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Abstract

The aimof this workis to identify andanalyze anindex to measureinnovation
capacityofenterprises in thesoftware industry ofJalisco, based on a survey
ofthecompanies in theSoftwareCenterof the State,as well as evaluatingtheinfluence
that hasthe capacity for innovationon competitiveness, seeking empirical evidence
toanswer thequestion. The mainhypothesis forthis researchis the ability to
innovateis a factor thatpositively affectsthe performanceof companies inthe
software industry, which is reflected inthe competitiveness ofsector. The methods
used in this research are three: innovativeness index (ICI), Linear Regression Model
with OL Sand Soft Computing using evolutionary algorithms: FUZZYCESAR, the
latter something very newwhich puts us inthe forefront of knowledgein methodsit
isstill.
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JEL:
Resumen

El objetivo de este trabajo esdeterminar y analizar un indice que permita medir la
capacidad de innovacion de las empresas de la industria del software de Jalisco,
partiendo de una encuesta realizada a la empresas que componen el Centro de
Software del Estado, ademas de evaluar la influencia que la capacidad de
innovacion tiene sobre su competitividad, buscando la evidencia empirica que
permita dar respuesta a la pregunta formulada. La principal hipotesis que guiara
esta investigacion es la capacidad de innovar es un factor que incide positivamente
en el desempenio de las empresas en la industria del software, lo cual se ve
reflejado en la competitividad del sector. Los métodos usados en esta investigacion
son tres: Indice de capacidad de innovacién (ICI), Modelo de Regresion Lineal con
Minimos Cuadrados Ordinarios y Soft Computing aplicando algoritmos evolutivos:
FUZZY CESAR, siendo esta ultima algo muy nuevo que nos sitia en la frontera del
conocimiento en cuanto a métodos se trata.

Palabras clave: Competitividad, industria del software, innovacion.
1. Introduction

The economic outlook is forcing companies to rethink their business, because the
complexity of the environment is causing a progressive decline of many business
models considered valid until recently. In some sectors, innovation has become an
essential survival factor. However, still for some companies, especially smaller
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ones, innovation is synonymous with complexity and ignorance, leading to a sense
that is exclusive to large companies. The ability to innovate is a resource of a
company like its financial, trade and productive capacities and should be managed
in the same manner with the same importance.

Moving toward a service economy with high added value and an innovation
oriented dynamic industry requires competitive information and communication
technologies (ICT) tightly integrated with other economic sectors. In a globalized
economy, built by information and knowledge, software is a primary tool for
solutions of problems facing industry, academia and government. This is how the
software industry offers new opportunities for economic and social development of
countries (Secretaria de Economia, 2012).

The Software Industry in Mexicois relatively small and of Little commercial
development, based mainly on the production of custom software, standardized
software adaptation to the needs of users. This lack of development of production of
basic software, systems operating systems and applications, is expressed in the
structure of national accounts of Mexico, which has not a section that allows
socially account the magnitude of domestic production of such software (Mochi,
2006).

In this context, this research aims to analyze the competitiveness of the
software industry Jaliscode pending on the capacity for innovation. It is intended to
determine an index of innovation capacity to analyze and discuss the application of
this indicator to a sample of44 companies of the State of Jaliscoas part of the
Center for Software (2012) and likewise interested in evaluating whether firms with
greater capacity to innévate have out performed the market, which is reflected in
the sector's competitiveness.

2. Problem delimitation

The technological advances that have occurred in recent years have generated and
promoted many events and series of processes that many have defined as a new
productive industrial revolution (Dabat, 2002). These events mentioned Mochi
(2006), are related to the emergence of an ew stage of capitalist production, which
is characterized by the increasing importance of technological innovation and
knowledge as a major factor in generating value, a context of economic
globalization.

In this context, this research aims to analyze the competitiveness of the
software industry of Jaliscode pending on the capacity for innovation.It is intended
to determinean index of innovation capacity to analyze and discuss the application
of this indicator to a sample of 44 companies of the State of Jaliscoas part of the
Software Center (2012). Moreover, this research is interested in evaluating whether
firms with greater capacity to innévate have out performed the market, which is
reflected inthe sector's competitiveness. In this scenario, the information and
communication technologies (ICTs) have become very important. This is related to
the development and increased use of multifunctional technology: Software. This
has generated a major industry, whose key fields are software engineering and
informatic services (SIIS), which have a complex structureand require a
greatcapacity for innovation.
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The software industry in Mexico and Jaliscois going through a stage of
maturity, which manifests itself in an increase in recent years. In addition, to the
generation of active public policies that are aimedat encouraging entrepreneurship
and development of existing businesses, the promotion of technology and
infrastructure (Secretaria de Economia, 2012). As Mochi (2006) argues,
opportunities and challenges posed to consolidate the software industry, make
clear the need to convene, in order to exploitthe advantages offered by this sector,
for insertion into the international economy, and development of different sectors of
the national economy.

It is important to also consider that Jalisco being the leading producer of
embedded software in the country, then it can be said that, as noted by the OECD
to Mexico, is still competing inniches with low value added (OECD 2006), low
innovation (Rodriguez 2010) and Little expertise. Hence the issues that this
research intends to address, which part of some work and international sources
out of which it is possible to draw a number of elements to determine an index to
measure the innovativeness of a representative group of the software industry in
Jalisco in order to study this as a factor affecting performance companies in the
sector, reflected on competitiveness.

3. Research question

Does the ability to innovateis a factor affecting the performance of companies in the
software industry Jalisco, making the sector competitive?

4. Justification of research

Due to the increasing international competition and the integration of technological
advances, companies have had to adapt to technological changes in order to
compete in the market. Likewise, they require efficient and adequate resources and
therefore create capabilities as relevant to recognize the potential of innovation and
adapt to the needs of companies, allowing them to differentiate themselves from
their rivals and becoming more competitive. It is contradictory that despite the
importance and rapid growth of the software industry worldwide, there is relatively
little scholarship on the topic, although there is a lot of work studying forms of
competence, the dynamics of innovation among others, in branches such as
automotive, chemistry, computing, but few that do the same in the industry
(Mochi, 2006) software.

The ability to innovate today is a relatively a new concept that is considered
very important when talking about competitiveness either a company, industry or
country. Given this scenario and considering the paucity of literature on this
subject, this research aims to analyze the innovation capacity of Jalisco’s software
companies and the incidence of the competitiveness of the sector through market
performance. The importance of research also lies in the methodological proposal
made to analyze this situation, as it aims to define an Innovation Capability Index
of business and industry, likewise to analyze the correlation between this index
with recorded sales on the last period applying econometrics and soft computing.
Thisis a totally new method to analyze such situations.

www.aeph.in



AEIJMR - Vol 3 - Issue 3 — March 2015 ISSN - 2348 - 6724

5. Research hypothesis

To define theassumptions on whichresearchwill be addressed, then thevariablesare
described.

A.Definition ofvariables

Independent variable(X0): X0=Ability to innovate
Dependent variable: (YO): YO=Competitiveness of thesoftware industryJalisco.

Tablel: Overview ofresearch variables

VARIABLES DESCRIPTION INDICATORS
Xo Innovationcapacity | Xi: Innovation Capacity Index (ICI)
Yo Competitiveness Yi: Sales

Source: Ownelaboration.
B. General hypothesis
HO: X0 ¥o—
HO: The ability to innovate is one factor that positively affects the performance of
companies in the software industry, which is reflected in the sector's
competitiveness.Whereas Innovation Capacity Index is composed of three factors as

described in Table 2 below:

Table 2: Factors of independent variable

VARIABL DESCRIPCION INDICADORES DIMENSIONES
ES

Xo Innovationcapacity | Xi:InnovationCapacitylndex | Xr1:Capacity
development
Xr2: Product innovation
Xrs:Knowledgecirculation

Source: Own elaboration base on Yoguel y Boscherini (1996).
Three secondary hypotheses are also proposed:

C. Secondary hypotheses

HiXr1 —» Y
HoXre —5» Y
H3Xrz3 —» Y

1) H1: The ability to innovate in terms of capacity positively affects sales.

2) H2: The ability to innovate in terms of product innovation positively affects sales.
3) H3: The ability to innovate in terms of knowledge circulation positively affects
sales.
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6. Research objectives
Raised in the directions described above, the objectives are described below.
A.Generalpurpose

To analyze the competitiveness of the software industry Jaliscode pending on the
innovativeness of the companies that comprise it.

B.Specific objectives

1) Determine the Innovation Index of Jalisco software industry.

2) Analyze sales companies in the software industry of Jalisco, according to the
Innovation Index.

3) Analyze sales companies in the software industry Jalisco, depending on the
factors of the Innovation Index.

7. Scope

This research is a descriptive type, which intends to describe the behavior of sales,
depending on the innovativeness of software companies Jaliscoduring the last
period for which ithas been usedsecondary sources.

8. Research methods
A. Description of the investigation

According to the objectives, the methodological procedure proposed is aimed at
determining an index of innovation capacity to assess the situation of the sector
taking a sample of 44 companies. Subsequently, it is analyzed as an independent
variable in a model that seeks to find its relation to sales, using for thisthree
methods:

1) Innovation Capacity Index (ICI)
2) Regression econometric.
3) Fuzzy logic and evolutionary algorithms.

To determine the Index of Capacity for Innovation (ICI), factors
differentiating between those associated with the development of skills, the
innovative product and circulation of knowledge, some primary sources were used
by an instrument applied to 44 companies Software Center of Jalisco, see Annex A.

B. Type of research

Following the methodology of Hernandez, Fernandez&Bapista (2003), there are
exploratory descriptive, correlational and explanatory studies.

This research is a descriptive with a quantitative approach because data is
collected or components on different indicators that measure the ability to innovate
and their impact on competitiveness and performance of companies that make up
the sector to be studied. To explain the behavior of the sector, it is considered the
sales of the last period. The descriptive research seeks to specify properties,
characteristics and important features of any phenomenon to be analyzed
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(Hernandez et al., 2003, p. 119). Descriptive studies measure more independently
rather concepts or variables to which they relate and focus on measure as
accurately as possible (Hernandez et al, 2003).Also, the study as a quantitative
approach, since it is necessary to analyze the results and to use the proposed
methods.

C. Research design

Through research, it will be obtained the necessary and required information to
accept or reject the hypothesis. This research is non-experimental, transactional
and of a descriptive type. It is not experimental also because the variables cannot
be manipulated and data gathering will be obtained from primary sources. Since in
a non-experimental study builds no situation but existing situations are observed
not intentionally provoked (Hernandez et al., 2003).Descriptive transactional
designs aim to investigate the incidence and values that are manifested one or
more variables within the quantitative approach. The procedure is to measure or
locate a group of people, objects, situations, contexts, and phenomena in a variable
or concept and provide a description (Hernandez et al., 2003).

The methods to be used in this research are described.
a) Index innovativeness

To test the hypotheses, it will apply the proposed Yoguel and Boscherini
(1996) model, with a total of three factors of the innovation capacity index:

a. Capacity building
b. Innovative product
c. Circulation of knowledge

Getting information through a detailed survey of enterprises of Software
Center and a wide range of internal and external factorshas contributed to the
research.

b) Multiple regression analysis

The technique of multiple regression analysis is more suitable for a ceteris paribus
analysis because it allows explicit control many other factors that affect the
dependent variable. This is important both to test economic theories as to evaluate
the effects of a policy when it is necessary to rely on non-experimental data.
Because multiple regression models can accept several explanatory variables that
may be correlated, can be expected to infer causality in cases where the simple
regression could not give good results (Wooldridge, 2009).

c) Fuzzy logic and evolution aryalgorithms (FuzzyCsar)

Current technology has enabled the industry to collect and store large amounts of
information. This information is a key factor for company processes and is
invaluable for making business decisions. This need for modeling the behavior of
the variables can be formalized with a database of transactions that contains a set
of transactions {t1, t2,. .., Tn} where each transaction tk contains a set of items
(which is commonly known asa set of elements), and is a collection of elements {i1,
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i2,. ..,,Im}. The over all objective is to find interesting patterns, associations,
correlations or causal structures among sets of items.

These relationships are put interms of association rules. An association
ruleis an affirmation X— Y, where X and Y are dis joint sets ofelements. This type
of modeling, using rules, has the advantage of being readable without losing
generalization (Sancho, 2011).

A.Knowledge representation

Fuzzy-Csar evolves a population of association rules, generally referred to as
classifiers. At the end of the learning process, the population is expected to capture
the strongest and most relevant associations between variables. The user sets the
maximum size of the population. This maximum sets an upper limit on the number
of relevant associations that can be found, i.e. the maximum; the system will be
able to discover as many relevant relationships as the number of classifiers in the
population.

Each classifier is a fuzzy rule association and a set of parameters. The fuzzy
association rule is represented as: if xi is Ai and... And Xj is Aj then xc is Ac, where
the antecedent contains La input variables xi, ..., Xj and the result is a single
variable xc is not present in the antecedent. In presenting this study, each variable
is represented by a linguistic term or label Ai, which can be user defined. This
structure allows a number of variables to be background, but requires only one
variable as a result. With this strategy, the researcher can search for sets of
variables with certain values that make other variable to occur. Rules therefore can
be interpreted as a causal relationship between certain values of the variables in
antecedent (s) and certain values of the consequent variable.

Besides its own association rule, each classifier has two main parameters,
the support and confidence.
i. Support: is an indicator of the frequency of the rule.
ii. Confidence indicates the strength of the association

The Fuzzy-CSAR system is designed to find rules with high support(i.e.,
rules that indicate a relationship that can be found frequently), and high
confidence (i.e., the rules under whichthe values of the variables in the antecedent
determine the value of the variable in theconsequent).

Caesar Fuzzy learning scheme continues to evolve a population of highly
relevant standards, from a population of vacuumand learning new training
examples as shown. More specifically, the system receives a new training example
at each iteration of learning, and then takes a series of measures. First, the system
creates a wholeparty [M] withall classifiers in the population that match theinput
example with greater than 0. If [M] does not contain sufficient classifiers, covering
the operator is activated to create new classifiers. Soclassifiers [M] are organized
together the candidates of the association.

Each set of candidates association is given a selection probability
proportional to the confidence of the average of classifiers that belong to this set of
associations. The selected set of association [A] goes through a process of
subsumption that aims to reduce the number of rules that express similar
relationships between variables. Then, the parameters of all the classifiers in [M]
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are updated according to information provided by the current instance. At the end
of the iteration, a genetic algorithm is applied to [A] to discover promising new
rules. This process is repeatedly applied to update the parameters of existing
classifiers and create new promising rules (Orriols, Martinez, Casillas& Nick, 2012).

D. Model Specification

In this section it is described the model and the methodology used in research, in
order to validate the hypotheses that will be described in detail:

1) HO: The ability to innovate is one factor that positively affects the
performance of companies in the software industry, which is reflected in the
sector's competitiveness.

2) H1: The ability to innovate in terms of capacity positively affects sales.

3) H2: The ability to innovate in terms of product innovation positively affects
sales.

4) H3: The ability to innovate in terms of knowledge circulation positively
impact on sales.

a) Hypothetical model
With the assumptions and the revised theory it was posed a hypothetical model to
be validated in this chapter. So it is important to consider the composition of the

variables under analysis that it was developed:

a. Dependent variable: Competitiveness
b. Independent variable: Innovation Capacity

The indicators of both variables are:

a. Competitiveness sales
b. Capacity for innovation: Innovation Capacity Index

It is very important to note that the Innovation Capacity Index is composed of three
factors:

a. Capacity building
b. Innovative product

c. Circulation of knowledge

Out of these factors, the following hypothetical model is developed, where it can be
seen graphically in Figure 1 the relationship between the variables and hypotheses:
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Figurel: Hyphotetical model proposal
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Source: Authors.
E. Operationalization of variables

Depending on the hypothetical model described, with the purpose to meet the
objectives and contrasting hypotheses, then the operationalization of variables,
which is the starting point to use the methodology proposed research, is presented
in table 3:

1) Independent variable: The variable used in this study as described in Table 3is
the ability to innévate in the sector, a variable that is measured by an index of
innovative capacity, which depends on three factors (Capacity Development,
Product Innovation and Circulation of Knowledge) that were operationalized as
shown in Table 3. Data obtained from the survey applied to the sample, basically
covering eight questions to be described later, all this for the rate of innovation
capacity of the sector.
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Table 3: Operationalizing variables

RIABLES DESCRIPTI INDICATOR DIMENSIONS OPERACIONALIZZ
ON S ATION
Capacity
Xri1:Capacitybu
ilding Quality
Xo Abilitytoinn | X;j: S—
ovate Innovation Linking
Capacity Development
Index (ICI) -
Xr2:Productinn | Productdevelopmen
ovation t
Modifications
Tecnologicalconvers
ion
Xrs:Circulation | Sharing
of knowledge Training
Yo Competitive | Yi: Sales Y:: Sales Annual sales
ness

Source: Authors.

2) Dependent variable: The data obtained in the survey competitiveness applied to
the sample basically encompass a question that relates to the sales recorded last
period. This indicator of competitiveness and performance of the sector is key to
analyze the influence of the Capacity to innovate on them.

A. Methodological instrument

The methodological instrument used for this research is a survey that is part of the
research project of Francisco Raul Leonel de Cervantes Orozco of the Master of
Business and Economic Studies through support from Institute Jalisciencie of
Information Technology (IJALTI) in collaboration with the IDIT SMEs. It was applied
during the first half of 2012 to 44 of 52 companies that make up the Software
Center of the central state of Jalisco.

The survey consists of ten sections:
1) Data respondent
2) Company Information
3) Information of company founder
4) Type of business
5) Park services where it is located
6) The company in the Cluster Software
7) Learning Activities Company
8) Innovation
9) Quality
10)Interactions with other local associations
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It is therefore very important to clarify that for purposes of this research, it is
based on this instrument and the information gathered. Thus,it could be said that
it is working with secondary sources
1) Innovation capacity index

As part of the research design and to fulfill the objectives and validate the
hypotheses, the first section of the methodology is to estimate an index for
obtaining a proxy value of the ability to innovate. The applied model was proposed
by YoguelG, et al. (1996). This model was described in the theoretical framework in
detail. To apply the model, it was revised and selected information obtained in the
database that was used for research. The questions used to measure the variables
of the factors that make up the index of ability to innovate, are described below and
will have the same assigned weights proposed by Yoguel G, et al. (1996).

Table 4: Weights assigned to factors that make ICI

No.

(R Question Variable

SKILLS DEVELOPMENT

Evaluatethe
importanceofgovernmental
23 andpublic factors forbusiness Training 0.25
locationin thecluster|[training
and research programs]

Do you haveanyquality
certification?

Evaluatethe
importanceofgovernmental
andpublic of factors forbusiness
locationin thecluster[Linking
with universitiesand research
centers]

7 Weightofproject leaders Development 0.07

INNOVATIVE PRODUCT 0.08
InnovationProduct/Service[Devel
28 opmentof new Productdevelop 0.027
. ment
products/services]
Innovation of product / service
28 [Amendments product design /| Modifications 0.027
existing services)|
Innovation of product / service
[Conversion technology products | ConversionTec
28 . . 0.027
/ services (versions for new hnology

platforms
KNOWLEDGE CIRCULATION 0.15

Did you do anyofthe following
activities withothers in the|ShareTraining
industry? [Sharetraining]

34 Quality 0.25

23 Bonding 0.2

37 0.15

Source: Author.
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On Table 5, it is shown how the information obtained from the database for
purposes of the investigation will be treated. It is important to mention that to
implement the proposed model and to quantify the variables to be studied, an
adjustment was made to the responses.It passed from a Likert scale to binary, as
for the calculation in this research is not relevant,the intensity of the answers, just
the affirmation or denial of these.For example in question 23 of the questionnaire it
asks: "Assess the importance of governmental and public factors for business
location in the cluster (training and research programs)".

The possible answers are:
a) Very important
b) Important
c) Unimportant
d) Nothing important
e) No answer

As mentioned, the Likert scale for purposes of this investigation is irrelevant.
Therefore all those options that represent an affirmation, in this case about the
importance of factors of governmental and public for the location of the company in
the cluster, will be taken as a positive response. So the value of 1 is assigned as
shown in Table 5 where 1 is assigned to the first three options: Very Important,
Important and Unimportant. Under the same criterion is assigned a value of zero to
the latter two options: Nothing important and unresponsive, since for purposes of
this investigation will be assumed as a denial to the question.

12
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Table 5: Questions to assess skills development
SKILLS DEVELOPMENT
TRAINING

23. Evaluate the importance of governmental and public factors for business
location in the cluster [training and research programs]

VARIABLE ANSWER WEIGHT
Veryimportant
Important
Unimportant
Nothingimportant
No answer

0.25

QUALITY

34. Do you have any quality certification?

VARIABLE RESPUESTA PONDERACION

1
0
0

LINKING
23. Evaluate the importance of governmental and public factors for business
location in the cluster [Linking with universities and research centers].

VARIABLE RESPUESTA PONDERACION

Veryimportant 1
1
1
0
0

Important
7.Weight Project leaders

yES
No
No answer

Unimportant
Nothing important
No answer

VARIABLE RESPONSE WEIGHTING
Yes 1
No 0 0.07
No answer 0

13
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Table6: Questions to evaluate innovative product

INNOVATIVE PRODUCT

PRODUCT DEVELOPMENT
28. Poduct innovation / service [Development of new products / services]|

VARIABLE RESPONSE WEIGHTING
Very important
Important
Unimportant
Nothingimportant
No answer

VARIABLE PONDERACION
Veryimportant
Important
Unimportant
Nothingimportant
No answer

TECNOLOGY CONVERSION
28. Producto innovation / service [Technology onversionof products / services

VARIABLE RESPUESTA PONDERACION
Verylmportant 1
Important 1
Unimportante 1 0.03
Nothinglmportant 0
No answer 0

Source: Author

Table 7: Questions to evaluate knowledge circulation

KNOWLEDGE CIRCULATION

SHARE TRAINING
37. Did you do anyofthe following activities withothers in the industry?
Sharetraining

VARIABLE RESPONSE WEIGHTING

Yes
No
No answer
Source: Author.

0.15

For the other two dimensions, it was used the same described criteria, in
tables 6 and 7, it is observed the details of questions, responses and weighting
assigned. With everything described in this section can be appliedwhen calculating
the Innovation Capacity Index(ICI), using the following formula:

14
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i1 fix ai

cr ===
=i fi

Where:

ICI=Innovation Capacity Index

ai = weighting assigned to each factor

fi=Factors components of the ICI

It is very important to mention that with this model, it is possible to obtain an ICI
factor and for the enterprise, which facilitates the analysis. Therefore one should
consider that:

ICITOTAL = ICIDC + ICI]NN + ICICC
Where:

[Clyora, = Total capacity innovation index

ICIpc = InnovationcapacityindexcapacityDevelopment
ICI;yy = Innovation capacity index of product innovation
ICl;¢ = Innovation capacity index of knowledge circulation

2) Econometric model

Through multi variate linear regression (MRLS) to explain the behavior of sales,
endogenous variableor dependent variable,(and shown with VTAS) based on the
total capacity index innovation through linear dependence relation:

Being u the termofdisturbance orerror.

The goal is to assign numerical values to the parametersfyf,. That is,
estimating the model so that the fitted values of the endogenous variable result as
close to the actually observed values as possible, all with the purpose of validating
the General Hypothesis raised in the investigation. A model of multiple line
arregression (MRLM) is also raised to explain the behavior of sales, endogenous
variableor dependentvariable,(and shown with VTAS) depending on the rate of
innovation capacity ofthe factors to beanalyzed (Development capacity, Product
Innovation and Knowledge Circulation) which together are equal to the total ICI.

VTAS = B! + ,82 CIDC + ﬁ3ICIINN + ﬂ4ICICC + U

1 being the term of disturbance or error.
This model is proposed in order to test the secondary hypotheses proposed
on the research.

3) FuzzyCsar

Fuzzy-Csaris an evolutionarymethodofunsupervised learning, andaims to
uncoverinformation patterns of interestthat besides arereliable.Fuzzy-Csarisable to
work withouta priori information aboutthe relationships
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betweenvariablesprocessing. Thus, the search processis not drivenbya
relationalreference structure (e.g. a model), andthis feature providesclear
benefitswhenFuzzyCaesarapplies tonew, unusual scenariosdecision, such
astheresearchtohave adatabaseof low quality (Orriolset. al, 2012). It was applied
the methodto the resultsof the composition ofICIshownin Table 8, obtaining 34rules
that wereselected accordingtotheir level of confidencefilteringrules thathaveutmost
confidence, i.e.1.0 (or 100%) discarding the rest. Thismeansthatthe rules
havegreatquality.

9. Analysis of results

In this section it is also shown and discussed the results of the research tools used
for hypothesis testing.

A. Innovativeness Index

The ICI is a value between O and 1, which can be interpreted in percentage
terms, with the main assumption that 1 would mean to meet all the factors that
theoretically enhance the innovation capacity of an enterprise; conversely O would
mean not having any element that encourages innovation capacity of the company.
In Table 8 below, the composition of the ICI sector is observed, being the average
value 0.53, indicating that companies representing the industry in this
investigation are in average levels of innovativeness.

Table 8: Composition of Innovation Capacity Index

DESARROLLO DE PRODUCTO CIRCULACION DE
COMPETENCIAS INNOVATIVO CONOCIMIENTO

VARIABLE
ICI

CAPACITACION
CALIDAD
VINCULACION
DESARROLLO
DESARROLLO DE PRODUCTOS
CONVERSION TECNOLOGICA

MODIFICACIONES

PROMEDIO | 0.61 | 0.20 | 0.52 1 0.93 ] 0.93 (0.91 | 0.89

Source: Authors.

It is shown in Table 9, thatthe factor value training in skills development is
above average, i.e. 0.61, indicating that companies in the sector have a skill level
above the average regarded as ideal, i.e. that the company gives some importance
to training, which is reflected in the ability to innovate, as this is one of the factors
with greater weight given by the authors of the model, due to its importance. Also
the value of the quality factor obtained an ICI is well below average with 0.20,
which means that only 20% of companies have a quality certification, showing the
great potential for improvement in this aspect, since the quality represents a very
important factor to compete and find a good market performance factor.
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Table 9: Results of Innovation Capacity Index
ICI ICI

ICI

DEVELOP M INNOVATIO
MENT
1 2??0068?0108 0.32 0.08 0.00 0.40
2 i;igggiggéa 0.07 0.08 0.00 0.15
3 [$10000001a | 052 | oos | oo0 | 060
4 i??oodg?olog 0.32 0.08 0.15 0.55
3 iéigggiggéa 0.52 0.08 0.15 0.75
6 ii?oodg?olog 0.52 0.08 0.00 0.60
7 245515338 0.77 0.08 0.00 0.85
8 258:888:8%& 0.07 0.08 0.15 0.30
o iégigggjggéa 0.77 0.08 0.15 1.00
(1) 24218:888:883)& 0.77 0.08 0.15 1.00
i 258:888:88561 0.77 0.08 0.15 1.00
; iégjgggjggéa 0.32 0.08 0.15 0.55
3 iéigggiggéa 0.52 0.08 0.15 0.75
tll g{;(;lgzgg 0.07 0.00 0.00 0.07
s iéjgg&ggéa 0.07 0.08 0.00 0.15
é ié:gggzggéa 0.07 0.08 0.00 0.15
; 2?60,8860,85031 0.32 0.08 0.15 0.55
; No sabe 0.52 0.08 0.15 0.75
; iéigggiggéa 0.07 0.05 0.00 0.12
o iﬁgjgggjggéa 0.52 0.08 0.15 0.75
? i?b?ggggéoa 0.52 0.08 0.00 0.60
2 i?ooggoogéoa 0.00 0.00 0.00 0.00
3 iéigggiggéa 0.52 0.08 0.15 0.75
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: 258:888:88861 0.07 0.05 0.15 0.27
g iégigggiggéa 0.52 0.08 0.15 0.75
2 3?6?886(?85081 0.77 0.08 0.15 1.00
7 iéigggiggéa 0.07 0.08 0.15 0.30
g No sabe 0.00 0.05 0.00 0.05
g ié:gggzggéa 0.52 0.08 0.00 0.60
(3) No sabe 0.07 0.08 0.00 0.15
? i??oodg?olog 0.52 0.08 0.15 0.75
g iigigggjggéa 0.07 0.08 0.00 0.15
g 2?60,88’00,85061 0.52 0.08 0.15 0.75
4 358:888:8&3& 0.52 0.08 0.15 0.75
g iéigggiggéa 0.25 0.00 0.00 0.25
2 2456513,%318 0.52 0.08 0.00 0.60
'3; i??oodg?olog 0.07 0.08 0.15 0.30
g i?bo,ggbo,g(l)oa 0.07 0.08 0.15 0.30
g ié:gggzggéa 0.52 0.08 0.00 0.60
o iéigggiggéa 0.52 0.08 0.15 0.75
: iéigggiggéa 0.57 0.08 0.00 0.65
; iibo,ggbo,géoa 0.07 0.08 0.15 0.30
g 244&5,(()180,000 0.77 0.08 0.15 1.00
: No sabe 0.52 0.08 0.00 0.60

Source: Author.

The third factor in which consist the skills development is the linking that
refers to the importance of governmental and public factors for business location in
the Cluster referring to the links with universities and research centers. The value
obtained is 0.52, indicating that more than half of the companies give importance
to the cluster as this creates ties linking the company with academia and research
centers. Finally, among the factors that make up skills development is development
that refers to the number of employees assigned to be project leaders, obtaining a
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value of 0.93 that is near perfect as almost all companies have staff trained to lead
projects.

As regards innovative products, three aspects were considered: product
development, modification and conversion technologies, evaluating three questions
to the instrument and obtaining an average value of 0.91, indicating that it is a
sector with great propensity to innovate but that is probably not reflected on its
ability to innovate by factors such as lack of quality standards or linkage with other
agents of the ecosystem. The value obtained in the circulation of knowledge factor
was 0.55, which reflects that over 50% of companies have shared some activity
where knowledge is shared, e.g. personnel training, which in the case of the sample
to which it was applied the survey at the business of the SoftwareCenter, it can
guess that this bonding most prone occurs when companies are physically located
in one place, with all this positive innovation capacity.

In Table 10, it is observed the breakdown of the resultsof both thelCltotal
andof its components andthe sales reportedby each ofthe noted surveyed
companies. Thisinformation is thestarting point forthe application and analysisof
the other twotoolsproposals.

B.Econometricmodel

Consistent withthe research questionsandhypotheses, an econometric model
ofcross-sectionalordinary least squares (OLS) was used to analyzethe incidence
ofICland its componentssales of the lastperiod, the latter as an indicator
ofcompetitiveness.In Table 10, the results of the first regression performed are
observed, considering only the total ICI.

Table 10: Results simple regression
'-.-'iew][Object] [Name][Freeze] [Estimate][Fu:urecast][Stats][Resids]

Dependent Wariable: %TAS
hethod: Least Squares
Date: 0141443 Time: 14:06
Sample: 140

Included observations: 40

“ariable Coefficient  Std. Error  t-Statistic Praob.
C 3159274 F115578 1.014025 03170
I 1015104 508583 2003312 0.0523
R-squared 0.095567  Mean dependent var 8.665750

Adjusted R-squared 0071766  5.0. dependent war 9618923
.E. of regression 9267342 Akaike info criterion 7339577

Sum squared resid 3263578  Schwarz criterion 7424021
Log likelihood -144 7915 F-statistic 4.015263
Durbin-YWatson stat 1820361  ProbiF-statistic) 0052257

Source: Authors.
The modelis simplifiedinthe following equation:
VTAS = 3.15+4+10.151CI + u

There is a positive relationshipbetweenICland totalsalesfor the period, in
Annex Awhere it is observedevidenceof validityof the model. It is also identifiedthat
19
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the modelsare not statistically significantbecause of the absenceof control
variablesare detailed, but for purposesofresearchandobjectives,it is enough to
seethe positive relationshipbetween thesevariables. So it can be deduced
thatthelCloverall is related to a positive impact onsales.In Tablell, themultiple
regression modelbetween the componentsof the totallCland sales,where a
positiverelationshipIClcapacity, circulationof knowledgeand salesis observed, buta
negative relationshipwithIClofinnovative productexplains whymostcompanies have
madea breakthrough inthe pastperiod, whichmeans they arestill ina learning
stagethathas not beencapitalizedat all,and it would be interestingto trackthis
behavior.

Table 11: Results of multiple regression

iew][OI:ujeu:t] [Name][Freeze] [Estimate][Fu:ureu:ast][Stats][Resids]

Dependent “ariable: WTAS
hethod: Least Squares
Date: 011413 Time: 14:09
Sample: 140

Included observations: 40

“ariable Coeflicient  Std. Error t-Statistic Prob.
C 3576597 51650791 0.B24373 0.4919
ICI_CAF 722074 B3Z734B 1167211 02548
[CI_COn 704 2113474 1751199 0.0834
(1IN 12657564 TRY3IFFE 0163887 0.8707
R-squared 0136928  Mean dependent var 8.668750

Adjusted R-squared 0065005 5.0 dependent var 2.610923
=.E. of regression 9301030  Akaike info criterion 7352767

Sum squared resid 3114330 Schwarz criterion 7.561655
Log likelihood -143.8553  F-statistic 1.903814
Durbin-YWatson stat 1912232 Prob(F-statistic) 0146427

Source: Authors.
A. Fuzzy Csar

As part of the proposed methodology and to test the hypotheses, a relatively new
method in this type of research is applied: soft computing, the algorithm FUZZY
CSAR, the most interesting thing about this, is the processing of data, they do not
need comply with any predetermined structure, which makes it very useful for
working database of low quality, as in the case of the database that was used in
this research, as the instrument from which the information was obtained, it was
not designed for the purposes of this investigation.

This is one of the main problems that was detected when analyzing the
econometric regressions described in the previous section, since the lack of control
variables, the models are biased and not statistically significant.

The algorithm FUZZY CSAR was processed with the data of Table 11,
obtaining rules with different levels of trust and support. There were selected 34
filtering out those that had a maximum level of confidence. To precedethe analysis
of these rules, are considered only those that include all the variables studied in
the research. Below in Table 12 are observed the rules that were selected for
analysis of the behavior of the variables.
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Table 12: Rules FUZZY CSAR

ICI CIR C
ICI_DES_CAP ON ICI_ INN Support

menos de

1 1500,000 Verysmall Tiny Tiny 0.014 1
menos de

2 1500,000 Verysmall Tiny Tiny 0.014 1
5,000,001 a

3 110,000,000 Verysmall Inmense Inmense 0.029 1
5,000,001 a

4 10,000,000 Tiny Tiny Tiny 0.023 1
5,000,001 a

S5 (10,000,000 Medium-small Inmense Inmense 0.021 1
1,000,001 a

6 15,000,000 Large Inmense Inmense 0.066 1
1,000,001 a Inmense-

7 15,000,000 Large Tiny medium 0.052 1
1,000,001 a

8 15,000,000 Tiny Tiny Large 0.005 1

Source: Authors

To evaluatethe behavior of thevariables, they were assignedlabelswith
eightdifferent fuzzyvalues {Tiny, Very Small, Small, Medium-Small, Medium-large,
large, verylarge, Immense}. It is veryimportant to mentionthat thealgorithm
considersthe behavior of thevariablesas antecedentsand consequents, which is very
interesting because itallowsanalyzingtheir behaviorfrom different
perspectives.Following is the interpretation ofthe rulestobe analyzed, considering
thosethat besides havinghighexpectationshave the greatestsupport. Itwas the
lastfilter applied tothe results, leaving onlythe4 rulesof Table 12, rules 1, 2,3and 6:

1) IHICICapacity Developmentis{VerySmall} and{ICI_CirculationKnowledgeis
{Tiny} andICI_InnovacionProductis {Tiny} ->{Annual salesareless than 500,000}
2) Ifannual sales are {less than 500,000 andICICapacity developmentis {very
small} andICI_Knowledge Circulationis {Tiny} ->andICI_InnovationProductis
{Tiny}

3)Ifannual salesare {5,000.001 to 10,000,000} and ICI_ CapacityDevelopment
is{VerySmall} and ICI Product innovation is{lmmense} ICI_ Knowledge
Circulation is{lmmense}
4)Ifannual salesare {1,000,001 to 5,000,000} andICICapacitydevelopment is
{Large} ->ICI Product innovation is{Immense}ICI_KnowledgeCirculation} is
{Immense}

These results it can be contrasted the hypotheses, since it is evident that
there is a direct and also positive relationship between the variables that make up
the ICI and total sales for the period, as it is observed that when ICI's are "Very
small "or" tiny "less sales and vice versa are recorded, so the hypotheses are tested.
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Conclusions

The existence of a positive association between the development of innovation
capacity of agents and sales reported last period (2011) of the same can be
confirmed from the panel of firms analyzed. From this, it became clear to make and
implement the proposed two methods, the econometric model and the evolutionary
algorithm. Also, it can be concluded that the sector has a Capacity Index of 0.53
which means that about half this, having a great potential to improve especially in
terms of quality and circulation of knowledge at the time when linked as it is where
they had the lowest values to apply the model to calculate the ICI values. Without
this, innovation is not given; hence its ability to innovate is low and the sector less
competitive, to have a lower market performance.

On the other handit can be concluded thatthere is a directrelationship
betweentotal ICIand its componentswith sales, which acceptsthe
hypothesesdevelopment. Therefore,it states thatthe ability to innovateis one factor
thatpositively affectsthe performanceof companies inthesoftware industry, which is
reflected inthe sector's competitiveness. In addition tothe ability to innovatein
termsof capacity, circulation of knowledge andproduct innovationpositively
affectssalesbut oftenbecauseof product innovationdoes not reflectan increasein
immediatesales duetothestage in which theproduct lifecycleis found.

It is important tocompare the obtained resultswith empiricalwork
donebefore,where itcoincideswith the incidence ofIClon competitiveness, this being
positive.This relationshipwas obtainedin samples ofcompanies from different
countriesin different situations, which gives a pattern behavior that can bethe
starting pointfor future research.Among the main findingsisthe lack ofattention
fromcompanies in the industryin quality,being oneof the most importantfactors
whenmeasuringthe ability to innovateand seekcompetitiveness.On the other handit
was identified thatthe circulation ofknowledgeis regularso to speakas thevalue
obtainedwas aroundaverage, despite being companiesthat are locatedin the same
placegeographicallywhich shouldencouragethis and notis occurring.

On the otherside, itwas evidentthat mostcompanies haveinnovatedin the last
period, which whenrelated tosaleswasa negative impact, which is explained by the
stageof the life cycleof the product andsounds logicalthat's not generatingsales
growthif it is inearly stages.This point is importantso that it canmodify orpropose
publicpolicies that encourageinnovation.The contributions of this research are
divided into two aspects: First from the perspective of the results and findings
described, it becomes evident that factors such as innovation increasingly are
gaining importance in the new global competitive scheme, which is important to
consider when raising or proposing business strategies in search of a good market
performance in the software industry.

On the other hand, the second aspect is from the perspective of academic
contribution it intends to apply new methods for the treatment of data from low
quality sources, especially when not relying on primary sources such is the case of
this research. Where sofa was used, it was computed by evolutionary computing
algorithms to assess behavior variables supported by pure statistics and obtaining
interesting results.Among the major implications, the results may be grounds for
creating or modifying public policies that encourage innovation in this type of
technology-based sectors, as well as promoting the involvement of industry,
academia and government to achieve levels best competitiveness.
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Likewisefuture researchthat can definemore specificallythe behavior
ofexternalfactors regardingthe ability to innovatein different
sectorstoestablishpatterns of behaviorare proposed.Among the mainlimitations of
thisresearch it wasaccessto informationso theyhad torely onsecondary
sourcesfroman instrument thatwas not designedfor the specific purposesof
research, which givessome uncertaintyastothe accuracyresults. Another limitation
was thetime and resourcesavailable.
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ANNEXA
VALIDITY OFECONOMETRIC MODEL

1. Testfornormality of residuals

The classical normal linear regression on the assumption that each ui, is normally
distributed with:

Media: E(u;) =0
Variance:E[u; —Ew)]* = E@w}) =o
2 o
Cov(uy, u;): E{[u, —E(u)[u; — E(uj) } = E(u,,uj) =01+
Generally, thereare not made contrastsof normality, since mostof the time
thereare availablesignificant samples. Such is the caseof this research.Therefore,

todetermine whetherthese assumptions are met, you can use any of the
followingtests.

2. JarqueBeratest

JarqueBeratestis based onthe residuals obtainedbyOLS. Through thistest for
normality, two propertiesof the distributionof residualsare determined: Skewness
and kurtosis(or shoring).Thus,to acceptthe nullhypothesis of normalityof
residuals,the probability valuemust be greaterthan 0.05.

Applying thistestto the models, it is obtained:

Table 13:Jarque-Beratestfora simpleregressionmodel

Series: Residuals
Sample 1 40
Obzervations 40

Mean 711e-16
Median S AN T
Mazimum 26 68467
Minimurm -11.29047
St Devw. Q147025
Skewness 1.405164
Hurtosis 4 SE2262

Jargue-Bera 17.23102
Probahility 0.000181

-10 ] 10
Source: Own elaboration.
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Tablel4: Jarque-Beratest for multiple regression model.

| Series: Residuals
7 Sample 1 40
Ohservations 40
g
Mean 9.77e-16
31 Meclian 1744318
haximum 26 53447
1 imimum A1 47901
5 St Dery. 3.836780
Skewness 1.518876
Kurtosis 2139720

Jargue-Bera 2301057

- Praotaability 0.000010

10 20

Source: Author

It is found that the graphic representation of residuals through its
histogrampresents a number ofobservationsin the tailsthat are not consistent
withthe low probabilitythat theseareas haveanormal distribution.Furthermore,the
coefficientofsample asymmetry(1.40 and 1.51) respectively, itisnot openedclose to
zeroasexpected,and the coefficient ofkurtosispointingorsample(4.56and 5.13)
respectively, far exceedsthe value3. Finally, statistical Jarque-Berarejects the
nullhypothesis of normality, since its value(17.23102 and23.01057)
respectively,generates aprobability of rejectingthis hypothesisbeingtruevery
smalland less than0.05.

The solution tothe lackof normalityof the disturbancesrequires astudy
ofpossible causes.In general, thisnormallycannotbe due tothe existence
ofoutliers’distributionsgeneratinglack ofasymmetry.So you canmention
thatsituations in whichthe modelspecificationis deficient, asthe omission of
relevantvariablesornonlinearity, aimingforgreaterdistributionofresiduescan be
detectedthan normalorstrong asymmetries. In these cases, the solution is to
introducedummy variablesin the model.

3. Test heteroskedasticity

The basiclinear regression modelrequires as aprimary hypothesisthat the
varianceof therandom perturbations, conditional on the values of the regressors X,
is constant. In other words, the conditional variance of Yi (which is equal to ui),
conditional onX, remains the same regardless of the values taken by the variable X.
Algebraically this is expressed as:

E(}) = 0,

There are basicallytwo methodsfor detecting thepresence
ofheteroskedasticity, graphical methodsand numericalcontrasts.Within the
numericalcontrastsamongothersParktest, Goldfeld-QuantandWhite. Whitecontrast,
despite beingsimilar to the otherevidencein its category, seems to be morerobust,
not requiring prior assumptionssuch asthenormality of residuals(Gujarati, 2003).
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4. White test
Is a general way to identify the presence of heteroskedasticity, without making
assumptions about the impact of a particular variable or on the distribution of

residues. The following assumptions are considered:

H,:0,% = o paratodo i.
Hy:nos e verifique H,

The way to make the contrast is based on the regression of least squares
errors squared, which are indicative of the variance of shocks to an independent
term, the regressors, their squares and cross products two to two (or second order).
For example, based on the following model:

Yi=Bo+ Bix1i+ Paxoy + ¢ i=1....N

The auxiliary regression for this contrast would be:

el-z = 80 + 81X1i + 62X2i + 611X1i2 + 822X2i2 + 612X1iX2i + V; i=1.... N

The following tables show the results of the White test applied to the two
models used as shown below:

Tablel5: White test for simple regression
White Heteroskedasticity Test:

F-statistic 2138192 Prob. F(2,37) 01322058
Obs*R-squared 4144158 Prob. Chi-Square(2) 01258924

Test Equation:

Dependent Variable: RESID2
Method: Least Squares

Date: 0172913 Time: 23:11
Sarmple: 140

Included observations: 40

Yariahle Coefiicient  Std. Error t-Statistic Proh.
C 117 BE71 7718444 1523067 01362
ICI -4.0583384 3267410 -1.240850 02226
IC2 0.048660  0.030041 1E19777 01138
R-squared 0.103604  Mean dependent var g1.57642

Adjusted R-squared 0.085150 5.0, dependent var 155.9254
=.E. of regression 151.8677  Akaike info criterion 1295193

Sum squared resid 58499926  Schwarz criterion 13.07865
Log likelihood -256.0356  F-statistic 2133199
Durbin-YWatson stat 1.884576  Prob(F-statistic) 0132205

Source: Own elaboration.
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Table 16: White test for multipleregression
White Heteroskedasticity Test:

F-statistic 058387 Prob. Fi534) 0.F5E933
Obs*R-squared 3533434 Prob. Chi-Square(5) 0618335

Test Equation:

Dependent YVariable: RESID~2

Method: Least Squares

Date: 01/29M13  Time: 23:13

Sample: 1 40

Included observations: 40

Caollinear test regressors dropped from specification

“ariable Coefficient  Std. Error  t-Statistic Prab.
o 47.02804 100.0404 0470021 0.6413
ICI_CAP -4.852279 4009424 -1.210218 0.2345
ICI_CAP~2 0.071131 0.050040 1.421472 01643
ICI_IMNM 1907928 7359054 -0.269263 0.7970
ICI_IMMA2 3.484959 58355858 0393520 0.6964
ICI_COM 0580427 3754279 0157268 0.8760
R-zguared 0.033336 Mean dependent var 7786538
Adjusted R-squared  -0.045732 5.0, dependent wvar 160.4533
S.E. of regression 164.0817  Akaike info criterion 13.17609
Sum squared resid 9153755  Schwarz criterion 13.42942
Log likelihood -257 5217 F-statistic 0.658887
Durbin-YWatson stat 1.767419  Prob(F-statistic) 0.656933

Source: Own elaboration

As shown in the above tables, heteroskedasticity is confirmed, to the
linearized model, through statistical F and Obs * R-square, since both statistical
null hypothesis of homoscedasticity has a p value> 0.05. In the linear and
quadratic models the probability values exceed a level of significance of 5%
therefore must assume the presence of heteroskedasticity in these models.
Therefore, it is concluded that the model is not statistically significant, and is
biased. To fix this it is necessary to include more control variables, which is not
possible in this research because the database used.
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