Services are fundamental to any economy. They are responsible for most
of the employment and collaborate with a substantial proportion of the Gross
Domestic Product. Despite its importance, the tools and methodologies for service
design in Latin America have a slow evolution. One of the reasons that explain this
phenomenon is the lack of practical tools and methods to take into account the
complexity of the service and the intrinsic dynamism of the design process. Another
limitation of the adoption of new service design tools is a nontechnical view of the
design process, situation that puts the common sense as the first resource for service
design. Hence, the lack of a service design methodology avoids the learning pro-
cess, the reproducibility of successful service models in a different context, and the
assimilation of new design techniques. Consequently, this chapter proposes a
framework to guide the conceptual design or redesign of services through the
combination of the Business Model CANVAS with the C-K theory. The Business
Model CANVAS is a graphical tool to represent, as simple as possible, the inter-
action of different elements to capture and deliver value to the market. On the other
hand, the C-K theory proposes a graphical tool where Concepts (C) and Knowledge
(K) interact dynamically to shape a process, without increasing complexity. The
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integration offers a design framework useful to deal with the challenging context of
service development. A case study illustrates this practical approach.

Keywords CANVAS - C-K theory - Service design - Conceptual design

1 Introduction

Nowadays, the market moves beyond the conception of manufactured goods to
propose experiences. Successful products are in fact one part of the network that
involves services as a strategy to provide experiences. Mostly, the sell-point and the
assistance for customers are typically the results of a user-centered design but when
these services are not the result of a design effort, the service just “happens” and is
not an integrated system. One of the service design objectives is to fix and repair the
unbalanced composition between the human and technical side of service to propose
new, attractive, congruent, and effective service systems. Another significant
opportunity in the service design domain is the potential for fueling innovation at
different levels (enterprises, government, and universities) condition that reveal new
paths to solve complex problems such as the transportation, the sustainable devel-
opment, the access to health services, among others (Reason et al. 2013).

Aboal et al. (2015) explain the relevance of the service activities in the economy of
Latin America. Authors underline that the productivity of services is a key factor to
promote growth in emerging economies. The service sector contributes approximately
60% of the total employment in Latin America and the Caribbean (LAC).
Nevertheless, the productivity of services had not evolved at the same pace, particu-
larly compared with manufacture activities and natural resources-based activities. The
low productivity in the LAC economies is another reason to improve the performance
of the service sector. A successful strategy to enhance the competitiveness of the LAC
economies is to stimulate innovation and efficiency in services (Aboal et al. 2015).
Services have a significant impact on any economy from different perspectives:

e Services have a direct effect on the manufacturing industry. Traditional services
such as transportation, distribution, and communication are the fundamental
blocks in the value chain. Hence, any improvement in the service productivity
will produce a positive impact in the production of tangible products.

e The need to adapt services to fast-changing conditions generates new knowledge.
Knowledge Intensive Based Services such as financial services, software design,
and product design, among others, encourage the inventiveness, the new product
development, and promote economic growth (Umafia-Aponte et al. 2013).

e The difficulty to patent service is another relevant condition to boost the tech-
nological development. This situation obligates enterprises to speed up the
development pace and to propose new or adapted service faster, circumstances
that move the frontiers of technology because of the apparent facility to copy
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and reproduce a service. Hence, new advances in services are crucial in the
innovation process of other production systems. This statement contradicts
traditional perspectives about service, which consider that services demand low
assimilation of technology and produce almost no innovation. Consequently, in
LAC, scientific literature does not focus their attention on services, which
produces the lack of flexible and suitable methodologies to cover service design
and the innovation management in this domain. Besides, at least in Mexico, the
national initiatives to foster innovation underestimate the relevance of services
to the economy. This situation is probably a consequence of an inadequate
conception of the internal instruments to evaluate the impact of this industrial
sector, and also, due to the misunderstanding of the technical requirements and
needs in the service design and evolution (Alvarez et al. 2013).

Aboal et al. (2015) suggest that service companies aim to manage innovation
under the same circumstance and with similar objectives that manufactured goods
enterprises: To increase the market share, to improve the service quality, to expand
the services portfolio, and to anticipate a shift in the market. Despite the recent
interest in the service field in LAC, the research in this domain is almost inexistent.
There are just a few isolated research projects about the most significant factors to
encourage innovation and service productivity. Hence, it is desirable to develop
new and more suitable methodologies to facilitate the service design with the goal
to stimulate innovation. One of the most evident factors that promotes the change in
the economy is the integration between products and services. This phenomenon
pushes the economy to a different state, one where other economic activities
envelop the growth of the service activities. Hence, it is now clear the presence of
new services in global business. Services are, in fact, the strategy to compete and
increase a market share, and simultaneously, a mechanism to differentiate a tangible
product. Even in traditional domains like agriculture, where services are trans-
forming the way a product is perceived in the market.

Consequently, it is necessary to develop new methodologies for service design
but far from the influence of the product design. Hence, the differences between
manufactured goods and services are another requirement to propose more suitable
methodologies that also need to be functional in emergent markets.

Before underlying the relevance of services for any economy, this work proposes
a framework to assist the new service design process. Witell et al. (2015) explain
the urgency to introduce new methodologies to support the new service design. The
authors underline that the service design process has several limits and restrictions
that make the creation of new knowledge and its diffusion difficult. Another
obstacle is that many successful methodologies are an adaptation of methodologies
for tangible products. Hence, the context is more than adequate for the development
of more appropriate methodologies for service design. This chapter sets as initial
conditions that any methodology for service design should comply with the fol-
lowing criteria:



282 S. E. Castillo-Lopez et al.

¢ Simplicity: The methodology must be simple and easy to apply. This require-
ment will facilitate the adoption of a potential user.

¢ Intuitive: The methodology needs to take into account that the people, which
collaborate in the service design, come from different domains. The design
process must be represented in such a way that people who did not participate in
the conceptual design will understand all necessary steps and transformations to
configure the service.

¢ Flexible: The methodology must apply to different contexts and responds to
several restrictions.

An initial search for service design methodologies put in evidence that it is
necessary to propose a methodology that will not demand a huge training effort, but
that will be flexible enough to respond for a challenging contextual design. Two
different approaches satisfy the three initial criteria: The Business Model CANVAS
and the C-K theory.

The Business Model CANVAS or just a CANVAS model has a broad accep-
tation in the literature. The CANVAS offers a graphical structure that puts into
relation nine blocks: The client, the relation, a distributions process, the value
proposition for the market, some crucial activities and resources, the strategic
partners, and finally, the blocks that are responsible from costs and revenues.
The CANVAS model is simple and easy to use. It offers a graphic representation of
a business model, which deals well with the differences between the service
objective and the design process (Toro-Jarin et al. 2016). However, the CANVAS
model has some opportunities for improvement, which according to Zolnowski
et al. (2014), the next points are the most relevant.

e It is a static modeling approach: The CANVAS model does not have any
mechanism to facilitate the continual evolution of each of their components. The
user is responsible for updating any block according to the expert or the user’s
perspective. The service design is a dynamic process and demand frequent
adjustments.

e Lack of information: The CANVAS model does not make evident the complex
relationships that exist among their components. Hence, the user does not know
how to deal with the complexity. A service is a complex system and any change
in one of their components will have an impact on the system.

e Not flexible enough: Once the user has the graphic representation of the
business model, it is not possible to observe the multiple alternatives that are
available to produce the service.

Without damaging the CANVAS advantages but surmounting the above limi-
tations, this chapter proposes to combine the CANVAS model with another
approach capable of coping with these limitations: The C-K theory. This theory
offers a versatile tool for modeling a product or a service (Hatchuel et al. 2011).
Also, the C-K theory produces a framework where it is feasible to describe and
represent the service design requirements and the more important relationships
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among the elements that interact in the design process. Hence, the hypothesis of this
work aims to explain how to combine both approaches to assist the service design.
Next section describes the complementarity between both methods.

2 Background

The complementarity between the Business Model CANVAS and the C-K theory is
the most relevant reason to combine both approaches. The Business
Model CANVAS provides a functional framework that synthesizes a huge volume
of information to model a value proposition. On the other hand, the C-K theory
creates a context where it is possible to explore and evaluate the relationships
among concepts and the knowledge to implement them. Both approaches are rel-
evant for the service design process, and next points briefly explain the reasons
behind this combination.

e The Business Model CANVAS produces a design framework, which interacts
with the elements of the value chain. The challenge is to transform these linear
relations into proactive interactions (DaSilva and Trkman 2014).

e The C-K theory provides a graphical tool that CANVAS can use to model the
most representative changes in any of the nine components. Hence, the C-K
theory offers a dynamic point of view to the business model, a condition that
improves the adaptability of the business model.

e The C-K theory can store any design intention under the form of a process. From
the C-K theory perspective, any design intention is an iterative process. As a
consequence, the C-K theory stores all design iterations to build a design memory,
which facilitates the comprehension of the process to another person. It stores and
preserves the logic behind the design intention with the goal to share and reuse the
knowledge deployed during the design process (Hatchuel et al. 2011).

e The combined application of the Business Model CANVAS and the C-K theory
make possible the visualization of the complex interaction that takes place
within a service and the impact that the process has to fulfill the client or the
market requirements. As a result, the graphical model of the service design
enables the ability to evaluate the entire possible alternative to produce a service,
which facilitates the cost analysis of the system.

Table 1 synthesizes the complementarity between the Business Model
CANVAS, the C-K theory, and the combination of both approaches. The purpose is
to depict the value that this synergy has.

Qualitative evaluation is a practical approach to compare performance among
the Business Model CANVAS, the C-K theory, and their combination (Albarrak
et al. 2010). In this evaluation strategy, a positive answer (Yes = 2) gives two
points to one technique; a negative answer (No = 1) adds just one point. Table 2
classifies the alternatives.
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Table 2 Compa.n'son Approach Points
between the Business C S ]
Model CANVAS and the K~ _CANVA !
theory C-K theory 13
Combined approach 16

The Business Model CANVAS gets 11 points. The most significant features of
this tool are that (1) CANVAS can synthesize the business logic and explain it
easily through a graphical model. (2) It is an easy-to-use tool. Nevertheless, it
demands a huge volume of information. (3) It is not an easy task to model a process,
and it was not originally conceived as a tool for assisting or assessing design. On
the other hand, the C-K theory has 13 points. Despite its usefulness, the C-K theory
does not propose any specific tool or methodology to implement a business model
and its use for assisting design demands some training, which in turn offers the
capacity to represent processes and the design logic. Also, Table 2 underlines that a
combined approach has several advantages:

e The combination of CANVAS and C-K theory can describe a business model
and use the relations proposed by the CANVAS to get information to conceive
the service production process.

e The C-K theory proposes a graphic tool that represents the service as a process.
The resulting diagram offers a wide perspective about the different service
configurations.

e The natural orientation of the Business Model CANVAS to services adds this
competency to the combination of both approaches. Hence, it makes easier to
model a service.

e Given the fact that both approaches have a graphical tool to represent a process
or a business model, it is possible to manage the information of the service
design.

e The simplicity of the Business Model CANVAS is another inherited charac-
teristic of the combined approach.

e The combination of both approaches enables a new resource: The capacity to
model and analyze a service. The C-K theory models a service through a sequence
of activities, but the business model is not explicitly considered in this sequence.
Thus, the designer uses their past experiences to finish the modeling stage and
guarantee the coherence between the design process and the business model.

e Finally, the C-K theory offers the capability to store the logic behind a model.
Thus, the reutilization of some processes or the information to make decisions
become accessible to other users, conditions that facilitate the knowledge
transfer. Hence, if several models are available, and there is a common structure,
then, in theory, it will be possible to reuse partially or entirely the service design.

Once the advantages of combining the Business Model CANVAS and the C-K
theory were briefly explored, next section describes the state of the art that shapes
this chapter.
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3 State of the Art

This section offers a succinct description of some related works about the use of the
Business Model CANVAS and the C-K theory.

3.1 The Business Model CANVAS

A business model is a set of principles that envelop the global strategy of an
organization to create, deliver, sustain, and improve value to the market or the
society. The term value refers to economic, social, cultural, technological, or
environmental benefits and even a combination of these different perspectives.
Hence, a business model is a term used to represent the unique characteristics of an
organization or enterprise. It includes—but is not limited to—the purpose, products,
services, strategies, infrastructure, practices, processes, and politics (Muhtaroglu
et al. 2013). The literature about business models explains and classifies how an
enterprise deploys their business mission. About this subject, the work of DaSilva
and Trkman (2014) offers a clear and objective perspective. A business model
includes a conceptual model, depicts some fundamental components, and some-
times, it proposes some crucial indicators.

Zott and Amit (2010) define a business model as the content, the structure, and
the operation management organized to create value through the exploitation of
some business opportunities. Chesbrough (2010) underlines the functions of a
business model as to identify the market share, specify the mechanisms that create
an income, determine the role of the enterprise inside the value chain, and finally, to
formulate the competitive strategy that will preserve a competitive advantage.
Research about the role of the business model is not something new (Drucker
1995), but it is recently that it attracts the attention of the academic world, which
does not accept the current definition of a model business (Zott et al. 2011). It was
Osterwalder and Pigneur (2010) who offer a clear and simple definition of a
business model: The representation of how an enterprise creates, captures, and
delivers value from a product or service. According to Osterwalder (2004), a
business model must involve three aspects: (1) It needs to explain how the inte-
gration of components and crucial functions delivers value to customers; (2) It
depicts how all components and functions are interconnected within the enterprise,
how they interact in the supply chain or in the networks of other stakeholders, and
finally, (3) To describe how these interconnections produce value or profit for the
enterprise. Osterwalder and Pigneur (2005) argue that the research in the field of
business models is an emergent but relevant topic. The objective of this research is
to propose or conceive the concepts and tools that help to capture, understand,
communicate, analyze, design, and change the business logic of an organization.
Once the business model is understood, it provides the vision, and the coherence
to direct the strategies and actions to impel the competitiveness (Masanell and



A Service Design Process Based on the Business Model CANVAS ... 287

Ricart 2010). It is important to underline that the interconnections of the business
model are frequently understood at the tacit level, it is essential to move this tacit
perception to the explicit level. The transition from tacit to the explicit level
encourages the innovation process by discovering non-seen opportunities (Johnson
et al. 2008). The work of Osterwalder and Pigneur (2010) proposes a basic format
to describe a business model. This format, known as CANVAS, has the purpose to
help users to declare the logic relations among each component of the business
model. The CANVAS takes into account the four essential management perspec-
tives: The product, the client, the infrastructure, and some financial indicators. The
relations among these components become evident through nine building blocks
that transform an idea into some interconnections (see Fig. 1). Table 3 briefly
describes the role of each element in the CANVAS.

The practical point of view of the Business Model CANVAS was rapidly
accepted for many companies, for instance, Proctor & Gamble, Nestle, Airbnb, to
mention but a few. The Business Model CANVAS produces a change in the
business to move from a product-centered perspective to a business-centered
thinking. In Mexico, an association between Mexico and USA proposes the
TechBA program. In Mexico is the Secretary of Economy and the US-Mexico
Foundation for Science (FUMEC) that provides access to a dynamic business
ecosystem for small- and medium-sized technology-based Mexican businesses. The
purpose is to expand the market share and activities to global markets. This pro-
gram uses the Business Model CANVAS to represent the value proposition of
Mexican enterprises (TechBA 2017). Other successful programs in Mexico that use
the Business Model CANVAS is the National Institute for Entrepreneurs
(INADEM), the National Council of Science and Technology in the Program for

Key Value Customer
Activities Proposition Relationships

Key
Partners_ /(Y

Costs Key Revenue
Resources Channels

Fig. 1 The Business Model CANVAS (Osterwalder and Pigneur 2010)



288 S. E. Castillo-Lopez et al.

Table 3 Description of the CANVAS building blocks

CANVAS Description

component

Customers The enterprise focuses on at least one market segment. The model can take
into account multiple segments; each one will have their strategy

Value This block describes how the enterprise solves problems and produces

proposition something that satisfies a need or activates a different need. It is the set of

features, products, services, or a combination that produces value for the
market segment

Channels It is the interface between the enterprise and the customer. This element
contains the strategies, infrastructure, distribution process, and
communication to deliver the value proposition

Customer The politics, protocols, mechanism, among other elements that enable and
relationship sustain a relationship with a particular customer. It also searches to
maintaining this relationship in time

Revenue stream This block describes the mechanisms to produce the profit. It is the answer
to the question of what are customers willing to pay for

Key resources This block contains all necessary resources to produce and configure the
value proposition. It includes physical resources, financial, intellectual, and
human resources. Also, this block contributes to maintain the customer
relation and the channels efficiency

Key activities This element contains those activities that are crucial for the value
proposition and also that make operational the business model

Key partners This section depicts the network behind the value proposition. This
network mobilizes knowledge, competencies, and resources, among other
relevant elements to support the model

Cost structure This block accounts all the costs that imply to deliver value to customers.
It also includes the acquisition of key resources, the execution of key
activities, and the relationship with crucial partners

Technological Innovation (FIT), just to mention a few examples. Hence, it is rel-
evant in the Mexican context to assimilate this approach for designing a business
model (Molina-Morejon et al. 2015). The use of the CANVAS model is
undoubtedly well accepted in Latin America (Pereira et al. 2016);
(Montenegro-Marin et al. 2017).

The Business Model CANVAS deals well with the logic of the business,
however, it cannot model a process. Thus, to complement this lack, this chapter
proposes the use of the C-K theory, which can assist the design process. As
mentioned before, both approaches are complementary. Due to the importance of
the C-K theory, next section briefly exposes the foundations of this theory.

3.2 The C-K Theory

Hatchuel and Weil (1999, 2002) propose the C-K theory as part of a movement
oriented to a unified design theory. In the C-K theory, the letter C refers to
Concepts, while K stands for Knowledge. Both terms are necessary to identify
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design singularities, situations that are complex to identify, particularly compared
with problem-solving approaches or other reasoning processes. The C-K takes their
foundation on other design approaches like the Axiomatic Design, General Design
Theory, Systematic Design, diverse creativity theories to mention some relevant
sources (LeMasson et al. 2017). From the C-K point of view, the design process is a
continual interaction between Concepts and Knowledge. In this interaction, the
concept space modifies and recreates the available knowledge. In turn, the
knowledge space transforms and gives shape to concepts. This complex relation-
ship is thus useful to model how a concept and the knowledge evolve in the design
process, revealing the recursive nature of design. The theory has the next initial
conditions:

e K represents the Knowledge space. It is in this space where a designer finds
some propositions that have a logical condition. This space is underestimated or
assumed available in most of the cases.

e A proposition with a logical status or condition represents the degree of con-
fidence that a designer determines for a certain proposition. The logic could be
as simple as a true or false evaluation or a more complex structure like the fuzzy
logic. Whatever the designer logic, all proposition have a logical status.

e A concept is at least one proposition or a set of propositions that do not have a
logical status in K. Hence, when a concept matches with this condition, it is
extremely complex to validate that it is a proposition of K. The absence of a
concept design makes reference to past experiences, and in consequence, the
challenge is to conceive the best way to mobilize the available knowledge.
Finally, a concept contains a set of properties that apply to one or several
entities.

e Under the logic of the interaction of concepts and knowledge, the authors define
the design process as the continual transformation process where a concept
generates other concepts or is transformed into knowledge. This definition of
design is particularly useful in the new service design process, due to the
continual and even simultaneous interaction of concepts and knowledge.

The C-K theory has a tool called a C-K diagram that helps to visualize the design
process, which puts into evidence the opportunities to propose new solutions, and
hence, to lead toward a potential innovation. Figure 2 depicts the interaction
between the concept and knowledge spaces.

The C <— K (K-C) relation means that the knowledge space modifies the con-
cept space. In this process, some properties available in K are added, transformed,
or eliminated in C. The effect is that K creates disjunctions in C, which transform
one proposition into a concept.

In the C — K (C-K) relation, C searches to add, transform, or eliminate some
properties of K to reach a logical status. This relation verifies the design process.
Also, this operation expands the knowledge space through the interaction with the
concept space. The interaction also takes into account the natural relation that exists
between C to C (C-C) and K to K (K-K).



290 S. E. Castillo-Lopez et al.

Concept Space (C) Knowledge Space (K)

Disjunction

Conjunction

Alternatives
Division

C>K
C<K

Fig. 2 The C-K diagram Hatchuel and Weil (1999)

According to Hatchuel and Weil (2012), the C-K diagram can organize and
guide the innovation process, due to a global perspective about crucial processes
and the new knowledge resulting from the interaction between C and K. According
to (Ullah et al. 2012), a significant characteristic of the C-K theory is that it
recognizes creativity as a crucial component in the design process. The authors
explain that the creative dimension of the design process promotes the generation or
recreation of the knowledge space.

Benguigui (2012) analyze the influence of the C-K theory on a period from 2002
to 2012. The author underlines that the C-K theory elucidates the initial stages of
the innovation process and helps to propose new management tools to assist
innovation. The work of Reich et al. (2012) has a similar orientation. In this work,
the authors propose to combine the C-K theory with the Advanced Systematic
Inventive Thinking (ASIT) method. This combination has the goal to improve the
modeling process through the incorporation of some tool for inventive
problem-solving. Another successful case of the implementation of the C-K theory
is the Thales Alenia Space Corporation, an enterprise that uses the C-K theory as a
design guideline. Besides, according to Defour et al. (2010), the C-K theory enables
a team to organize the inventive design process. The work of Agogue and Kazakg¢i
(2014) evaluate the impact of the C-K theory and propose some guidelines to
manage a portfolio of innovation projects. This work also describes the possibility
to develop new tools based on the C-K theory.
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Ondrus and Pigneur (2009) evaluate the use of the C-K theory outside the design
context and demonstrate the usefulness of this approach for solving a multiplicity of
different conflicts, for instance, the application of the C-K theory to design infor-
mation systems, data mining structures, knowledge management processes, in the
evaluation of projects (Lenfle 2012), psychology, and cognition are other examples
(Hatchuel et al. 2011).

Next points describe some of the C-K theory advantages:

e A clear definition of design, independently of the domains even in nontechnical
fields.

e A design theory that has the same rigor and modeling capacities than other
approaches related to decision-making.

e Concepts such as inventive thinking and innovation are at the core of this
approach.

e It proposes a reusable framework to capture any design effort, thus, it stores
knowledge about the design process.

4 Methodological Approach

The conceptual design of new services asks for an approach capable of combining
in the same structure the capability to implement the business model with the right
service production process. The integration between the Business Model CANVAS
and the C-K theory uses the simplest possible approach: To transform the nine
building blocks of the Business Model CANVAS in a set of classes in the
knowledge space of the C-K theory. The Business Model CANVAS contains the
service dynamics while the C-K theory provides the ability to model the service
production process. The complex interaction between the CANVAS building
blocks and the knowledge space is captured as a simultaneous interrelationship
where any decision in one building block will affect the rest, which depicts the
systemic point of view if the proposal. Figure 3 shows the logic of the integration.
Next points describe each phase in the integration:

e Phase one: Service design CANVAS. This stage uses only the CANVAS
methodology to configure the business model. According to Osterwalder and
Pigneur (2010), this process has five activities: (1) It is necessary to mobilize
knowledge, competencies, and resources to obtain valuable information about
the market and the client. (2) In this activity, the team analyzes all valuable
information to create an initial concept of the business model. (3) The con-
ceptualization of the business model involves creativity, a time horizon, and the
anticipation of some changes in the market. (4) The implementation stage, in
this case, does not mean to put into operation the service, but validate the basic
assumptions. Finally, the activity (5) concentrates its attention to get feedback
that will produce valuable information to update the business model.
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Fig. 3 The integration between the C-K theory and the Business Model CANVAS (Osterwalder
and Pigneur 2010), (Hatchuel et al. 2017)

e Phase two: Combining the CANVAS building blocks in the Knowledge space
(K). In this activity, the nine building blocks of CANVAS divide the knowledge
space. A designer can start at any point. However, this chapter suggests a
bottom-up approach, which commences in the customer block to move then to
the value proposition and then explore the rest of the building blocks. The cost
structure is the last block that takes shape. Figure 4 describes the integration as a
continual process where the knowledge space and the concept space interact
dynamically.

e Phase three: Once the designer or team has an initial configuration of the service
production process, the next step is to deploy an analysis of the arborescence that
takes shape in the concept space. This activity aims to verify that the process
captures the service logic and that the concept and knowledge space are coherent.
A designer can go back to any previous step to add, eliminate, or modify any-
thing and to observe the impact of any given decision in the service design
process. Another benefit in phase three arrives when the designer uncovers new
opportunities for developing other aspects of the service, and hence, to propose a
more flexible service production system or simply to conceive an entirely new
service. Figure 5 describes an example of the arborescence.

e Phase four: In this stage, the designer proposes some indicators to evaluate the
most relevant parameters in the concept space with the purpose to validate the
conceptual design. If this activity offers a satisfactory result, then the team tests
the concept to obtain feedback. In the other case, the team or designer needs to
make the necessary changes in the process. This is an iterative process that ends
when the designer or the team has a valid design.
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Concept Space C Knoweldge Space K

K1 Customers

K2 Value proposition

K3 Channels

K4 Customer relationships
K5 Revenue stream

K6 Key resources
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C>K K9 Cost structure
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Fig. 4 The interaction between the CANVAS knowledge space and the concept space

Fig. 5 Division of the
concept space that forms the
arborescence

Concept Space C

Arborescence

5 Case Study

The case study describes the conceptual design of a new service. The implemen-
tation of this service will be coded in a piece of software that is consumed through a
website and also by smartphones. The service offers a system to supervise the water
level of a river with the goal to alert the population about increased risk. The
software also recommends what the nearest refuge facility is. Next points describe
how the methodology is applied in the case study.

Phase one: In this first activity, the team produces the first conceptualization of
the Business Model CANVAS. Next points describe each building block:

e Value proposition: A system that offers a continual supervision of a flow to
prevent population about an increasing risk. The software notifies to users what
are the nearest facilitates to take shelter. The system also preserves the
knowledge deployed by the local authorities to manage risks. It is possible to
reuse the successful strategies applied in the past and solves future incidences.
In the future, when enough cases will be stored in the memory, the team aims to
propose a simulation of a river with two goals: To increase the interest of
younger people, and for learning about the behavior of a river or flow.
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Fig. 6 The business model

Customers: Population that has an income higher than four times the minimum
salary in Mexico. This class includes prevention organizations, touristic enterprises,
and of course, any individual having a smartphone. The piece of software offers the
possibility to hire a space or temporal banners as part of a marketing strategy.
Channels: Social networks are a critical resource to put the service in the cus-
tomer’s preferences. A flexible infrastructure to adapt the service to the par-
ticularities of any given region. The enterprise will participate in some events of
prevention and also in risk training events in collaboration with local authorities.
The use of different software application to distribute the piece of software is
part of the distribution strategy.

Customers relationship: The piece of software will produce a constant interac-
tion with the customer. This CANVAS block uses a piece of software that offers
a constant interaction with the customer. The software stores and index infor-
mation about the user’s feedback, the frequency of use, the customer announces,
and the evaluation of the most relevant parameters of the application.
Revenue stream: Direct sells of the product is consumed through a monthly
payment or an annual subscription. The piece of software also offers to other
companies the possibility to advertise their trademarks. Finally, in the midle
term, it is expected to transfer the business model to other domains and export
the application to Latin American countries.

Key resources: The capacity of the cloud server, the continued operation of the
network of sensor installed in a river or flow. The system that transmits infor-
mation to the server, experienced staff for problem-solving, and the right criteria
for launching an alert to the population.
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Fig. 7 The initial configuration of the service

4. Customers
relationship

- A constant interaction
with customers due to
the application

- The user’s feedback,
the frequency of use, the
use of this

- Contract, terms and
other relevant
information

5.Revenue stream

- Sell or rent according to the
costumer requirements

- Maintenance and consulting

e Key activities: The frequency for updating the application and an effective
transmission of data from the source to the algorithm that transforms this
information in a usable form. The maintenance of the network of sensors and the
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coherence between the primary measuring elements and the mechanism to
transform data into information. The collaboration with the local authorities is

crucial in this case.

e Strategic partners: Different government levels, civil associations, software and
hardware developers, universities as a source of knowledge, and of course, the
collective intelligence of the population.
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e Cost structure: The manufacturing, installation, and maintenance of the sensors
network are a relevant part of the cost structure. The construction, indexation,
and maintenance of the knowledge memory. The conception and implementa-
tion of a simulation process that the user will exploit. Figure 6 schematizes the
business model.

Phase two: Figure 7 describes the design process as a dynamic interaction
between the concept and knowledge spaces. The first step in the process is to
express questions or disjunctive, which cannot be answered with the knowledge in
the current state. Hence, this disjunctive obligates the concept space to react. Then,
new knowledge is necessary to satisfy the lack of knowledge. What comes next is a
creation and modification of both spaces, which produce new concepts and recreate,
transform, or generate knowledge. In the next step, the designer chooses the
CANVAS building block that fits the best design process. Figure 4 proposes a basic
structure flexible enough to fit several requirements. When other CANVAS
building blocks get involved in the process, then different alternatives to produce a
service emerge. It is important to underline that behind a C-K diagram, there is a
design memory where are exposed and documented significant decisions. Each
alternative in the arborescence illustrated in Fig. 7 represents a different configu-
ration to produce and deliver the service. Consequently, the relation C- > K sear-
ches for some properties in K that can be added or eliminated to reach a logical
status. In this process, the designer validates the process. The inverse relation,
C < -K modifies the concept space, and in this process, it adds or eliminates some
properties of K toward C (Hatchuel et al. 2004).

It is important to underline that the C-K diagram is an iterative process. Figure 7
shows only one of the first models. The enterprise is launching the service at
present; hence, the final model is out of the scope of this chapter.

Phase three: This stage explores what is the impact of each alternative in the
production process. The analysis has the purpose of estimating the cost of each
solution, the time in the system, and even reveals the possibility to model the
process to answer questions like what happens if...? This phase produces infor-
mation that makes possible to identify a potential failure, and then, to fix it directly
from the source. The analysis in this stage also determines if the infrastructure,
resources, and capital are enough to assure the production of the service. This
information enables a cost-benefit relation that makes possible to estimate the cost
and facilitate the decision-making process.

Phase four: The designer determines what are the more practical parameter to
evaluate the pertinence and correctness of the service. A qualitative, quantitative, or
hybrid approach is possible. In the case study, the production time was a crucial
parameter. This information gives the enterprise the opportunity to explore what
will happen if the market demand is as expected, slightly higher or under the
forecast, and thus, modify the marketing strategy in the channels or other building
blocks of the business model.
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6 Conclusions and Future Work

Despite the importance of the service domain for any economy, in Latin America,
the methodologies and tools for service design are underestimated. There are just a
few universities that cover this topic, and even less postgraduate programs oriented
to the service design. The subjacent statement of this initial paragraph explains that
common sense is the dominant approach for service design. However, it is nec-
essary to explore more in depth the context to uncover the roots of this design lack
in Latin America.

The state of the art of both approaches, the Business Model CANVAS and the
C-K theory underlines their complementarity, and creates the right context to
propose a simple but useful integration. The goal of this combination is to provide a
mechanism to transform a service business model into a knowledge space to assist
the service design process. The chapter describes four stages, and the methodology
to combine the C-K theory and the Business Model CANVAS. The first phase or
stage focuses on the business model. Then, in the next stage, this information is
useful to divide the knowledge space, and the interaction between the concept and
knowledge space take place. At the end of this stage, the team or designer obtain a
C-K diagram, which contains the most significant alternative to produce the service.
In stage three, the team or designer elaborates a detailed analysis about each
alternative to extract the necessary information to estimate the cost, the production
time, and the probable conflicts among different paths, to mention some of the
information that this stage produces. The last stage is the validation of the process
by the team or designer. In this step, the expert can use qualitative, quantitative, or a
combination of indicators to validate that the most relevant parameters for the
customers are satisfactorily implemented in the process. It is important to underline
that each phase is connected with the next one; so, a problem or the lack of
knowledge in one phase will affect the next one and the precedent. For this reason,
in this chapter, it is accepted that the service design is a simultaneous process, and
not a sequential one.

As a future work, the authors consider that it is necessary to develop a knowl-
edge memory to facilitate the service design. From our point of view, it is possible
to propose a flexible and practical approach if the knowledge memory uses the
Business Model CANVAS as a fundamental structure. Hence, the research team is
developing an ontology to guide the service design process.
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Abstract The principal limitations of the Design Thinking (DT) model reside in its
high subjectivity, which generates some rigidity called psychological inertia and it
is observed in the search for a solution within a very well-defined space. Also, DT
does not offer strategies or techniques for the detailed solution of the intrinsic
problems of the design process. This means that the procedure of the
problem-solving that arises during the design process depends on the experience of
a team or an individual. The Theory of Inventive Problem Solving (TRIZ) may
assist the requirements of the Design Thinking model. TRIZ contains among its
tools, a set of techniques that allow modeling and solving inventive problems. At
the same time, TRIZ does not propose any tool or technique to identify the user’s
requirements, a fundamental aspect of the Design Thinking model. As a conse-
quence, this chapter describes a strategy to combine both approaches and presents a
basic structure to balance the best characteristics of both the approaches. The
purpose is to guide the thinking and the creative efforts during the development of
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an innovation project and offer to a user a set of tools to solve the problems that
invariably the design process contains. Finally, this chapter illustrates the appli-
cation of both techniques in a case study.

Keywords Design thinking - TRIZ - Product design - Inventive problems

1 Introduction

Nowadays, the basis for the development of products and services is the satisfaction
of the society needs and the resolution of its problems. There is also an industrial
effort to introduce new products to the market that are consistent with the client’s
requirements, but above all, at a pace that allows a company to maintain its
competitive position. The product (a manufactured good or a service) has success in
the market, depending on the correct transformation and appropriation of the user’s
needs and the functionalities that it incorporates. Also, the precise and effective
identification of the market requirements may lead to the development of successful
new products.

As a result, one of the starting points to create a new product or modify an
existing product is in the identification of the present and future market demands.
The process of the Design Thinking (DT) model makes use of the empathy as a
central process. Thus, the DT is a useful tool for developing products and services
that focus on the balance between the human needs, the business needs, and
technical needs, linked to the corresponding liability issues (Pavie and Carthy
2015).

Despite the usefulness of the DT, it does not propose some specific tools to deal
with problems that are always associated with the design process. A method based
on the evolution of technology offers a series of concepts and tools to solve
problems: the Theory of Inventive Problem Solving (TRIZ). In its structure, TRIZ
does not have a mechanism to identify the market needs. This task is based on an
individual’s experience and also on the use of other tools to extract this information.
Therefore, both methods are complementary: DT produces valuable information to
guide the design effort, while TRIZ can provide a repeatable and efficient toolbox
for problem-solving. Thus, this chapter proposes a framework for combining the
advantages of both methods and demonstrates the utility of this combination to
provide new resources with the potential to employ them in the design of new
products.

This chapter has five sections; the first one describes the role of the Design
Thinking model in the innovation process, mentioning their basic concepts and the
process to deploy this methodology, followed by an analysis of the state of the art to
observe how the DT has been used in both industry and academy.

The next section illustrates the function of the Theory of Inventive Problem
Solving (TRIZ), referring to their basic concepts, the benefits that provide to the
innovation process and the basis that substantiate it. In the same way, this section
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offers a literature review to analyze how it has been used during product design and
problem-solving.

Subsequently, the following section explains the reason for the integration,
analyzing, and evaluating both the methodologies separately, thus discovering their
strengths and opportunities. In this part is also described the potential of using both
jointly.

Immediately, the integration of design thinking with the TRIZ theory is
described by explaining that elements of TRIZ are incorporated in specific phases
of the DT.

Then, this chapter presents a case study on the innovation of a laptop cover by
employing the proposed framework (DT + TRIZ). Finally, the conclusion section
refers to the feasibility of integrating DT and TRIZ, and its potential to assists the
conceptual design of new products and later in the innovation process.

2 The Design Thinking (DT) Role in the Innovation

Innovation is the introduction of a new or significantly improved product, a process,
a new method of marketing, or a new method of organization for the market and
society (OCDE 2005). Therefore, innovation covers both the production and
implementation of new ideas (Schmidt and Rosenberg 2015). The Oslo Manual
(OCDE 2005) identifies four types of innovation: Product Innovation, Process
Innovation, Marketing Innovation, and Organizational Innovations.

This chapter focuses on product innovation, which corresponds to the intro-
duction of a new or significantly improved product or a service about its charac-
teristics or the use for which it is intended. It includes a significant improvement in
technical characteristics, components, and materials, integrated computing, ease of
use and other functional aspects (OCDE 2005).

Product innovations can use new knowledge, technologies or rely on new uses
and combinations of existing knowledge or technologies. Also, it is important to
note that the Oslo Manual explains that the development of a new method of a
product and the slight modification of their technical specifications is an innovation
of the product. Making some changes in materials, components or other features
that improve the performance of these products makes significant improvements in
existing products. Consequently, to develop a new product or significantly improve
one already existing in the market, it is essential to implement a design method-
ology. Several authors quote the use of DT to assist the innovation process. The
following section describes briefly the most relevant works in the context of this
chapter.
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2.1 Design Thinking (DT): Basic Concepts and Process

A systematic innovation process that prioritizes deep empathy for desires, needs,
and challenges to fully understand a problem in the hope of developing more
comprehensive, and practical solutions (Roberts et al. 2016). DT transforms the
way organizations develop products, services, processes, and strategies. The reason
behind this argument is that DT brings together what is desirable from the human
point of view, with characteristics that are technologically and economically viable.
DT is also a flexible approach to address a wide range of challenges. It is a method
for designing products, using the way of thinking of a designer, who uses a type of
unconventional reasoning in the business world, that is, the deductive thinking.
Therefore, the designer seeks the formulation of questions through the under-
standing of the phenomena. In other words, express questions that must be
answered based on the information gathered during the observation of the universe
surrounding the problem. Therefore, when thinking deductively, the solution does
not derive from the obstacle: more precisely, it fits into it (Vianna 2016). The
Design Thinking process covers five stages:

1. Empathize: Empathy is the basis of a people-centered design process. To
empathize, it is necessary to display three functions: (1) observe the behavior of
users in the context of their lives or the use of the product. (2) Interact with users
and interview them through scheduled and “intercepted” meetings.
(3) Submerge or experience what the user experiences or lives. Designers must
understand people to transform this observation into knowledge and later into a
product. Designers interpret and infer information about the meaning of the data
obtained to discover ideas or perceptions. These perceptions channel the creative
effort to generate solutions that meet their needs, requirements, and desires.

2. Define: This stage summarizes the findings collected through empathy and
defines a specific and relevant problem. The objectives are to identify the
problem or problems that the team must address and establish the evaluation
criteria. It is also at this stage where a team formulates some relevant design
restrictions and forecast the evaluation metrics to validate a concept.

3. Ideate: This stage calls for a creative effort. The team needs to focus their
creativity to propose concepts that will solve the design problem. Traditionally,
this stage utilizes psychological tools like brainstorming, six thinking hats,
SCAMPER, among other available techniques. The ideation stage is the tran-
sition from problem-identification to the exploration of potential solutions. The
team takes advantage of the collective perspectives, strengths, and creative
effort.

4. Prototype: The prototype stage consists of transforming ideas in some way to
the physical world. A prototype can be anything that has a physical shape,
including a wall full of Post-it to represent a process or a service, a role-play
activity, space, an object, an interface, or even a storyboard. The quality of the
prototype increases with the project maturity. A prototype then shows to users
what will be the product. Finally, a prototype is a way to test functionality.
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Frequently, this stage unveils new problems not detected before, increasing the
pertinence of the product.

5. Evaluate: This stage is the opportunity to refine the solutions and improve the
concept and the prototype. The user interacts with the concept to learn more
about their needs and requirements and provide useful feedback for the product
and the previous stages in the methodology.

2.2 Design Thinking: State-of-the-Art Review

Table 1 presents a review of the literature about the benefits that Design Thinking
give on the innovation process, its ability to combine with other techniques and its
importance in the development of products and understanding of the client.

By analyzing the state of the art of the Design Thinking, the following con-
clusions rise about this design approach:

According to Volkova and Jakobsone (2016), one of the most effective strategies
to improve competitiveness is achieved by creating new products, with meaning,
with added value and through the personalization of products taking into account
the following aspects:

(a) The understanding of the identity and culture of the user.
(b) The requirements currently requested.
(c) Future trends.

One of the main strengths of design thinking is the ability to communicate ideas
and create value proposals with multidisciplinary teams (Geissdoerfer et al. 2016;
Brown 2009a, b). Design Thinking has been increasingly recognized as a promising
asset for fields other than design. It gained attention in the sectors of business,
leadership, and management, as an option to deal with the growing complexity of
the market and to be used as a source of innovation and commercial success (Davis
2010; Dorst 2011; Fraser 2007).

Design Thinking allows anyone without design experience to create solutions to
everyday challenges. These solutions may be products, services, environments,
organizations, and modes of interaction. The design team converges to transform
the collected information into meaningful ideas (Shapira 2015). Principles that
characterize DT according to Glen (2015):

e [t is centered in the being. It tries to develop new knowledge about the problems
faced by users in everyday life. It is necessary that the designer puts aside
preconceived ideas and be willing to observe to define which problems deserve
further investigation. It develops empathy.

e Observation. To understand human needs, the DT emphasizes observation that
at the same time leads to empathy, understanding, and analysis. The purpose is
to obtain an understanding of the user’s requirements.
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e Display. The approach used to make information meaningful. It takes advantage
of empathy and intuition.

e Prototyping. The idea is represented with the purpose of obtaining feedback and
learning. To generate many disposable prototypes in the fastest and cheapest
way possible.

DT involves solving complex problems that require curiosity, imagination, and
creativity to generate, explore, and develop possible solutions, with value for the
final user (Dorst and Cross 2001). It offers to the companies the ability to transform
products, services, processes, and strategies, where the last one determines new
forms of value (Brown 2008).

DT defends the importance of empathy with the consumer. To develop good
solutions, teams need to understand their users; how they think and what they feel
about the problem that the group seeks to solve. DT offers a set of techniques about
how to develop the ability to become empathetic with the users. It suggests to the
innovation teams to immerse themselves in the lives of their users and observe how
they interact with the products they want to improve. By watching, listening, and
collecting stories, they can capture unexpected ideas or longings. In the line of DT’s
approach, innovation teams need to know their users and care about them and their
lives to create meaningful products (Brown 2009a, b).

DT has become an integral part of the innovation process. In fact, it plays a
strategic role in the generation of value through the creation of ideas that respond
better to the expectations and needs of consumers.

Design thinking with its broad and generic applicability provides an efficient
method for the creation of value-added products effectively (Brown 2008); justi-
fying in this way their ability to be integrated to other techniques, such as TRIZ.

The flexible application of design thinking provides an effective method for
creating value-added products effectively (Brown 2008). However, its flexibility of
application implies that the expert who applies the DT is in need of solving
problems outside his area of expertise. Consequently, it is necessary to aggravate
the DT deployment process with a method capable of formulating and solving
problems in multiple domains. The Theory of Inventive Problem Solving (TRIZ)
has this competence. The next section explores the use of TRIZ in the innovation
process.

3 The Role of the Theory of Inventive Problem Solving
(TRIZ) to Help the Innovation Process

TRIZ is the Russian acronym for the Theory of Inventive Problem Solving,
developed by Genrich Altshuller. Its objective is to solve inventive problems and
the intensification of the creative and technical thinking. An inventive problem is
the one that contains at least one contradiction (technical or physical), in which the
conditions of the problem do not allow negotiation or compromise between the
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different parties to the conflict (Cortés 2003). TRIZ is a systematic,
knowledge-based and human-oriented methodology of inventive problem solving
(Savransky 2000).

3.1 Basic Concepts of TRIZ

Some basic concepts of TRIZ are described below:

Contradictions: They arise when in a system, the attempt to improve a specific
parameter causes the unacceptable degradation of another parameter also useful or
when a system requires two mutually exclusive states to reach an objective (Cortés
2003). There are two types of contradictions: (1) Physical contradiction: It requires
the simultaneous existence of two mutually exclusive states or conditions in a single
component or parameter in a system. (2) Technical contradiction: The improve-
ment, modification, or transformation of a useful characteristic of a system causes
the degradation of another useful characteristic or a blockage in the system.

Ideal system: Systems evolve toward an ideal behavior. The evolution goes in
the direction of increasing the benefits and reducing costs (Domb 2017). The
extreme result of this evolution is the ideal result, where the benefits are present,
and the costs are not. It is the ideal solution to a technical problem (Fiorineschi et al.
2018).

Resources: According to TRIZ, the evolution of any technical system depends
on available resources. A resource is, for example, an element available in a system
or environment that remains inactive or underestimated, but with the potential to
generate a useful effect or a valuable action at no additional cost or minimal cost.
Some examples of resources are substances, energy fields, space, time, information,
and practical resources.

Trends of Evolution: Evolutionary tendencies, or patterns of evolution, are a
direct consequence of the laws of the evolution of the system. There are eight
trends. The studies of Altshuller showed that if a system begins to follow one of
these tendencies, during its evolutions, it will arrive at the predicted end. Therefore,
analyzing the current state of a system and its history, it is possible to identify
which trends have been undertaken and how the system can evolve shortly (Gadd
2011).

3.2 TRIZ Benefits

According to the Mexican TRIZ Association, the following points describe some of
the advantages of this approach (AMETRIZ 2016).
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It creates inventive solutions and practices faster.
It simplifies the products and processes technically, gaining in cost, reliability,
and average life.

e It resolves conflicts and technical contradictions without the need of trade-off
solutions.
It quickly conceives the next generations of products and processes.
It reduces the development cycle starting from a correct concept.

3.3 TRIZ Basic Assumptions

The research directed by Genrich Altshuller is based on the hypothesis that there are
universal principles with the potential to guide the creative process. These princi-
ples are based on technological evolution and not on psychology. After, his
investigation, these principles were identified and codified to give a more pre-
dictable creative process. There are three fundamental premises for solving a
problem using TRIZ:

e The problems and the solutions are repeated in different technological domains.
This implies that knowledge of one domain is transferable to others. The
modeling of a problem using physical or technical contradictions is an adequate
strategy to facilitate the transfer of knowledge among technical domains.

e The evolution of a technical system follows some trends that are repeated in
different technological domains.

e The resolution of an inventive problem requires scientific knowledge from
different domains.

3.4 TRIZ: State-of-the-Art Review

Table 2 presents a review of the literature about the benefits that the Theory of
Inventive Problem Solving confers to the innovation process, its ability to be
combined with other techniques, and its role in the New Product Development
process.

Creativity is the ability to generate new and useful ideas. To overcome limita-
tions in the generation phase of solution proposals, (Eppinger and Ullman 2007) as
well as (Ilevbare et al. 2013) suggests the application of specific methods and/or
tools to support the idea generation stage. One of these “assistants” to creativity is
TRIZ, which is considered as support for designers in the generation of creative
solutions.

TRIZ is a different method to conceive new products and processes that use
various tools that propose several ways to propose inventive solutions (Vaneker and
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Van Diepen 2016). It is a problem-solving approach strongly based on the concept
of “Contradiction” using specific techniques to solve them (Fiorineschi et al. 2018).

TRIZ is compatible with the solution of problems, prevention of failures, inci-
dents, management, the creation of new products/services, the definition of com-
mercial concepts, and the resolution of administrative conflicts. Therefore, it
contains a set of tools to be conveniently selected, according to specific needs
(Vaneker and Van Diepen 2016).

4 Reason for DT + TRIZ Integration

The literature review showed that there is an area of opportunity to combine DT
with TRIZ. The purpose of the integration is to assist users in the formulation of
innovation projects to combine the best features of both methods.

Consequently, it is possible to propose a framework which makes possible to
develop products such as designers do, through its 5 stages (empathy, definition,
ideation, prototype, and evaluation) and the fundamental concepts of TRIZ, which
might guide a team or an individual in the process of solving the intrinsic problems
generated by designing, in that way, channel the creativity, imagination, and
thought processes of the users. After reviewing the main contributions of each
approach, Table 3 summarizes the advantages of each approach and its
complementarity.

As the table shows, both approaches complement each other to cover certain
deficiencies, TRIZ benefits from DT to identify the user’s requirements and wishes
for whom it is being designed, and guides the design process so that people without
experience in design can carry out this process and equip themselves with products
with added value and meaning. While DT benefits from TRIZ to identify, define,
and model a problem, provides an efficient toolkit for the accurate resolution of

Table 3 Complementarity between TRIZ and DT

Advantages DT TRIZ DT + TRIZ
It identifies a user’s requirements Yes | No Yes
It models an innovation problem No Yes Yes
It proposes tools to solve problems No Yes Yes
It offers a framework to guide the design Yes No Yes
It subjects the proposed solution to evaluation Yes Yes Yes
It contemplates the possible evolution of a product in the No Yes Yes
future

It can be used by users without design experience Yes No Yes
It gives meaning to the products that are being designed Yes | No Yes
It prototypes to evaluate the proposed solutions Yes No Yes
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these problems, and in this way, it channels the thinking and creative effort towards
the development of solutions.

It may be determined that the complementarity of both approaches allows the
design of a framework with highly technical and humanistic characteristics, suitable
for designing new products that meet the requirements of users following a defined
process, where the thinking and creative efforts are efficiently directed.

5 Integration of Design Thinking and TRIZ Theory
(DT + TRIZ)

Figure 1 presents which elements of the TRIZ theory will be integrated into a
certain phase of the Design Thinking model:

Description of the framework:

Stage 1: Empathy

Empathy is the basis of the Design Thinking process, to empathize it is necessary
to: (a) Observe the behavior of users in the context of their lives. (b) Interact with
the users and interview them. (c) Experience what the user experiences.

It is suggested the incorporation of the concept of an ideal system into the basis
of the Design Thinking model: the empathy phase. The objective is to try to
understand the users and the way they describe how the product or service should
work to satisfy their needs, requirements, or desires.

-
2

Iteration

Y
- X - #

PROTOTYPE TEST

o, .

DEFINE
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et
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Ideal System Resources Resources Ideal Svstem
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Fig. 1 DT + TRIZ
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The type of information that they allow to collect may classify the methods used
in the empathy stage: qualitative methods (observation, interviews, and group
dynamics) and quantitative methods (surveys and questionnaires) (Garreta and Mor,
2010).

Results and Discussion of Stage 1

The objective of this stage is to understand the users for whom it is being
designed. Understand them as a person and identify what is important to them.
Observe what they do, how they interact with their environment, to infer what they
think and feel as well as what they need. Interacting directly with people reveals the
way of thinking and the values they have.

In this first stage of the DT, the ideal system concept of TRIZ will be used,
which consists of the user describing the ideal behavior of his product and its
benefits. In this way, the wishes and requirements that the user looks for in a
product are possible to obtain which will become design parameters for the fol-
lowing stages.

Empathy is the fundamental stage of the whole design process; TRIZ does not
consider this aspect when designing a product. As a result, it is the primary con-
tribution that DT makes to this theory. Knowledge about users, their contexts of
use, their needs, objectives, and attitudes are essential for user-centered design
(Garreta and Mor 2010).

Stage 2: Define

The second phase of Design Thinking focuses on the definition of the problem.
The analysis of the product aims to identify at least one physical or technical
contradiction (s) in the product, process, or service.

To support this DT phase, some elements of TRIZ will be identified, such as
(a) resources, which are elements available in a system or environment that remains
inactive or underestimated, but with the potential to generate a useful effect or a
valuable action at no additional cost or minimal cost. Some examples of resources
are substances, energy fields, space, time, information, and practical resources
(Orloff 2012). (b) Physical contradictions, which require the simultaneous existence
of two states or conditions mutually exclusive in a single component or parameter
in a system, and (c) Technical contradictions, which arise when the improvement,
modification, or transformation of a useful characteristic of a system causes the
degradation of another useful characteristic or a blockage in the system (Savransky
2000).

Results and Discussion of Stage 2

In the second stage of the DT, the findings obtained through empathy are syn-
thesized. A specific problem has to be defined, to address it, therefore make solution
proposals in the next stage. The contribution of TRIZ to the second stage of the DT
consists in identifying and defining the problem in the form of physical or technical
contradictions, in this way, the separation principles and the contradiction matrix of
the TRIZ toolbox can be used in stage number 3 as support to solve the problem.
The analytical tool of TRIZ to be used in stage number 2 is that of resources, where
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the substances, energy fields, space, time, information, and other resources present
in the system will be identified (Orloff 2012). Thus, it is determined how the body
of the system can be used to make a suggestion of improvement (wooden board or
some other material).

Stage 3: Ideate

The resources, the separation principles, and the contradiction matrix (which
contains the 40 inventive principles and the 39 technical parameters) and the ideal
system are the elements of TRIZ that will be integrated into phase number three of
Design Thinking: Ideate. The purpose is to channel thought and creative efforts
toward the search for an inventive solution.

This stage of the DT model consists in generating ideas to solve the problem
identified in the previous phase. The objective of this stage is to propose solutions
by taking advantage of the different perspectives and strengths of the design team.

The role of TRIZ in the stage of ideation is to channel thought and creative
efforts during the development of solutions through the use of concepts such as
resources (described in stage 2), separation principles used to solve physical con-
tradictions, there are four types:

I. The separation in space. If something is physically contradictory regarding
space, assigning the contradictory characteristics to various components of
the system will separate the requirement.

II. The separation in time. Condition the system so that contradictory require-
ments are executed in different moments of time

III. The separation between the whole and its parts. A characteristic can have a
value that is only observed at the system level and an opposite value and
even nonexistent at the component or subsystem level.

IV. The separation according to conditions. It consists in separating the contra-
dictory requirements so that it is the medium that surrounds the system that
executes the necessary changes that allow reaching an objective.

The next tool of TRIZ is the Contradiction Matrix; it is one of the first TRIZ
instruments proposed by Altshuller to solve technical contradictions. The vertical
elements of the Matrix are the engineering parameters that must be improved, and
the horizontal columns contain the engineering parameters that may be affected and/
or negatively degraded as a result of the improvement of the parameters, which are
used to solve the technical contradiction (Savransky 2000). Then, it is considered to
make use again of the ideal system (explained in the empathy stage) to analyze if
the solution proposals generated in this stage are suitable results to satisfy the user’s
requirements.

Results and Discussion of Stage 3

The DT uses techniques such as brainstorming, the trial and error method and
the six hats to think of Edward de Bono, which have a high psychological bias,
generating the design team to ramble during the generation of ideas and consuming
time. TRIZ provides in this stage the Contradictions Matrix (which contains the 40
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principles of the inventive solution and the 39 technical parameters) and the prin-
ciples of separation which will provide a guideline to the design team to start
developing new ideas; these strategies channel the creative effort of the designer.

Stage 4: Prototype

In this stage of the DT, the proposals generated in the ideation stage will
materialize, that is to say, the product with the relevant improvements will be taken
to a physical plane, to experiment and analyze its functionality. The product is
replicated in the material available (cardboard, plastic, wood, etc.), represent it by
means of the storyboard, through an interface, a role-play, etc.

The importance of this stage is that through a prototype it is possible to learn in a
better way, design disagreements are stipulated and resolved, a conversation with
the user is initiated, if the proposal is wrong the design team will realize before
launching it to the market, saving resources. This interaction with the prototype
helps to drive empathy and in this way develop successful solutions.

Results and Discussion Stage 4

TRIZ does not explicitly consider the need to prototype in its resolution process,
although it is assumed that it does it. Therefore, DT covers this limitation with its
fourth stage. By making tangible the proposed solution improves the understanding
of a product and its respective manipulation, they are made to find areas of
opportunity to improve it. The design team and the user interact with the prototype
to empathize with it in its everyday context.

Stage 5: Test

Finally, in the last phase of design thinking, the prototype will be tested with the
user to receive feedback. In this final stage, the ideal system concept of TRIZ is
used, so that the user can determine if the prototype meets the requested require-
ments, that is to say, the ideal behavior of the product. If necessary, relevant
changes will be made. Thus, it is possible to return to previous phases of the model
to rethink or improve the proposal.

The process described above is iterative, that is, it allows returning to the pre-
vious stages of Design Thinking if necessary, to rethink the proposed solutions and
even analyze if the problem was established correctly or if there is some charac-
teristic that was omitted in the empathy phase.

Results and Discussion Stage 5

In the last stage of the DT, there is an interaction with the prototype to find areas
for improvement and propose solutions. If necessary, the design team is referred to
previous stages of DT to solve the problem. TRIZ brings to this stage the concept of
an ideal system with the purpose of comparing the developed proposal with the
requirements and wishes stipulated by the user in the first stage of DT.
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6 Results and Discussion of DT + TRIZ Integration

The integration of DT and TRIZ is feasible. After analyzing the advantages and
limitations of each tool, its complementarity was determined. On the one hand, DT
provides TRIZ with accurate information about the requirements, wishes, and
desires of the users for whom it is being designed. It offers a framework to guide the
design process, including to be carried out by users without design experience.
Also, it gives to the product a meaning to make it more attractive to the user. It
considers prototyping to materialize the ideas proposed and in this way facilitate
interaction with the user. It submits the proposals generated for evaluation, to obtain
feedback and if it is necessary to return to previous stages of DT to improve the
prototype.

On the other hand, TRIZ gives DT the problem in the form of contradiction, by
performing this strategy there is a possibility of having access to the TRIZ toolbox
to solve this problem effectively based on scientific principles and proven over time.

Therefore, DT marks a process to design products and establishes the basis,
which is the description of the user for whom the work is developed, while TRIZ
provides the necessary tools to channel the creative effort of the design team during
the generation of solution proposals.

7 Case Study

The following case study shows how the Design Thinking model was applied in
combination with the Theory of solving inventive problems (TRIZ) to propose a
conceptual design of a system that supports a laptop:

Stage 1: Empathy

In this first stage, it began with the technique of observation, which consisted of
analyzing laptop users, to know what they do with their equipment and under what
conditions they do it. The information obtained by performing this technique
supports us to determine their behavior and to know how the user uses his laptop.

It was observed that users employ their laptop in different situations: in closed
and external environments, static or moving. It is common for the user to place the
computer equipment on their legs. When the user becomes distracted or exalted by
interference from outside, drop the equipment to the ground, which receives the
damage in the corners most of the time.

Another technique used in this phase is the interview, which aims to obtain
qualitative information, a deep understanding of the needs, preferences, and past
experiences of users regarding a product is pursued (Garreta and Mor 2010), in this
case, the system that supports the laptop.

The laptop users were interviewed, obtaining more important data that as the
time passes, the equipment begins to heat up more and more and to expel hot air,
causing in the user a sensation of heat.
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During the interview, the ideal system is used (See Sect. 3.1 Basic concepts of
TRIZ), the user is asked what are the features and benefits that you are looking for
in a laptop. It obtained security and portability as the most important requirements.
Regarding safety, it is mentioned that the laptop’s support system does not slip off
the legs, and that the laptop does not slip from the support object and that in case of
falling, the system receives the damage so that the laptop suffers the least possible
damage. Regarding portability, it is desired that the support system of the laptop
(average size 13 and 15 inches) can be stored in an average backpack (45-55 cm
high, 30-35 cm long, 15-25 cm wide).

Observing and interviewing laptop users the aforementioned information were
obtained, the difficulties encountered were experienced by the designers of this
laptop to have empathy with the user. Another aspect found through this exercise
was that when transporting the laptop, the user can be pushed and release the
laptop, including doing that by its distraction.

After interacting and empathizing with the user, it is determined that the ideal
system for the laptop is the one where the object can be assembled by itself, that
prevents the laptop from sliding, in case of falling, that protects equipment from
impact, comfortable to keep it in the legs for a long time and that becomes portable
to carry it in a backpack.

Results Stage 1:

In summary, the most important aspects collected during this stage is that sys-
tem: (I) Do not allow the equipment to slide, (II) In case of fall, you must protect
from equipment damage, (III) It must be able to be used on the legs, (IV) It must not
slide off the legs and (V) It must be portable (fit in an average backpack).

Stage 2: Definition of the problem

The objective of this stage is to identify which are the main problems when using
a laptop on the legs, both outdoors and in closed or external environments, in static
or moving way and the inconvenience to transport it.

It is determined that the main problem is that the system requires new functions
to satisfy the user. Using functional analysis, it was defined that the system cannot
be portable and to provide security to the laptop.

The main resource (See Sect. 3.1) with which the system has space, since it is
that through the modification of its original form it becomes multipurpose, that is,
with the minimum number of movements, the system offers different functions.

Once the functions that must be incorporated into the object are known (that the
system changes form to provide different functions), we analyze the TRIZ tools
based on knowledge, specifically, of the Technical Contradictions Resolution
Matrix (MRCT) which is a relation between the 40 principles of inventive solution
and the 39 generic parameters, arranged in a 39 x 39 matrix (Cortés 2003).

Then the parameter to be improved is determined, in this case, the stability, as
well as the characteristic that degrades or worsens, which is the form. At the
intersection of these two axes are contained principles of inventive solution that will
serve as support in the search for solutions.
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The inventive principles are strategies and heuristics, able to guide the reasoning
of an individual toward the solution of a problem, without causing minimal harmful
effects (Cortés 2003). The principles are classified according to their relevance,
which means that the principle that occupies the first position is the most appro-
priate to resolve the contradiction. The technical contradiction asks for two
parameters in conflict: stability versus shape. The solution principles found in the
intersection of these parameters are 1, 4, 35, 17, 7, and 3, which correspond to the
principles of segmentation, asymmetry, the transformation of the physical and
chemical states of an object, movement to a new dimension, nesting, and local
quality, respectively. Therefore, these are the guides to make improvements to the
system that is being designed.

Results Stage 2:

The main problem to solve is that the system must be secure and portable. Space
is the resource that should be used when designing the new system. The team
chooses to model the conflict as a technical contradiction, due to its facility to
understand this tool. The aspect of improving is the stability of the system for its
use in exteriors and interiors, for this it is necessary to modify the form, being the
aspect to get worse. The first inventive principle to modify the system is the
principle of segmentation.

Stage 3: Ideation

The design team develops a series of proposals for solving the problem and the
contradictions identified in the previous phase. It makes use of techniques such as
brainstorming, six hats to think, and brain writing to interpret the principle of
inventive solution (segmentation) and propose how it will be applied to the new
system.

To carry out the improvement of the system, it is desired to improve the stability;
on the other hand, the characteristic that can be affected is the form. Therefore, the
solution principle that MRCT recommends to use is the segmentation principle,
which consists of creating a sectioned object or increasing the degree of segmen-
tation that it already has.

The proposed solution consists of segmenting the body of the system, which is
rectangular so that when making a move the system goes from being a support
structure to a transport structure for the laptop. During the experimentation, it was
discovered that by severing the middle part of the body of the system it was
possible for the walls of the system to move, in this way, it could be manipulated if
the walls surround the computer equipment (to protect and transport it) or if they
were joined to form a base that supports the computer equipment.

Regarding security, it is proposed to add a handle in the system that will act as
insurance in case the user releases the system since by doing so, the equipment will
be hanging from the wrist, giving the user enough time to reincorporate the system.
To the system does not slip from the legs, it was proposed to incorporate some
small legs, which will prevent the equipment from sliding when moving the legs,
providing greater stability and security to the system. Garters will be placed in the
corners of the system so that the laptop does not come off when transported. The
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proposal generated contains some elements of the principle of universality since the
system can be used as a cover, support, and means to transport the equipment.

Results Stage 3

The principle of inventive solution was used to propose the new system is that of
segmentation, which consists of creating a sectioned object or increasing the degree
of segmentation that it already has. A handle will be added to the structure of the
system to act as insurance in case the user releases this object. Legs will be added to
improve the stability and safety of the system when it is placed on the legs.

Stage 4: Prototype

The objective of the fourth phase is the materialization of the proposed solution,
in such a way that the new proposed functions, movements, portability, design, etc.,
can be analyzed. A prototype was made based on cardboard, with the purpose of
replicating the “ideal” laptop support system requested by the user (see Fig. 2),
complying with the segmentation principle, adding the handle and legs to the
structure.

Fig. 2 Prototype
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Results Stage 4:
A functional prototype of the proposed laptop system made of cardboard, wood,
and elastic strips (see Fig. 2).

Stage 5: Test

Submit to evaluation the prototype developed by the design team and the user to
obtain feedback. Take into account at all times the ideal system stipulated by the
user in the first stage (See Stage 1 of the case study).

When interacting with the prototype, it was verified that the laptop is subject to
the system, that is, it does not slip. It was found that the legs provide stability and
safety, ensuring that even if the user moves the legs, the system does not fall off, but
stays on the same legs. The handle was moved to a corner of the system, due to
when the design team was manipulating the accessory determined that the equip-
ment is held at an angle and not the middle part where the handle had previously
been placed and that it should not be exposed when it is not used, so it is proceeded
to nest it to the structure of the system. The system can be used as a support and as a
means of transporting the laptop, according to the user’s need.

Results Stage 5:

The goal is to verify the functionality of the designed system, determining that
the segmentation principle was appropriated, that the garters and legs fulfill their
objective of providing security, avoiding that the equipment slides and that the
handle works in a better way in the corner of the system than in the average part
where it was placed in a beginning.

8 Results and Discussion: Case Study

When DT + TRIZ was applied during the innovation to a laptop support system, a
final product was obtained, which is an object that provides stability, security, and
portability. Garters and legs give security to the computer equipment since it pre-
vents it from sliding and falling off the legs; the structure of the system is designed
to hold the equipment in the legs. At the same time, the user is prevented from
receiving heat in his legs, by making a simple movement, the system covers the
computer equipment, acting as a sheath, in this way, if the equipment goes down,
the system receives the impact, avoiding or reducing the damage to the
laptop. Another feature in the object that the user does not expect, but that increases
the usefulness, is the addition of a handle. The user inserts the hand. If by dis-
traction or accident he releases the equipment, the system will remain hanging from
the wrist avoiding the computer to fall. The requested portability requirement is
met, designing the system in such a way that it can be transported in an average
backpack (45-55 cm high, 30-35 cm long, 15-25 cm wide) and for laptops from
13 to 15 inches. Technical parameters such as mechanical resistance, flexion points,
and the number of kilograms that the laptop holder supports are evaluated through
laboratory tests.
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9 Conclusion

Potential/Feasibility of integration

It can be concluded that the characteristics of DT centered on the human being
and the highly technical and logical attributes of the theory of solving inventive
problems benefit each other. Consequently, they can be combined to obtain a model
that uses the best features of both. By combining both approaches it is possible to
understand the problems and needs of the user using the approach of Design
Thinking, and will have a greater chance of success in formulating a solution to
these requirements through the use of TRIZ theory, making use of its tools, to
channel the creativity and innovation efforts of the design team.

Integration needs

e Integrating design thinking with the theory TRIZ seeks to increase the efficiency
of the ideation process. Both in TRIZ and in DT, thought is channeled through
considering specific elements, being a support to be in continuous generation of
ideas, and that these, are argued, that is, that each idea has a rationale and is
based on a specific principle or parameter, demonstrating in a better way why it
would be the best option to solve the problem of the client/user.

e Decrease the psychological bias during the ideation phase, wander to generate
ideas and even creative blocks, that is, when there are no more ideas to con-
tribute, or it is not known how to start the approach, formulation or description
of an idea.

e [tis a proposal for those entrepreneurs who wish to innovate an existing product
or want to formulate an innovation project starting from scratch, providing a
framework to follow to have enough empathy to identify needs in the market
and have sufficient tools to develop their respective proposals for solutions
properly argued.

10 Future Work

e [t is contemplated to incorporate the trends of evolution to try to explain what
will be the stages of development of a prototype. In this way, a family of
products could be planned, and the transitions of the product managed more
appropriately.

e It is necessary to propose a strategy to systematize the use of DT + TRIZ
through a software platform or an application of easy access and consumption.

e [tis necessary to make many more case studies to improve the methodology and
test it in different contexts and with different restrictions.
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