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ABSTRACT 

 

The aim of this work is to identify and analyze an index to measure innovation capacity of 

enterprises in the software industry of Jalisco, based on a survey of the companies in the 

Software Center of the State, as well as evaluating the influence that has the capacity for 

innovation on competitiveness, seeking empirical evidence to answer the question. The main 

hypothesis for this research is the ability to innovate is a factor that positively affects the 

performance of companies in the software industry, which is reflected in the competitiveness of 

sector. The methods used in this research are three: innovativeness index (ICI), Linear 

Regression Model with OLS and Soft Computing using evolutionary algorithms: FUZZY 

CESAR, the latter something very new which puts us in the forefront of knowledge in methods it 

is still. 
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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 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 Economía, 2012). 

 

The Software Industry in Mexico is 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 Jalisco 

depending 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 of 44 companies of 

the State of Jalisco as part of the Center for Software (2012) and likewise interested in evaluating 
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whether firms with greater capacity to innovate have outperformed 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 

a new 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 

Jalisco depending 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 of 44 

companies of the State of Jalisco as part of the Software Center (2012). Moreover, this research 

is interested in evaluating whether firms with greater capacity to innovate have outperformed the 

market, which is reflected in the 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 structure and require a great capacity for innovation. 

 

The software industry in Mexico and Jalisco is 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 aimed at encouraging entrepreneurship and development of existing businesses, 

the promotion of technology and infrastructure  (Secretaria de Economía, 2012). As Mochi 

(2006) argues, opportunities and challenges posed to consolidate the software industry, make 

clear the need to convene, in order to exploit the advantages offered by this sector, for insertion 

into the international economy, and development of different sectors of the national economy. 
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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 in 

niches with low value added (OECD 2006), low innovation (Rodríguez 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 innovate is 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 
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business and industry, likewise to analyze the correlation between this index with recorded sales 

on the last period applying econometrics and soft computing. This is a totally new method to 

analyze such situations. 

 

5. Research hypothesis 
 
To define the assumptions on which research will be addressed, then the variables are described. 
 
A. Definition of variables 
 
Independent variable (X0): X0 = Ability to innovate 
Dependent variable: (Y0): Y0 = Competitiveness of the software industry Jalisco. 
 
Table 1: Overview of research variables 

VARIABLES DESCRIPTION INDICATORS 

X0 Innovation capacity X1: Innovation Capacity  Index (ICI) 

Y0 Competitiveness Y1:   Sales 

Source: Own elaboration. 

 

B. General hypothesis 

 

       H0: X0           Y0 

 

H0: 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: 
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Table 2: Factors of independent variable  

VARIABLES     DESCRIPCIÓN INDICADORES DIMENSIONES 

X0 Innovation 
capacity 

X1: Innovation Capacity 
Index 

XF1: Capacity development 
XF2: Product innovation 
XF3: Knowledge circulation 

Source: Own elaboration base on Yoguel y Boscherini (1996). 

Three secondary hypotheses are also proposed: 

 

C. Secondary hypotheses 

 

                 H1:   XF1                 Y1 

      H2:   XF2                 Y1 

      H3:   XF3                 Y1 

 

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. 

 
6. Research objectives 

 
Raised in the directions described above, the objectives are described below. 
 
A. General purpose 
 
To analyze the competitiveness of the software industry Jalisco depending on the innovativeness 
of the companies that comprise it. 
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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 Jalisco during the last period for which it has been 

used secondary 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 this three 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. 
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B. Type of research 

 

Following the methodology of Hernández, Fernández & 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 (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 has 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. 



             IJMIE           Volume 5, Issue 7           ISSN: 2249-0558 
_________________________________________________________ 

 

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage as well as in Cabell’s Directories of Publishing Opportunities, U.S.A. 

International Journal of Management, IT and Engineering 
http://www.ijmra.us 

 
796 

July 
2015 

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 factors has 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 evolutionary algorithms (Fuzzy Csar) 

 

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 T that contains a set of transactions {t1, t2,. . . , Tn} where each 

transaction tk contains a set of items (which is commonly known as a set of elements), and is a 
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collection of elements {i1, i2,. . . , Im}. The overall objective is to find interesting patterns, 

associations, correlations or causal structures among sets of items. 

 

These relationships are put in terms of association rules. An association rule is an affirmation X 

→ Y, where X and Y are disjoint sets of elements. 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 Là 

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. 
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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 which the 

values of the variables in the antecedent determine the value of the variable in the consequent). 

 

Caesar Fuzzy learning scheme continues to evolve a population of highly relevant standards, 

from a population of vacuum and 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 whole party [M] with all classifiers in the population that 

match the input example with greater than 0. If [M] does not contain sufficient classifiers, 

covering the operator is activated to create new classifiers. So classifiers [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] 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: 
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1) H0: 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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Figure 1: Hyphotetical model proposal 

 

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 3 is the ability to 

innovate 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 

VARIABLES DESCRIPTI
ON 

INDICATO
RS 

DIMENSIONS OPERACIONALIz
ZATION 

 
 
 
X0 

 
 
 
Ability to 
innovate 

 
 
 
X1: 
Innovation 
Capacity 
Index (ICI) 
 
  

 
XF1: Capacity 
building 
 

Capacity 

Quality 

Linking 

Development 

XF2: Product 
innovation 
 

Product development 

Modifications 

Tecnological 
conversion 

XF3: Circulation 
of knowledge 

Sharing  
Training 

Y0 Competitiven
ess 

Y1:   Sales  Y1:   Sales Annual sales 

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. 
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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 

 

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 Yoguel G, 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). 
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Table 4: Weights assigned to factors that make ICI 

No. 

question 
Question Variable Weight 

SKILLS DEVELOPMENT 0.77 

23 

Evaluate the importance of 

governmental and public factors for 

business location in the cluster 

[training and research programs]  

Training 0.25 

34 
Do you have any quality 

certification? 
Quality 0.25 

23 

Evaluate the importance of 

governmental and public of factors 

for business location in the cluster 

[Linking with universities and 

research centers] 

Bonding 0.2 

7 Weight of project leaders Development 0.07 

INNOVATIVE PRODUCT 0.08 

28 

Innovation Product / Service 

[Development of new products / 

services]  

Product 

development 
0.027 

28 

Innovation of product / service 

[Amendments product design / 

existing services]  

Modifications 0.027 

28 

Innovation of product / service 

[Conversion technology products / 

services (versions for new 

platforms)]  

Conversion 

Technology 
0.027 
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No. 

question 
Question Variable Weight 

KNOWLEDGE CIRCULATION 0.15 

37 

Did you do any of the following 

activities with others in the 

industry? [Share training] 

 

Share Training  

 
0.15 

Source: Author. 

 

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 



             IJMIE           Volume 5, Issue 7           ISSN: 2249-0558 
_________________________________________________________ 

 

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage as well as in Cabell’s Directories of Publishing Opportunities, U.S.A. 

International Journal of Management, IT and Engineering 
http://www.ijmra.us 

 
805 

July 
2015 

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. 

 

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 

Very important 1 

0.25 

Important 1 

Unimportant 1 

Nothing important 0 

No answer 0 

QUALITY 

34. Do you have any quality certification? 

VARIABLE RESPUESTA PONDERACION 

yES 1 

0.25 No 0 

No answer 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 

Very important 1 
0.2 

Important 1 
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Unimportant 1 

Nothing important 0 

No answer 0 

7.Weight Project leaders 

VARIABLE RESPONSE WEIGHTING 

Yes 1 

0.07 No 0 

No answer 0 

 

Table 6: Questions to evaluate innovative product 

 INNOVATIVE PRODUCT 

PRODUCT DEVELOPMENT 

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

VARIABLE RESPONSE WEIGHTING 

Very important 1 

0.03 

Important 1 

Unimportant 1 

Nothing important 0 

No answer 0 

MODIFICATIONS 

28. Innovation of product / service [Modifications of product development / services already 

existing ] 

VARIABLE RESPUESTA PONDERACION 

Very important 1 

0.03 Important 1 

Unimportant 1 
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Nothing important 0 

No answer 0 

TECNOLOGY CONVERSION 

28. Producto innovation / service [Technology onversion of products / services (versions for 

new plataforms)] 

VARIABLE RESPUESTA PONDERACION 

Very Important 1 

0.03 

Important 1 

Unimportante 1 

Nothing Important 0 

No answer 0 

Source: Author 

 

Table 7: Questions to evaluate knowledge circulation 

KNOWLEDGE CIRCULATION 

SHARE TRAINING 

37. Did you do any of the following activities with others in the industry? [Share training] 

VARIABLE RESPONSE WEIGHTING 

Yes 1 

0.15 No 0 

No answer 0 

Source: Author. 

 

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 applied when calculating the Innovation Capacity Index (ICI), using the 

following formula: 
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Where: 

ICI = Innovation Capacity Index 

 

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: 

 

 

 

Where: 

 

 

Development 

 

 

 

 

2) Econometric model 

 

Through multivariate linear regression (MRLS) to explain the behavior of sales, endogenous 

variable or dependent variable, (and shown with VTAS) based on the total capacity index 

innovation through linear dependence relation: 



             IJMIE           Volume 5, Issue 7           ISSN: 2249-0558 
_________________________________________________________ 

 

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage as well as in Cabell’s Directories of Publishing Opportunities, U.S.A. 

International Journal of Management, IT and Engineering 
http://www.ijmra.us 

 
809 

July 
2015 

 

 

Being   the term of disturbance or error. 

The goal is to assign numerical values to the parameters . 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 linear regression (MRLM) is also raised to explain the behavior of sales, 

endogenous variable or dependent variable, (and shown with VTAS) depending on the rate of 

innovation capacity of the factors to be analyzed (Development capacity, Product Innovation and 

Knowledge Circulation) which together are equal to the total ICI. 

 

μ being the term of disturbance or error. 

This model is proposed in order to test the secondary hypotheses proposed on the research. 

 

3) Fuzzy Csar 

Fuzzy-Csar is an evolutionary method of unsupervised learning, and aims to uncover information 

patterns of interest that besides are reliable. Fuzzy-Csar is able to work without a priori 

information about the relationships between variables processing. Thus, the search process is not 

driven by a relational reference structure (e.g. a model), and this feature provides clear benefits 

when Fuzzy Caesar applies to new, unusual scenarios decision, such as the research to have a 

database of low quality (Orriols et. al, 2012). It was applied the method to the results of the 

composition of ICI shown in Table 8, obtaining 34 rules that were selected according to their 

level of confidence filtering rules that have utmost confidence, i.e. 1.0 (or 100% ) discarding the 

rest. This means that the rules have great quality. 

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

testing. 
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A. Innovativeness Index 

 

The ICI is a value between 0 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 0 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 

 

                         Source: Authors. 

 

It is shown in Table 9, that the 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 

I

D 

ANNUAL 

SALES 

ICI 

CAPABILI

TIES 

DEVELOP

MENT 

ICI 

PRODUCT 

INNOVATI

ON 

ICI 

KNOWLED

GE 

INNOVATIO

N 

ICI 

TOTAL 

1 
$500,001 a 

$1,000,000 
0.32 0.08 0.00 0.40 

2 
$1,000,001 a 

$5,000,000 
0.07 0.08 0.00 0.15 

3 
$10,000,001 a 

$20,000,000 
0.52 0.08 0.00 0.60 

4 
$500,001 a 

$1,000,000 
0.32 0.08 0.15 0.55 

5 
$1,000,001 a 

$5,000,000 
0.52 0.08 0.15 0.75 

6 
$500,001 a 

$1,000,000 
0.52 0.08 0.00 0.60 

7 
Menos de 

$500,000 
0.77 0.08 0.00 0.85 

8 
$10,000,001 a 

$20,000,000 
0.07 0.08 0.15 0.30 

9 
$10,000,001 a 

$20,000,000 
0.77 0.08 0.15 1.00 

10 
$20,000,001 a 

$40,000,000 
0.77 0.08 0.15 1.00 

11 $10,000,001 a 0.77 0.08 0.15 1.00 
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$20,000,000 

12 
$10,000,001 a 

$20,000,000 
0.32 0.08 0.15 0.55 

13 
$1,000,001 a 

$5,000,000 
0.52 0.08 0.15 0.75 

14 
Menos de 

$500,000 
0.07 0.00 0.00 0.07 

15 
$1,000,001 a 

$5,000,000 
0.07 0.08 0.00 0.15 

16 
$1,000,001 a 

$5,000,000 
0.07 0.08 0.00 0.15 

17 
$5,000,001 a 

$10,000,000 
0.32 0.08 0.15 0.55 

18 No sabe 0.52 0.08 0.15 0.75 

19 
$1,000,001 a 

$5,000,000 
0.07 0.05 0.00 0.12 

20 
$20,000,001 a 

$40,000,000 
0.52 0.08 0.15 0.75 

21 
$5,000,001 a 

$10,000,000 
0.52 0.08 0.00 0.60 

22 
$5,000,001 a 

$10,000,000 
0.00 0.00 0.00 0.00 

23 
$1,000,001 a 

$5,000,000 
0.52 0.08 0.15 0.75 

24 
$10,000,001 a 

$20,000,000 
0.07 0.05 0.15 0.27 

25 
$10,000,001 a 

$20,000,000 
0.52 0.08 0.15 0.75 
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26 
$5,000,001 a 

$10,000,000 
0.77 0.08 0.15 1.00 

27 
$1,000,001 a 

$5,000,000 
0.07 0.08 0.15 0.30 

28 No sabe 0.00 0.05 0.00 0.05 

29 
$1,000,001 a 

$5,000,000 
0.52 0.08 0.00 0.60 

30 No sabe 0.07 0.08 0.00 0.15 

31 
$500,001 a 

$1,000,000 
0.52 0.08 0.15 0.75 

32 
$20,000,001 a 

$40,000,000 
0.07 0.08 0.00 0.15 

33 
$5,000,001 a 

$10,000,000 
0.52 0.08 0.15 0.75 

34 
$10,000,001 a 

$20,000,000 
0.52 0.08 0.15 0.75 

35 
$1,000,001 a 

$5,000,000 
0.25 0.00 0.00 0.25 

36 
Menos de 

$500,000 
0.52 0.08 0.00 0.60 

37 
$500,001 a 

$1,000,000 
0.07 0.08 0.15 0.30 

38 
$5,000,001 a 

$10,000,000 
0.07 0.08 0.15 0.30 

39 
$1,000,001 a 

$5,000,000 
0.52 0.08 0.00 0.60 

40 
$1,000,001 a 

$5,000,000 
0.52 0.08 0.15 0.75 
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41 
$1,000,001 a 

$5,000,000 
0.57 0.08 0.00 0.65 

42 
$5,000,001 a 

$10,000,000 
0.07 0.08 0.15 0.30 

43 
Más de 

$40,000,000 
0.77 0.08 0.15 1.00 

44 No sabe 0.52 0.08 0.00 0.60 

    0.37 0.07 0.08 0.53 

          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 

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 Software Center, it can guess that this bonding most 

prone occurs when companies are physically located in one place, with all this positive 

innovation capacity. 
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In Table 10, it is observed the breakdown of the results of both the ICI total and of its 

components and the sales reported by each of the noted surveyed companies. This information is 

the starting point for the application and analysis of the other two tools proposals. 

 

B. Econometric model 

 

Consistent with the research questions and hypotheses, an econometric model of cross-sectional 

ordinary least squares (OLS) was used to analyze the incidence of ICI and its components sales 

of the last period, the latter as an indicator of competitiveness . In Table 10, the results of the first 

regression performed are observed, considering only the total ICI. 

 

Table 10: Results simple regression 

 

                          Source: Authors. 

 

The model is simplified in the following equation: 
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There is a positive relationship between ICI and total sales for the period, in Annex A where it is 

observed evidence of validity of the model. It is also identified that the models are not 

statistically significant because of the absence of control variables are detailed, but for purposes 

of research and objectives, it is enough to see the positive relationship between these variables. 

So it can be deduced that the ICI overall is related to a positive impact on sales. In Table 11, the 

multiple regression model between the components of the total ICI and sales, where a positive 

relationship ICI capacity, circulation of knowledge and sales is observed, but a negative 

relationship with ICI of innovative product explains why most companies have made a 

breakthrough in the past period, which means they are still in a learning stage that has not been 

capitalized at all, and it would be interesting to track this behavior. 

 

Table 11: Results of multiple regression 

 

Source: Authors. 
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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 precede the 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. 

 

Table 12: Rules FUZZY CSAR 

NO. SALES ICI_DES_CAP 

ICI_CIR_C

ON ICI_INN Support Trust 

1 menos de 500,000 Very small Tiny Tiny 0.014 1 

2 menos de 500,000 Very small Tiny Tiny 0.014 1 

3 

5,000,001 a 

10,000,000  Very small Inmense Inmense 0.029 1 

4 

5,000,001 a 

10,000,000  Tiny Tiny Tiny 0.023 1 
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5 

5,000,001 a 

10,000,000  Medium-small Inmense Inmense 0.021 1 

6 

1,000,001 a 

5,000,000 Large Inmense Inmense 0.066 1 

7 

1,000,001 a 

5,000,000 Large Tiny 

Inmense-

medium 0.052 1 

8 

1,000,001 a 

5,000,000 Tiny Tiny Large 0.005 1 

Source: Authors 

 

To evaluate the behavior of the variables, they were assigned labels with eight different fuzzy 

values {Tiny, Very Small, Small, Medium-Small, Medium-large, large, very large, Immense}. It 

is very important to mention that the algorithm considers the behavior of the variables as 

antecedents and consequents, which is very interesting because it allows analyzing their behavior 

from different perspectives. Following is the interpretation of the rules to be analyzed, 

considering those that besides having high expectations have the greatest support. It was the last 

filter applied to the results, leaving only the 4 rules of Table 12, rules 1, 2, 3 and 6: 

 

1) If ICI Capacity Development is {Very Small} and {ICI_Circulation Knowledge is {Tiny} 

and ICI_Innovación Product is {Tiny} -> {Annual sales are less than 500,000} 

2) If annual sales are {less than 500,000 and ICI Capacity development is {very small} and 

ICI_Knowledge Circulation is {Tiny} -> and ICI_Innovation Product is {Tiny} 

3) If annual sales are {5,000.001 to 10,000,000} and ICI_ Capacity Development is {Very 

Small} and ICI Product innovation is {Immense} ICI_ Knowledge Circulation is {Immense} 

4) If annual sales are {1,000,001 to 5,000,000} and ICI Capacity development is {Large} -> 

ICI Product innovation is {Immense} ICI_Knowledge Circulation} is {Immense} 
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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. 

 

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 hand it can be concluded that there is a direct relationship between total ICI and its 

components with sales, which accepts the hypotheses development. Therefore, it states that 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. In addition to the ability to 

innovate in terms of capacity, circulation of knowledge and product innovation positively affects 

sales but often because of product innovation does not reflect an increase in immediate sales due 

to the stage in which the product life cycle is found. 

 

It is important to compare the obtained results with empirical work done before, where it 

coincides with the incidence of ICI on competitiveness, this being positive. This relationship was 

obtained in samples of companies from different countries in different situations, which gives a 

pattern behavior that can be the starting point for future research. Among the main findings is the 
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lack of attention from companies in the industry in quality, being one of the most important 

factors when measuring the ability to innovate and seek competitiveness. On the other hand it 

was identified that the circulation of knowledge is regular so to speak as the value obtained was 

around average, despite being companies that are located in the same place geographically which 

should encourage this and not is occurring. 

 

On the other side, it was evident that most companies have innovated in the last period, which 

when related to sales was a negative impact, which is explained by the stage of the life cycle of 

the product and sounds logical that's not generating sales growth if it is in early stages. This point 

is important so that it can modify or propose public policies that encourage innovation. 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. 

 

Likewise future research that can define more specifically the behavior of external factors 

regarding the ability to innovate in different sectors to establish patterns of behavior are 

proposed. Among the main limitations of this research it was access to information so they had 
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to rely on secondary sources from an instrument that was not designed for the specific purposes 

of research, which gives some uncertainty as to the accuracy results. Another limitation was the 

time and resources available. 
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ANNEX A 

VALIDITY OF ECONOMETRIC MODEL 

1. Test for normality of residuals 

 

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

with: 

 

Media:   

Variance:  

Cov :     

Generally, there are not made contrasts of normality, since most of the time there are available 

significant samples. Such is the case of this research. Therefore, to determine whether these 

assumptions are met, you can use any of the following tests. 

2. Jarque Bera test 

Jarque Bera test is based on the residuals obtained by OLS. Through this test for normality, two 

properties of the distribution of residuals are determined: Skewness and kurtosis (or shoring). 
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Thus, to accept the null hypothesis of normality of residuals, the probability value must be 

greater than 0.05. 

Applying this test to the models, it is obtained: 

 

Table 13: Jarque-Bera test for a simple regression model 

 

  Source: Own elaboration. 

Table 14: Jarque-Bera test for multiple regression model.  

 

  Source: Author. 
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It is found that the graphic representation of residuals through its histogram presents a number of 

observations in the tails that are not consistent with the low probability that these areas have a 

normal distribution. Furthermore, the coefficient of sample asymmetry (1.40 and 1.51) 

respectively, it is not opened close to zero as expected, and the coefficient of kurtosis pointing or 

sample (4.56 and 5.13) respectively, far exceeds the value 3. Finally, statistical Jarque - Bera 

rejects the null hypothesis of normality, since its value (17.23102 and 23.01057) respectively, 

generates a probability of rejecting this hypothesis being true very small and less than 0.05. 

 

The solution to the lack of normality of the disturbances requires a study of possible causes. In 

general, this normally cannot be due to the existence of outliers’ distributions generating lack of 

asymmetry. So you can mention that situations in which the model specification is deficient, as 

the omission of relevant variables or nonlinearity, aiming for greater distribution of residues can 

be detected than normal or strong asymmetries. In these cases, the solution is to introduce 

dummy variables in the model. 

 

3. Test heteroskedasticity 
 

The basic linear regression model requires as a primary hypothesis that the variance of the 

random 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 on X, remains the same 

regardless of the values taken by the variable X. Algebraically this is expressed as: 

 

 

 

There are basically two methods for detecting the presence of heteroskedasticity, graphical 

methods and numerical contrasts. Within the numerical contrasts among others Park test, 

Goldfeld-Quant and White. White contrast, despite being similar to the other evidence in its 
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category, seems to be more robust, not requiring prior assumptions such as the normality of 

residuals (Gujarati, 2003). 

 

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: 

 

 

 

 

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: 

 

 

 

The auxiliary regression for this contrast would be: 

 

 

 

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

below: 
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Table 15: White test for simple regression 

 

  Source: Own elaboration. 

Table 16: White test for multiple regression 
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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. 

 

 

 

 

 

 

 


