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ABSTRACT: Eco-innovation is an actual topic as it links two key issues, innovation and sustainability. The
environmental respect and innovation are important drivers of competitiveness. Firms are willing to know
what to do to improve their eco-innovative capacity. The objective of this paper is to empirically determine
what common characteristics have the most environmental oriented innovative firms. We analyze data retrieve
from the Spanish Technological Innovation Panel (PITEC) from 7682 Spanish firms using a two step approach.
Results show the impact of certain variables in determining the environmental orientation of companies. More
specifically, process and product orientation while innovating was reveled as crucial aspects in determining the
environmental orientation of firms. Moreover, results showed the lower relative impact of the importance of
market, institutional and technical information sources. Based on these results, we can determine which
company’s behavior has to be promoted to get companies focused on environmental aspects. Important
managerial and policy making implications are derived from the study.
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INTRODUCTION

The impact on the competitive positioning of
companies of environmental proactivity and innovation
is high and increases rapidly (Biondi et al., 2002, Esty
and Winston, 2006, Da Silva et al., 2009, Pohoryles,
2010). Those joint concepts are known as eco-
innovation and are defined as any innovation that
reduces environment’s damage, but its full
understanding is a concept still under review
(Hellstrém, 2007). Eco-innovation is a multidisciplinary
field as stated Carrillo-Hermosilla et al. (2010) who
compiled several definitions of the concept.

Regarding the eco-innovative behavior, some
authorsanalyzed how the industry’s technological level
influences the sustainable orientation when innovating
(Peiro-Signes et al., 2011), how companies with a higher
absorptive capacity or high educated human resources
availability are more aware of environment when
innovating (Chen and Huang 2009) or how environment
affects companies” marketing strategies (Gazquez-Abad
et al., 2011), albeit what to do to promote a companies’
eco-innovative behavior has not been analyzed so far.
Laws and regulations both at the national and
supranational level, are pushing firms and society and
developing this area of interest but, despite the
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popularity of the sustainability concept and
considering the importance of innovation for
competitiveness (Porter and Van der Linde, 1995), the
study of the drivers of sustainable orientation while
innovating is still poorly developed (Segarra-Ofia and
Peir6-Signes, 2013).

In this study, we analyze the aspects that drive
eco-innovative activities. We consider that there is a
need to deploy accurate environmental strategies
depending on the type of firm to use in a more efficient
way the public funds that national governments are
deploying as a key part of the sustainable development
and the economic growth strategies (Schnitzer, 1995,
Berger etal., 2001, Hellstréom 2007, Burciu etal., 2010,
Hipp and Grupp 2011).

Previous authors have studied how eco-
innovation positively affects new business” creation
Carrillo-Hermosilla et al. (2010), green companies”
characteristics (Rehfeld et al., 2007, Del Rioet al., 2010)
or how previous innovative levels positively affect
the environmental orientation of companies (Wagner
2008, De Marchi 2011, Segarra-Ofia et al. 2011, Cainelli
etal., 2011), but until date there is no study classifying
companies attending to their environmental
orientation when innovating. What type of
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characteristics they have if they are highly oriented or
not become a very important issue to better address
public policies (Sauer et al., 2012) and also internal
strategic decisions when willing to “greener”
companies and the economy (Sullivan, 2002).

To this point, in this paper we won 't establish any
hypothesis as we want to discover what are the
patterns that orientate the environmental innovation
on firms, so we will analyze innovation data in an
exploratory way with the objective to model the
environmental behavior of companies towards the
environment when deploying innovative activities.

MATERIALS& METHODS

To analyze the eco-innovative patterns of firms
we used data from 7682 companies. While the analysis
we deploy in this paper can be tested by empirical data
collected from any region of the world, our study is
based on information from Spain.

We used data from the Technological Innovation
Panel (PITEC) database, which is a statistical
instrument for studying the innovation activities of
Spanish firms over time. The database is being carried
out by the INE (The National Statistics Institute) and
counts on advice from a group of university
researchers. The variables” anonymization is necessary
in order to avoid the disclosure problem (i.e., the
possibility of identifying firms through the data). The
anonymization process applied implies to replace the
firm-level observations of some quantitative variables
and to replace the (4-digit) NACE Codes with a 44-
industry breakdown. However, none of the selected
variables in the study is affected by the anonymization
process. We present in Table 1 the main descriptive
characteristics of the sample.

PITEC survey contained several items related to
the innovative capacity and orientation of the firms.
We chose, attending to theoretical implications, 21
variables (represented in Table 2) to characterize these
firms.

Several of these items might represent identical or
similar constructs. Therefore, we used Principle
Components Analysis (exploratory factor analysis) to
develop reliable multiple-item measures for each of the
underlying theoretical constructs (Hair et al., 1998).

Three eigenvalues exceeded the generally accepted
cutoff value of 1.0 and were therefore retained in the
further data analysis. Together, the four retained factors
explained approximately 68.82% of the variance in the
data. In order to increase the interpretability, we
preformed a Varimax rotation on the identified principle
components and then we assigned them to the factor
on which they had the highest loadings. For the sake
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of clarity, rotated factor scores lower than 0.6 are not
shown ( Table 3).

We labeled each of the four factors according to
the items that loaded on them. The product orientation
while innovating is comprised of four items related to
increase or to substitute product range, to increase
product quality or to reach grater market share or new
markets. The second factor labeled as Process
orientation while innovating is comprised of five items,
all of which try to breadth of firm actions to increase
operational flexibility or production capacity or to
reduce labor costs per unit or energy consumption per
unit when they are looking for new innovations. Four
items related institutional information sources loaded
on the third factor. Similarly, we have labeled the forth
factor as the importance of the market information
sources and it measures the firm’s reliance on market
information sources for the innovation process.

We must take care to assess the inter-item reliability
ofthe items comprising each scale (Flynn et al., 1990.)
Cronbach’s a was used to assess inter-item reliability,
with a values of 0.70 or higher considered to indicate
acceptable reliability for established scales and 0.60
being acceptable for new scales (Nunnally, 1978;
Churchill, 1979). Therefore, we concluded that the scales
are comprised of reliable items. We also eliminated the
items that loaded on multiple factors. Using the above
guidelines, a total of 17 items were retained in the
analysis as measures for four company characteristics
when innovating.

To evaluate environmental orientation of the firm
while innovating, we used the variable called Objet11
in the original database that we renamed as EOWI,
Environmental orientation while innovating. It
measures how essential it is for firms to improve their
environmental impact while innovating. PITEC
database considers the importance of environmental
impact improvement by firms when innovating as
particularly important (1), important (2), not so
important (3), not considered or not important (4). In
prior studies (Segarra-Ofia and Peiro-Signes, 2013), we
realize that discriminating between these four groups
is difficult and more accurate classification can be done
considering two groups:High or medium
environmentally oriented companies and low or not
environmentally oriented. Therefore, we transformed
the original 4-state variable in a dichotomous variable
(1=oriented and O=not oriented).

Finally, we developed a discriminant model based
on the four company characteristics (independent
variables) and by assuming that the companies were
originally classified into two groups (dependent
variable). This allows us to test the effectiveness these
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Table 2. Selected variables from PITEC database

PITEC Variables Function ty pe Explanation

SO URCE; Cat. Importance of information sources while innovating]

(i=1,...,11) (internal sources, competitors, clients, universities, scientific
journals, ...)

OBJECTIVE; Cat. Importance of some objectives (increase market share,

(I=1,.,10) increase penetration, cost savings, increase of quality,

increase flexibility, increase capacity,
material savings,...) while innovating

energy savings

Categorical variables: 1=High; 2=Medium 3= Low 4=Not considered or not important.

Table 3. Factor analysis (Varimax rotated factor scores)

Factors

Factor name and items

Facl Fac2 Fac3 Fac4

Eigenvalue

Percent Variance Explained
Product Orientation (A =0.881)
Objetd

Objet3

Objetl

ObjetS

Objet2

Process Orientation (A = 0.883)
Objetd

Objetl0

Objet9

Objet?

Objet6

Institutional Information Sources (A = 0.842)
Fuente7

Fuente6

Fuente8

FuenteS

Market Information Sources (A = 0.747)
Fuente4

Fuente2

Fuente3

6.88
4045

2.13
12.53

1.69
9.95

1.00
5.89

.836
.822
.807
715
.622

815
.801
799
754
723

.881
.828
.824
.617

726
117
.650

Total % of variance explained 68,82. KMO 0,902 sig .000

characteristics in classifying firms attending to their
environmental orientation while innovating. The
discriminant analysis will check if the selected variables
can accurately predict the groups attending the
environmental orientation of the firm.

Table 4 shows the coefficients for the discriminant
function, as well as Wilk’s lambda and the mean scores
for each of the two groups (Hair et al., 1998). The
discriminant function maximizes the differences
between the values of the dependent variable, so it
differentiates a case into categories of the dependent
based on the values on the independents.

RESULTS & DISCUSSION
The discriminant function was statistically
significant (see Table 4 part A) based on Wilk’s lambda

&35

(p<0.001). The structure coefficients show the
correlations between each independent variable and
the discriminant scores associated with a given
discriminant function. They are used to describe how
closely a variable is related to each function. The
coefficient for process orientation while innovating
was the highest and substantially higher than the other
coefficients in the discriminant function. The negative
mean value for oriented companies is due to opposite
relation between categorical variables (1=high to 4=no
relevant) and dichotomous variables (1=Yes; 0=No).
Then, highly environmentally oriented firms
(EOWI_mod=1) have lower scores (negative scores)
than not oriented firms. Consequently, the higher the
Process Orientation, the lower the factor score
(negative) and, more negative the resulting
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Table 4. Standardized canonical discriminant function coefficients and groups means for firms

A. Standardized canonical discriminant function coefficients and group means
Function 1

Scale Product orientation while innovating .570

Process orientation while innovating .793

Instutitutional Information Sources .529

Market Information Sources .261

Wilks’ lambda 0.679 p<0.001
Mean scores Group 1 .630

Group 2 - 749

B.Classification results for original cases. Owerall accuracy: 75.2%
Predicted group Group 1 Group 2 Total
Actual group
Group 1 3121 (74.84%) 1049 (25.16%) 4170
Group 2 854 (24.32%) 2658 (75.68%) 3512
Total 3975 3707 7682
C.Classification results for cross-validated cases. Overall accuracy: 75.2%

Predicted group Group 1 Group 2 Total
Actual group
Group 1 3119 (74.8%) 1051 (25.2%) 4170
Group 2 854 (24.32%) 2658 (75.68%) 3512
Total 3973 3709 7682

Maximum chance criterion=54.3 %; Proportional chance criterion=50.36 %; Hair et al. Criterion= 62.9 %

discriminant function will be (as discriminant
coefficients are positive). Note that, as all coefficients
are positive, the directionality of all the independents
is equal, so, a negative value of the discriminant
function reflects a highest chance to be
environmentally oriented. Then, we can conclude that
firms that are Process and/or Product Oriented, and
that rely on Market, Institutional or Technical
information sources while innovating are more likely
to be environmentally oriented.

However, we obtained a statistically significant
function, it is also very important the performance of
the function in classifying companies into their original
groups for calibration and validation samples. We
present the classification results based on the
discriminant function in Table 4 (part B. Rows show
the classification based on the variable EOWI_mod,
while columns show the predicted group based on the
discriminant function. Correct predictions (in bold)
align in the main diagonal, while the other cells
represent the misclassified firms.

Taking into account the group sizes, 4170 not
oriented (54,3%) and 3512 oriented (45,7%), the
proportional chance criterion (50.36%) can be used to
assess the predictive accuracy of a discriminant model
(Morrison, 1969; Perreault et al., 1979; Huberty, 1984;
Hair et al., 1998). We can also compare our model with

836

the maximum chance criterion (probability of being in
the group with the largest sample size 54.3 %).
However, Hair et al. (1998) recommended that
classification accuracy should be at least 25% higher
than the proportional chance criterion for a good
discriminant model (1.25x 50.36% = 62.9%). In our case,
the classification accuracy for the estimated model was
75.2%, which is considerably higher than the suggested
threshold of Hair et al. (1998). Further, cross-validation
results (Table 4) validated the estimated discriminant
model (Hair et al., 1998).

Our model is quite proficient in classifying firms
attending to the environmental orientation, which
indicates that these variables would be particularly
useful to discriminate between high and medium
oriented and low or not oriented firms.

CONCLUSION

The aim of this paper was to empirically determine
which are the common characteristics that the most
environmental oriented innovative firms have. We
empirically test the predictive relevance and the impact
of certain characteristics in determining the
environmental orientation of companies. We collected
data from PITEC database which provided conclusions
about the characteristics that determine the
environmental orientation of the firm. More specifically,
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process and product orientation while innovating was
reveled as crucial aspects in determining the
environmental orientation of the firms. Moreover,
results showed the lower relative impact of the
importance of market, institutional and technical
information sources. Then, eco-innovative companies
are highly concern about cost reduction, about
developing new products and markets, and very
influenced by relevant information sources in their
innovation process. That is, firms that are concerned
about internal and external operational improvement
(Zhu etal. 2006, Dekker et al. 2012) and that rely on the
information from the competitors, the suppliers and the
customers are also more sensitive to introduce
environmental innovations.

Based on these results, we can determine which
company’s behavior has to be promoted to get
companies to focus on environmental aspects. The
exploratory factor analysis results, the high factor
loading and the high reliability scores for the identified
factors provide validity for the results presented earlier
in this paper and also give confidence in using these
scales in future researches for additional analysis.
Further, our study serves to model which firm’s
characteristics determine the environmental orientation
of the firm. We consider very encouraging that the
model could classify about 75.2% of the responses
correctly, highlighting its ability to differentiate extreme
orientations. This research confirms previous findings
(Segarra-Oiia et al. 2011), showing highly polarized
positions in environmental aspects.

Overall, we believe that we have managed to
address a number of relevant and important issues,
which should be of interest for future research.
However, there are a number of limitations of our study.
We have used direct relations between the constructs
and the environmental orientation in our study, while
we can expect relations between constructs or indirect
effects between constructs and environmental
orientation. Future studies should try to deep in the
analysis with other techniques such as structural
equation modeling to address properly direct and
indirect effects of each construct. Another limitation
of the study is due to the self limitations of the data.
Although results can be extrapolated due to
robustness of the statistical analysis, data only comes
from Spanish Statistics Department, replicating the
study on Europe or more countries as USA in America
or South Korea in Asia would give a wider relevance to
the results.
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