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Abstract  This paper analyzes the results of a study of innovation activities in software and computing services 
companies. We propose a new model which takes into account the role played by several factors and firms’ resources in the 
development of innovative activities, exploring the relat ionships between a set of organizational, technological, financial 
and information-based resources, as well as other aspects such as cooperation with other agents and companies. 
We employ a Structural Equation Model and the PLS technique in order to validate the theoretical model proposed in this 
research. The data come from the Spanish National Statistics Institute’s Survey on Firms’ Technological Innovation, and 
the sample is composed by 823 observations referred to firms in the sector of software and computer services. 
The main  results show that human resources (R&D and h igher education personnel) is the most important factor that 
positively affects R+D activ ities, followed by financial resources (R&D expenses) and contingent factors (firm’s size and 
type of market). At the same t ime R&D act ivities, info rmation management and technological resources have a positive 
effect on product and process innovation. Finally, R+D act ivities, innovation results and information management have a 
positive influence on business results. 

Keywords  Innovation Activities, Innovation in Services, Software , Computer Services, R&D Investment, R&D 
Personnel, PLS, St ructural Equation Model (SEM) 

 

1. Theoretical Background 
Most studies on innovation activities have focused on 

industrial companies, with special attention to sectors 
intensive in R&D –especially pharmaceutical, chemistry, 
electronics, aerospace and automotive industries-. In this 
context, innovation in services had been limited  to the use 
and dissemination of new technologies in these activities.  

However, given the growing importance of services 
sector in the economy of most developed countries, in 
recent years some authors have tried to study the particular 
characteristics of innovation in services ([1],[2],[3],[4]).  

The main  results of these studies have revealed some 
interesting findings on innovation in business services 
activities[4]: first, systematic and formalized innovation is 
quite exceptional in  this kind  of companies; second, 
innovation is in most cases an interactive process that takes 
place through contacts and exchanges of information with 
clients and with suppliers; third, the most common type of 
innovation is small incremental innovation; and finally, due 
to all these characterist ics it is  very d ifficu lt to  quan t ify
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innovation in services sector.  
On the other hand, we must bear in mind that R&D activi

ties have a major role in some service sectors such as 
telecommunications, informat ion technology or business 
services, and companies of these sectors are alsocharacteriz
ed by having an important proportion of highly qualified 
employees. Moreover, in many service activ ities such as 
consultancy or engineering we have to take into account the 
important role played by knowledge codification and 
systematizat ion of its procedures, in order to improve 
customers’ service. 

Reference[4] distinguishes several patterns of innovation 
in service companies:  a  first pattern of innovation that 
occurs by way of incorporating new technologies, above all 
informat ion and telecommunications technologies, which 
play a major ro le in financial services, telecommunicat ions, 
and computer activit ies; a second type of innovation 
produced by interaction between suppliers and customers, at 
the time the service is produced, due to the simultaneous 
space-time between production and consumption that 
characterize a good part of the services. 

This paper focus on the study of innovation activities in  
software and computing services companies, analyzing the 
role o f several factors and firms’ resources in the developm
ent of innovative activit ies, exp loring the relat ionships 
between a set of organizational, technological, financial and 
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informat ion-based resources, as well as other aspects such 
as cooperation with other agents and companies. We aim to 
achieve a greater understanding of the relationships 
between these factors and what may be the most critical 
factors and resources to develop continuous and successful 
innovation activities within companies of these service 
sectors. 

2. Empirical Evidence 
The justification for the different variab les included in 

our model and their relat ionships are exp lained in the 
following paragraphs, taking into account the empirical 
evidence from other authors and previous studies. 
Contingent factors: Type of market and company’s size 

The relationship between firm’s size and  innovation has 
been studied by many researchers ([5],[6],[7],[8],[9],[10], 
among others), without having achieved a consensus. 

Thus, on one side a large g roup of authors note that 
firm’s size positively affects its innovativebehavior 
([8],[11]). In contrast, other authors such as[7] or[12] 
support the existence of a negative relat ionship between 
size and innovation. It is argued that small firms  detect 
discontinuous opportunities and transform them into new 
products and processes[13], and on the contrary, large firms 
have more economical and organizat ional resources 
facilitating innovations[14]. In this work we suggest that 
there is a  positive relationship between size  and R&D 
activities. 

Another contingent factor that has an important effect on 
firm innovativeness is the type of market. In fact, market 
competition incentives productivity[15] and fosters product 
innovations. Reference[16] stated that insulation from 
competitive pressure originates bureaucratic inefficiency 
that inhibits innovation.  

The growth of demand is another environmental factor 
affecting the firm innovativeness. In fact, some authors such 
as[17] found that growth of demand encourages both 
product and process innovations. 
Human resources 

Many authors, such as[18], stated that human 
andorganizational resources directly affect firms’ ab ility to 
innovate. Reference[11] studied the role of other 
organizational issues, such as centralizat ion, specializat ion, 
formalizat ion, while others authors focused on the 
development of human resources and its impact on firm’s 
innovativeness. 

In our proposed model we also try to specifically analyze 
the role of human resources. For doing so we consider two 
variables: number of personnel engaged in R&D activ ities, 
and percentage of employees with higher education. 
Financial resources 

One of the most common ind icators used to evaluate the 
commitment of an organizat ion with the R&D is the level of 
expenditure dedicated to this activity ([19],[20],[21] and 
many others). 

Given this background, the proposed model also includes 

the role of financial resources to support R&D in the 
company. 
Cooperation with other agents 

Since innovation is essentially conceived as an interactive 
learning process, many authors like Reference[22] argue that 
collaborative activ ities between different agents of a 
National Innovation System have a great importance to 
achieve economies of scale, avoiding duplication of effo rts 
and promoting the dissemination of the results of innovation.  

Other studies have shown that cooperation in R&D 
usually bring significant benefits to companies ([22], 
[23],[24]). 

More recently, the open innovation approach stresses that 
firms have changed from the close-innovation process to a 
more open innovation process, in which the knowledge and 
technology flows are twofold : inside-out and outside-in[25]. 
According to[26], the open innovation is the combination of 
internal and external ideas and technologies in order to 
achieve new products, processes and technologies and 
reduce time to market. 

Therefore, taking into account the theoretical framework 
and the previous references, in our work we also consider the 
importance of cooperation between the company and other 
actors in exp lain ing its ability to develop R&D.  
Technological and organizational resources 

Following the init ial approach of[18] and other authors 
such as[27], and taking into account the methodology 
proposed by the Oslo Manual, we also include in  our model 
three variables related to technological and organizat ional 
resources available at the company, as key factors in 
explaining its innovative capacity: the acquisition of new 
technological equipment to support innovation, and the 
production and marketing preparat ions for innovation. 
Information and knowledge management 

In a global, complex and very dynamic economy, 
companies must pay much more attention to a growing 
number of in formation sources in other to be prepared for 
changing conditions in markets, launch of new products and 
technologies and an increasing competence all over the 
world. 

Reference[28] suggests that innovation should be seen as 
an interactive process in which a company acquires knowle
dge through its own experience in the design, development, 
production and market ing of new products, constantly 
learning from its relationships with various external sources: 
customers, suppliers and other organizations such as 
universities, technological institutes, consultants, etc. 

Other authors such as[6] include in their analysis the role 
played by information management to carry out innovations, 
distinguishing between internal and external sources 
(customers, suppliers, scientific and technological studies, 
market surveys, etc.). 

Considering all these previous references and theoretical 
background, we introduce in our model the role of 
informat ion management as an element that could be of 
particular importance in  the innovative behavior of the 
company. This is done using four variables related to the use 
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of different sources of information: internal sources, sources 
related to the market, institutional sources (Universities, etc.), 
and other sources of informat ion. 
R&D activities 

Given the framework of the Frascati Manual and the Oslo 
Manual, R&D act ivities are included within the list of 
activities that are necessary for technological innovation. 

Moreover, the interactive model proposed by[31] 
considers R&D activ ities as a tool that can be used to solve 
problems occurring during the processes of innovation, 
being able to enter the process at any phase. 

Therefore, our model includes the role played by R&D 
activities as a key factor that can contribute positively to the 
success in obtaining innovation, but R&D is not a 
requirement or prerequisite for success in innovation process, 
as it was suggested in the linear model of innovation. In our 
work we also analyze the direct impact R&D activit ies can 
have in business results, as these activities could contribute 
to the achievement of radical innovations that provide 
greater competit ive advantage ([9],[32],[33],[34],[35],[36]). 

The construct included in our model to take into account 
the role of R&D is defined by two variables: internal R&D 
and external R&D. Some empirical evidence found that 
internal R&D produces better results than external R&D. For 
example, reference[37] found that internal R&D had positive 
effects on incremental innovations (utility models), while 
external R&D had positive effects on both incremental and 
radical innovations (patents). Reference[38] observed 
positive effects of external and internal R&D on new product 
development, although, the effects were higher for the 
internal R&D. 
Innovations results 

Our model includes a construct devoted to innovations 
results, distinguishing between product and process innovati
ons. This element depends not only on the R&D activities 
carried out by the company, but also on other factors related 
to the technological and organizational resources of the 
company or the information management. 

Furthermore, in accordance with the contributions of maj
or authors who have analyzed the processes of innovation, it 
is considered that these innovations have a positive impact 
on business performance ([6],[9],[30],[39],[40],[41],[42], 
[43],[44]). 
Business Performance 

Some studies have measured the effect of R&D and 
innovation on business performance measured as a Likert 
scale of global firm performance[45], some others as firm’s 
ROA, others as the sales obtained by new products[46], or as 
the patents obtained by the company ([19],[47],[32],[33]). 

In the model proposed in our article business performance 
is determined using five indicators: share of sales obtained 
by new products, patents granted to the company, positive 
effects on products, positive effects on processes and other 
positive effects on the company. 

3. Description of the Proposed Model 
The model we propose in this study defines four 

constructs –latent variables build up from observed 
variables– affect ing R&D act ivities: contingent factors, 
obtained from the observed variables type of market (MDO2) 
and firm’s size (TAMANO2);  human  resources, achieved 
using two variables: R&D personnel (PIDT2) and higher 
education personnel (REMUSUP2); financial resources, 
approached by R&D expenses (GTID2); and cooperation, 
with one variab le to study cooperation with other companies 
(COOPERA). 

“R&D activit ies” construct is attained using two variables: 
internal R&D (IDINTERN) and external R&D act ivities 
(IDEX). They affect innovation results as good as firm’s 
performance. 

“Innovation results” is another latent variable obtained 
from two experiential variab les: p roduct innovation (INNP
ROD) and process innovation (INNPROC2). It depends on 
four constructs: contingent factors, R&D act ivit ies,informat
ion management and technological and organizat ional 
resources. This last latent variable, technological and 
organizational resources, is built up using three observed 
variables: acquisition of technology and new equipment 
(GMAQUI3), production preparations for innovation 
(GPREP3) and marketing  preparations for innovation 
(GMARKET3). 

“Information management” is a new latent variable 
achieved from four variables that represent four different 
sources of informat ion: internal sources (FUENTES_1), 
sources related to the market (FUENTES_M), institutional 
sources (FUENTES_I) and other sources of information 
(FUENTES_O). 

Finally, firms’ performance is the last construct, defined 
as a latent variable obtained from five observed variables: 
income obtained from new products (NEW EMP2), patents 
granted to the company (PAT2), effects on products 
(EFECTO_PROD), effects on processes (EFECTO_PROC) 
and other positive effects (EFECTO_OTRO). We assume 
that firm’s performance can be explained by R&D activ ities, 
innovation results and informat ion management constructs. 

The most distinguishing feature of the model is versatility, 
breaking the linear structure estimation of the relationship 
between R&D, innovation and business performance. In our 
model there is a more flexib le design, as is represented in the 
following two figures: 

 
Figure 1.  Model proposed by the authors – part I 

Contigent factors
- Type of market

- Company size (number of 
employees)

R&D activities
- Internal R&D

- External R&DZ

Cooperation
- Cooperation with other
companies

Human 
Resources
- R&D personnel

- Higher education
personnel

Financial
Resources
- R&D expenses



52 Álvaro Gómez Vieites et al.:  A Study of Innovation Activities in  
Software and Computer Services Companies 

 
Figure 2.  Model proposed by the authors – part IIi 

The main hypotheses that support the proposed model are 
the following: 
●H1: Contingent factors (type of market and size) affect 

positively to R&D activ ities. 
●H2: Human resources influence positively R&D 

activities. 
●H3: Financial resources directed to R&D activ ities have 

a positive effect on R&D act ivities. 
●H4: Cooperation with other agents generates a positive 

effect on R&D activit ies. 
●H5: Contingent factors (type of market and size) affect 

positively to innovation results. 
●H6: Technological and organizational resources 

positively affect to innovation results. 
●H7: External or internal R&D activ ities have a positive 

effect on innovation results. 
●H8: Information management has a positive effect on 

innovation results. 
●H9: External or internal R&D activ ities have a positive 

effect on firm's performance. 
●H10: Informat ion management has a positive effect on 

firm’s perfo rmance. 
●H11: Innovation results have a positive effect on firm’s 

performance. 

4. Data and Methodological Aspects 
The sample used in our study to test and validate our 

model was taken from the Technological Innovation Panel 
(PITEC), a statistical instrument for studying the innovation 
activities of Spanish firms over time. The data base is being 
carried out by the INE (The Nat ional Statistics Institute), and 
it is obtained from the Spanish National Survey on Firm’s 
Technological Innovation. Begun in  2004, the final aim of 
this project is to improve the statistical information availab le 
on firms’ innovation activities, and the conditions for 
scientific research on said topic. 

In our study we used data from the year 2007 survey, with 
a total number of 823 valid samples from companies in the 

software and computer services sectors (taking into account 
the whole data o f companies included in the year 2007 
Spanish National Survey on Firm’s Technological 
Innovation, we filtered all the valid data from companies in 
the software and computer services sectors, according to 
their SIC code). 

The following table presents the distribution of the sample 
by firm’s size: 

Table 1.  Distribution of the sample by size 

Size (nº employees) Number % 
1- Less than 500 employees 789 95.87% 
2- Between 500 and 1.000 10 1.22% 

3- Between 1.000 and 5.000 19 2.31% 
4- More than 5.000 5 0.61% 

The proposed model establishes mult iple relationships 
between endogenous and exogenous variables taking into 
account, at the same t ime, that there are several interactions 
between dependent and independent variables. Therefore, 
the analysis technique is Structural Equations Model[48]. 

In a Structural Equations Model (SEM) we combine a 
predictive approach, typical of classic econometric 
techniques, with a psychometric methodology, applying 
factorial analysis to obtain latent variables (non observed 
variables named constructs) from observed ones. Therefore, 
in a SEM we consider two types of models: 

1.A model o f measure applying factorial analysis. With 
this model we can  observe the consistency and strength of 
theoretical constructs. Those constructs can be composed by 
reflective or format ive indicators. In our model all of them, 
with the exception of R&D activ ities, are generated from 
formative variables. 

2.A structural model to analyze the causality interactions 
between independent constructs (exogenous) and dependent 
ones (endogenous).  

Moreover, since the theoretical model proposed is 
exploratory and we essentially use Boolean and categorical 
variables without any previous assumption about data 
distribution, we apply Part ial Least Squares (PLS) technique. 

PLS is considered as a second generation mult ivariate 
analysis method especially recommended for research in 
business administration area, since it  is usual in  this field to 
find one or more of the next  conditions: theory is not well 
built; the measures are not fully developed; data do not have 
normal d istributions (sometimes the distribution is even 
unknown) or several variables are ord inal, categorical or 
dummies (this is our case). 

In PLS reflective indicators are determined by the 
construct and they covariate. That is why we should employ 
factorial loads to evaluate those constructs. On the contrary, 
constructs based on formative indicators are a function of 
those items, and they do not need to be correlated. Latent 
variables with format ive indicators have to be analyzed  using 
their weights.  

Therefore, if we want to evaluate a PLS model we should 
follow two stages: 

1.Study of validity and reliability of the model of measure: 

Contigent factors
- Type of market

- Company size (number 
of employees)

Innovation results
- Product innovation

- Process innovation

Information
Management
- Internal sources

- Sources related
to the market

- Institutional
sources

- Other sources of
information

R&D activities
- Internal R&D

- External R&DZ

Firm’s performance
- Income from new products

- Patents registered

- Effects on products

- Effects on processes

- Other efects

Technological and
organizational resources
- Acquisition of technology and new
equipment

- Production preparations for innovation

- Marketing preparations for innovation
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in this first stage it is necessary to analyze if theoretical 
concepts (approached by constructs) are correctly measured 
by observed variables. 

2.Evaluation of structural model. In this second stage we 
study the relationships between constructs. So, we should 
focus on the following questions: estimate the share of 
endogenous variables’ variance exp lained by exogenous 
constructs, and evaluate the influence of independent 
variables in dependent variables’ variance. 

5. Empirical Outcome of the Study 
As we have said, we employ PLS technique to estimate the 

proposed Structural Equations Model.First, we present 
regression weights and factorial loads for different constructs, 
since in order to evaluate the model we need to employ loads 
for reflect ive indicators and weights for formative variables: 

Table 2.  Construct’s weights and factorial loads 

Construct Type of 
construct Variable Weight Load 

Cont. Fact. Independ.  Inward  
  MDO2 0,5772 0,6922 
  TAMANO2 0,7308 0,8216 

Human Res. Independ.  inward  
  PIDT2 0,9953 0,9797 
  REMUSUP2 0,2011 0,1241 

Tech. Res. Independ.  inward  
  GPREP3 0,2189 0,3094 
  GMARKET3 0,9467 0,9437 
  GMAQUI3 -0,2766 -0,1405 

Inf. Mgmt. Independ.  inward  
  FUENTES_M 0,0577 0,1829 
  FUENTES_O 0,1482 0,2553 
  FUENTES_1 0,9473 0,9709 
  FUENTES_I 0,1373 0,2328 

Fin. Res. Independ.  outward  
  GTID2 1,0000 1,0000 

Cooperat. Independ.  outward  
  COOPERA 1,0000 1,0000 

R&D Dependent  inward  
  IDEX 0,2177 0,5314 

  IDINTERN 0,9033 0,9789 

Innovation Dependent  inward  
  INNPROD 0,9362 0,9686 
  INNPROC2 0,2508 0,3716 

Firm's perf. Dependent  inward  
  NEWEMP2 0,5212 0,5283 
  PAT2 0,4831 0,6073 

  EFECTO_PR
OD 0,5716 0,7056 

  EFECTO_PR
OC 0,0587 0,2042 

  EFECTO_OT
RO 0,0703 0,2277 

Regression coefficients (path values) between exogenous 

constructs (independents) and endogenous ones (dependent) 
are included in the following table: 

Table 3.  Path values 
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   0,09
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0,3
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Validation of the model of measure 
In order to evaluate the consistency of the model of 

measure we propose the following tests: 
a) Reflective indicators 
1.Liability of each item evaluating its factorial load. In the 

PLS technique researchers use the criterion that loads should 
be bigger than 0.707. In  our case financial resources and 
cooperation variables satisfy this criterion, since in  both 
cases the load is equal to 1. 

2. Composite reliability. It is use to test internal 
consistency. The criterion implies that the expression:  

 
should be bigger than 0.7, where λi is the standardized load 

of i indicator and εi is measurement error. In our case the 
value obtained for every reflective indicator is equal to 1. 

1. Convergent validity. In this case we use average 
variance extracted (AVE) proposed by[49], and according to 
these authors the value of the expression: 

 
should be bigger than 0.5, since more of 50% of construct 

variance should be explained by its variables. In our study 
both reflective indicators fulfill this criterion. 
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Table 4.  Discriminate analysis and correlation matrix 

Correlation Cont. Fact. Human Res. Tech. Res. Inf. Mgmt Fin. Res. Coop. R&D Innov F. P. 
Cont. Fact. 1,00         

Human Res. -0,12 1,00        
Tech. Res. -0,01 -0,03 1,00       
Inf. Mgmt. 0,07 0,08 0,09 1,00      
Fin. Res. 0,03 -0,01 0,07 0,09 1,00     

Cooperation 0,04 0,03 0,01 0,09 0,02 1,00    
R&D 0,14 0,18 0,10 0,46 0,15 0,13 1,00   

Innovation 0,15 0,04 0,17 0,38 0,11 0,12 0,43 1,00  
Firm's performance 0,16 0,02 0,00 0,28 0,02 0,06 0,32 0,42 1,00 

Table 5.  Cross-loading table 

 Cont. 
Fact. Hum. Res. Tech. Res. Inf. Mgm. Fin. Res. Coop. R&D Inn. F. P. 

MDO2 0,69 -0,04 0,01 0,05 0,00 0,06 0,10 0,10 0,12 
TAMANO2 0,82 -0,13 -0,01 0,06 0,04 0,07 0,11 0,13 0,12 

PIDT2 -0,14 0,98 -0,03 0,09 -0,02 0,09 0,18 0,04 0,03 
REMUSUP2 0,09 0,12 0,00 -0,05 0,03 0,01 0,02 0,00 -0,05 

GPREP3 0,06 0,00 0,31 0,06 0,00 0,03 0,04 0,05 -0,01 
GMARKET3 0,00 -0,04 0,94 0,09 0,09 0,08 0,08 0,16 0,00 

GMAQUI3 0,05 -0,02 -0,14 0,03 0,06 0,06 -0,05 -0,02 0,00 

FUENTES_M 0,01 0,06 -0,01 0,18 0,04 0,04 0,06 0,04 0,09 
FUENTES_O -0,01 0,03 -0,02 0,26 -0,01 0,04 0,10 0,07 0,11 
FUENTES_1 0,08 0,07 0,10 0,97 0,09 0,40 0,45 0,38 0,26 

FUENTES_I -0,05 0,09 -0,02 0,23 0,01 0,06 0,11 0,06 0,10 

GTID2 0,03 -0,01 0,07 0,09 1,00 0,07 0,15 0,11 0,02 

COOPERA 0,08 0,10 0,06 0,40 0,07 1,00 0,51 0,50 0,28 

IDEX 0,06 0,07 0,00 0,27 0,25 0,21 0,53 0,20 0,15 

IDINTERN 0,14 0,19 0,11 0,44 0,11 0,52 0,98 0,42 0,32 

INNPROD 0,13 0,05 0,16 0,37 0,10 0,51 0,42 0,97 0,41 

INNPROC2 0,11 -0,01 0,07 0,11 0,07 0,08 0,13 0,37 0,18 

NEWEMP2 0,05 0,02 -0,01 0,08 0,03 0,15 0,12 0,27 0,53 
PAT2 0,13 0,07 -0,04 0,17 0,00 0,20 0,24 0,24 0,61 

EF_PROD 0,13 -0,03 0,05 0,26 -0,01 0,17 0,24 0,28 0,71 

EF_PROC -0,03 0,03 -0,03 0,12 0,11 0,05 0,05 0,07 0,20 
EF_OTR -0,02 -0,03 -0,01 0,11 0,09 0,05 0,09 0,08 0,23 

 

b) Formative indicators 
1. Multico lineality. First we should avoid a 

multicolineality problem. Therefore we calculate an  Inflation 
Variance Factor (FIV) demanding a value smaller than 5 for 
all ind icators. The results obtained in our study satisfied this 
criterion. 

2. Discriminate valid ity. To test differences between 
constructs we employ two criteria: First we test that AVE 
should be bigger than any other correlation between 
variables[49]. For doing so, we substitute the diagonal of 
correlation matrix for the root square of AVE, and the 

diagonal should be bigger than any other cell in the same row 
or column. All the variables satisfy this first criterion, as we 
can see in the following table: 

In the second criterion to test discriminate analysis we 
analyze if a construct shares more variance with its own 
indicators rather than with other variables, using the 
cross-loading table, where the diagonal also should be bigger 
than any other cell in the same row or column: 

According to this second criterion we can observe that 
several variables, REMUSUP2 (percentage of higher 
education employees), GMAQUI3 (acquisition of 
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technology and new equipment), FUENTES_M (market 
sources of information related to the market), FUENTES_O 
(other sources of information), FUENTES_I (institutional 
sources of information), INNPROC2 (process innovation), 
EFECTO_PROC (effects on processes) and EFECTO_OTR 
(other positive effects) present problems with the 
discriminate analysis. 
Validation of the structural model  

To analyze and validate the structural model we have to 
test the two following criteria: 

1. The share of the variance of each dependent construct 
explained by independent variables (R2) should have a value 
bigger than 0.1, criterion that is satisfied by all the dependent 
constructs (R&D construct has a value of 0.095, that we 
could consider valid for this criterion), as it is shown in the 
following table: 

Table 6.  Variance of each dependent construct explained by independent 
variables 

Constructs R2 

R&D 0,095 

Innovation 0,245 

Firm's performance 0,212 

Table 7.  Independent variables contribution to dependent variables 
explained variance 

Construct "R&D" 

Constructs Path Correlation % explained 
variance 

Cont. Fact. 0,150 0,136 0,020 

Human Res. 0,200 0,183 0,037 

Fin. Res. 0,149 0,153 0,023 

Cooperation 0,114 0,128 0,015 

  R2 0,094 

    

Construct "Innovation" 

Constructs Path Correlation % explained 
variance 

Cont. Fact. 0,092 0,148 0,014 

Tech. Res. 0,119 0,167 0,020 

Inf. Mgmt. 0,221 0,376 0,083 

R&D 0,301 0,426 0,128 

  R2 0,245 

    

Construct "Firm's performance" 

Constructs Path Correlation % explained 
variance 

R&D 0,140 0,324 0,045 

Inf. Mgmt. 0,097 0,284 0,028 

Innovation 0,328 0,424 0,139 

  R2 0,212 

1. Independent variables’ contribution to explained 
variance of dependent variables should be significant, and 
for the study of this feature reference[50] proposed the 
following criterion: they suggested an empirical ru le where 
predictor variab le should explain at least 1.5% of the 
variance. According to  this criterion  we can observe that all 
the independent variables satisfy this feature: 

Taking into account these results, we can observe that the 
most in fluent variable in R&D activit ies construct is human 
resources (exp lain ing 3.7% of variance), fo llowed by 
financial resources (2.3%) and contingent factors (2.0%); in 
innovation results construct the most relevant factor is R&D 
activities (exp laining 12.8% of variance), information 
management (8.3%) and technological resources (2.0%); and 
for firm’s performance construct the most important variable 
is innovation results (with a 13.9% of variance), followed by 
R&D activ ities (4.5%) and informat ion management (2.8%). 

Consequently, we can  now examine the hypotheses we 
formulated and check them. Using the non-parametric 
technique Bootstrap we can estimate the accuracy of 
predictions[51], obtaining the following results: 
●H1: Contingent factors (type of market and size) affect 

positively to R&D activ ities: Accepted, p<0.001. 
●H2: Human resources influence positively R&D activiti

es: Accepted, p<0.001. 
●H3: Financial resources directed to R&D activ ities have 

a positive effect on R&D act ivities  : Accepted, p<0.001. 
●H4: Cooperation with other agents generates a positive 

effect on R&D activit ies: Accepted, p<0.01. 
●H5: Contingent factors (type of market and size) affect 

positively to innovation results: Accepted, p<0.01. 
●H6: Technological and organizational resources 

positively affect to innovation results: Accepted, p<0.001. 
●H7: External or internal R&D activ ities have a positive 

effect on innovation results: Accepted, p<0.001. 
●H8: Information management has a positive effect on 

innovation results Accepted, p<0.001. 
●H9: External or internal R&D activ ities have a positive 

effect on firm's performance: Accepted, p<0.001. 
●H10: Informat ion management has a positive effect on 

firm’s perfo rmance: Accepted, p<0.05. 
●H11: Innovation results have a positive effect on firm’s 

performance: Accepted, p<0.001. 
Therefore, the main results of our study are included in the 

next graph: 

 
Figure 3.  Main results of the study – Part I 
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Figure 4.  Main results of the study – Part II 

6. Conclusions 
In this article we have proposed a model to analyze 

innovative behavior and the role of several factors that can 
have an influence on firms’ innovativeness in software and 
computer services companies. Its main characteristics is 
versatility, since it is possible to model flexible relat ionships 
between different elements affect ing R&D, innovation 
results and its effects on business performance, applying 
Structural Equations Models and PLS techniques. 

By means of a Structural Equations Model it is possible to 
combine predictive techniques of classical econometric 
multip le regression (examining  dependence relat ionships 
between variables) with the psychometric approach, based 
on the measurement of latent variab les (not directly observed) 
through multip le variab les observed (indicators), using a 
factor analysis technique in this second case. At the same 
time, PLS is considered as a second generation multivariate 
analysis technique, which is particularly appropriate for 
research projects in the field o f business administration. 

When it is applied to  software and computing services 
companies, our model exp lains how several factors (human 
resources, financial resources, contingent factors and 
cooperation with other firms) affect the development of 
R&D activit ies; how those R&D activ ities, information 
management and technological resources influence 
innovation results (both product and process innovation); 
and the way R&D activit ies together with innovation results 
and information management can help to improve business 
performance. 

The results confirm the validity of our theoretical proposal, 
both the model of measure and structural model. We have 
reached satisfactory outcomes, fulfilling PLS requirements, 
using a sample of 823companies in the sector of software and 
computer services. 

In the same way, when we evaluate R&D activit ies in  
these companies we have been able to reveal that the most 
important factoris human resources, both R&D personnel 

and higher education personnel, followed by financial 
resources (R&D expenses). This result confirms the growing 
importance of highly qualified employees in companies of 
this sector. 

In other words, R&D in Spain, or more exactly its low 
level, is not only an economic prob lem but the small number 
of people dedicated to this activity in our firms. This is 
probably the consequence of the lack of an entrepreneurial 
research culture. 

In reference to firms’ innovation (product and process), 
we have proved that R&D act ivit ies, information 
management (and above all, internal in formation) and 
technological resources are the most relevant factors. 

Finally, we have shown that R&D activit ies, innovation 
results and information management have a very positive 
contribution to firm’s economic performance. 

We can conclude that Spanish companies of these service 
sectors (software and computer services) have to concentrate 
their efforts on human resources management, R&D 
expenses, technology acquisition and information 
management in order to improve their innovativeness and, as 
a direct consequence of this, their business performance. 

So, if we sum up a lack of entrepreneurial innovation 
culture in Spanish companies and the relevance of R&D in 
firm’s economic results we can conclude that it  is 
compulsory a new way to focus industrial policy in our 
country and in every sector of our economy, oriented to beat 
this deficient interest in technological developments and 
concentrate the efforts in  R&D and innovation, and to 
increase the number of highly qualified employees and R&D 
personnel in our companies, not only in the software and 
computer services, but also in the main sectors of our 
economy. 
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iThe model had to be split into two figures due to the lack of space in the paper to include only one figure with all the elements proposed in the model. 
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