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Abstract

Innovation and environmental awareness are crucial issues that actually build a firm’s competitive
advantages. In terms of manufacturing industries, several studies have been carried out to disentangle the vari-
ables that help companies to orientate more effectively their innovations toward sustainability. In comparison,
although the service industry is increasing its economic weight, little research has been carried out in this
domain. In the present paper, we analyze the differences of eco-innovative behavior between Service and
Manufacturing industries. We retrieved 6,253 firms’ data from the Spanish panel of innovative activities
(PITEC database) and deployed a structured equations model (EQS) for each group to compare what variables
are influencing the willingness to be eco-innovative for each type of industry. Results show the differences in
impact that product orientation has on eco-orientation. The relationship between product-orientation and eco-
orientation in service firms is significantly different to that in manufacturing firms. In fact, product-orientation
impact is lower in service firms. Thus, while manufacturing firms show a similar impact of product and
process orientation on eco-orientation, process-orientation in service firms almost doubled the relative impact
of product-orientation on eco-innovation. These results may allow both policy makers and managers to make
the correct decisions regarding national, industrial and company strategy.

Keywords: environmental innovation, manufacturing and service industry, product innovation, process
innovation

Introduction

Any innovation that reduces environmental damage is
an eco-innovation [1-3]. Nowadays, the aspects related to
sustainable development, environmental management, and
eco-innovation are considered crucial as building competi-
tive advantages on them is feasible [4-8].

To date, the environmental implications of the manu-
facturing industry have been analyzed in detail [8-14], but
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service industries have been given less attention, in spite of
their rapid growth and higher importance in overall eco-
nomic activities [15].

We stress the need to analyze the differences between
industry and service firms in terms of eco-innovative activ-
ities in line with our previous studies [16, 17]. The impor-
tance of product and process-innovations, of market infor-
mation sources, and the former introduction of commercial
and organizational innovations for service firms was empir-
ically tested, but the direction of the relationships between
constructs or their indirect effects between constructs and
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Table 1. Select variables from PITEC* database.

PITEC Variables | Function type Explanation
Importance of information sources “i” while innovating
FUENTE; . . . .
! Cat (2 — Suppliers, 3 — Clients, 4 — Competitors)
Importance of objective “i” while innovating
(1 — Increase range of products or services, 2 — Replace outdated product or processes, 3 — Enter new
OBJET. markets, 4 — Increase market share, 5 — Increase quality of products or services, 6 — Increase flexibility
! Cat. for producing goods and services, 7 — Increase capacity for producing goods and services, 8 — Reduce
labour costs per unit output 9 — Reduce materials costs per unit output, 10 — Reduce energy costs per
unit output, 11 — Reduce environmental impacts, 12 — Improve health and safety, 13 — Meet environ-
mental and health and safety regulations)

*www.fecyt.es

Categorical variables: 1 — High; 2 — Medium; 3 — Low; 4 — Not considered or not important.
FUENTE,-FUENTE, are defined as market information sources. OBJET,-OBJET; are defined as product-oriented objectives,

OBJET,-OBIJET), as process-oriented objectives, OBJET;-OBJET; as other types of objectives

environmental orientation have not been tested yet, neither
the differences, nor the similarities among services and
manufacturing industries.

State of the Art:
Definitions and Characteristics
Regarding Eco-Innovation

The general determinants of eco-innovation as firms’
R&D investment or the importance of following a continu-
ous innovative-basis pattern [12], the moderating effect of
size, the importance of the international orientation of [19],
regulations [20], or how previous innovative levels posi-
tively affect the environmental focus of companies [11, 17,
19], have been studied in detail.

However, although those aspects which act as
enhancers of the eco-innovative companies’ behavior, such
as the maturity of the firm [19, 20] or the effect of an indus-
try’s technological level on environmental orientation when
innovating [21], have been highlighted, studies focused on
the specific actions directly affecting eco-innovative
actions and their relative weights, and whether there are dif-
ferent patterns between manufacturing and service indus-
tries, are still scarce. Some authors, for example, Forsman
[22] and Sirilli and Evangelista [23], compared manufac-
turing and services innovative activities without finding any
significant differences.

Regarding eco-innovation determinants, Segarra-Ofia et
al. studied, on the one hand, different manufacturing indus-
tries such as the Spanish automobile [24] and the Spanish
tile industry [25], finding in both cases that process-innova-
tion, product-innovation, and market information sources
have been key in the eco-innovative behavior of companies.
On the other hand, the same authors studied the determi-
nants of the eco-innovative orientation of service industries
[15] finding similar patterns; service companies that inno-
vate through the improvement of products and processes are
more likely to be environmentally oriented, that previous
innovation activity affects in a direct way the consideration
of the environmental aspects when innovating and that those

companies that rely on the information from competitors,
suppliers, and customers are also more sensitive to intro-
ducing environmental innovations.

Our previous work [16] indicated that manufacturing
firms show higher orientation toward the environment than
service firms supporting theories that state that the manufac-
turing industry is leading the green revolution [10, 26, 27].
Furthermore, we confirmed highly polarized positions in
environmental aspects. Finally, the analysis pointed out that
service and manufacturing firms classified as environmen-
tally orientated did not differ that much from each other in
terms of their operational objectives and priorities. However,
there is still no research comparing both groups regarding
their eco-innovative orientation, whose specific actions
improve the sustainable orientation when innovating and the
different characteristics dependent on their belonging to the
manufacturing or service industries. This is what we address
in this paper, with the following research question:

RQ1: What are the Differences
between Manufacturing and Services Firms
Regarding Eco-Innovation Drivers?

The importance of this study is based on the need for
managers to improve their sustainable attitude. It is also due
to the interest that national and supranational organizations
such as the EU have in improving sustainable development
and the economic growth strategies of their associate coun-
tries [28-30].

Research Methods

In this study we used the Technological Innovation
Panel (PITEC) for 2011 to test the differences in the eco-
innovative behavior between manufacturing and service
industries. PITEC is a statistical instrument for studying the
innovation activities of Spanish firms over time. We based
our study on the simplest and more explanatory model
identified by Peiro et al. [16]. We applied multi-group com-
parison of PLS models checking the differences in path



Why do Services and Manufacturing Firms...

1693

Table 2. Reliability measurements.

AVE | ity | B | g
Services
Eco-orientation 0.849 0.944 0.336 0911
MK inf. sources 0.645 0.844 0.723
Process-orientation | 0.630 0.895 0.202 0.854
Product-orientation | 0.662 0.907 0.349 0.871
Manufacturing
Eco-orientation 0.859 0.948 0.479 0.918
MK inf. sources 0.651 0.848 0.731
Process-orientation | 0.727 0.930 0.207 0.906
Product-orientation | 0.663 0.907 0.320 0.872

estimates for manufacturing and services industries. The
PITEC survey has more than 200 variables related to the
innovative capacity and orientation of the firms. We have
chosen, in relation to the paper’s objectives, 16 variables
(Table 1) to conduct our analysis.

To measure orientation by introducing products’ inno-
vation variables, Objects 1-5 and Objects 6-10 were used to
measure orientation by introducing process innovation vari-
ables.

We used a partial least squares (PLS) approach with
SmartPLS 2.0.M3 by Ringle et al. [31] to analyze the data.
This approach is appropriate because:

(1) SmartPLS is able to evaluate the reliability and validity
of the instrument simultaneously

(2) It is recommended over maximum likelihood tech-
niques in studies in which the theory is not firmly estab-

lished [32-36]

(3) PLS does not rely on distribution.

Table 3. Matrix of correlation between latent variables.

As we were dealing with latent constructs, covariance
structure analysis needed to be undertaken with the use of
structural equation modeling in which a priori theoretical
knowledge was incorporated into empirical analysis [37].
Then, we estimated the same structural model for the two
subsamples (manufacturing vs. services) using partial least
squares. We used item reliability, internal consistency and
discriminant validity [36] to test the reliability and validity
of the research instrument. We used individual item loadings
firms to evaluate individual item reliability. According to
[36], individual items with loadings greater than 0.7 are con-
sidered acceptable, meaning that the item explained about
50% of the variance in a specific measure and ensured that
the items in the measurement model measured the same
construct. All the items exceeded the suggested threshold for
item reliability, indicating that the survey instrument was
enough for measuring each construct individually. Second,
we used Cronbach’s o and Composite Reliability to evaluate
the internal consistency for each construct. The minimum
acceptable a or composite reliability level is 0.7 for each
item loading [38]. Results show that the constructs had val-
ues greater than the minimum threshold of 0.7 (Table 2).

Finally, we tested discriminant validity using the aver-
age variance extracted (AVE), which measures the variance
captured by the indicators relative to the measurement error
(Table 2). Discriminant validity is the lack of a relationship
between measures which theoretically should not be relat-
ed. The AVE should be greater than 0.5 in order to justify
the use of a construct [36, 39]. Furthermore, the squared
inter-correlations among the latent variables should not
exceed the AVE to justify the discriminant validity. As
squared inter-correlations did not exceed the AVE (Table 3),
discriminant validity was demonstrated and the structural
model was assessed with confidence for both subsamples.

Structural Model Assessment

The structural model proposed was estimated by the
partial least squares method, using the application

Eco-orientation MK inf. sources Process-orientation Product-orientation
Services
Eco-orientation 0.922
MK inf. sources 0.386 0.803
Process-orientation 0.562 0.450 0.794
Product-orientation 0.400 0.591 0.491 0.814
Manufacturing
Eco-orientation 0.927
MK inf. sources 0.444 0.807
Process-orientation 0.641 0.455 0.853
Product-orientation 0.548 0.565 0.502 0.814

Square root of AVE on diagonals in bold.
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SmartPLS. Results for each subsample are shown in Figs.
1 and 2. The figures show (observable) questionnaire items
from PITEC database in rectangles and unobservable
latent factors with circles. The arrows indicate regression
relationships, showing the relationships of items with
latent factors (measurement model) and between latent
factors (structural model). Corresponding partial regres-
sion coefficients are indicated next to the arrows and,

inside the circles corresponding to endogenous variables,
the coefficient of determination (R?) for the corresponding
regression.

The results indicate how well the structural models pre-
dicted the hypothesized relationships. Firstly, path coeffi-
cients (standardized B) denote the strength of the causal
relationships between two constructs [40]. Figures support
positive relationships for the proposed hypotheses.
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Fig. 1. Estimated structural equation model for service industries.
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Fig. 2. Estimated structural equation model for manufacturing industries.
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Table 4. Tests of hypotheses for direct effects between latent variables.
Services Manufacturing
po Standard Error | T Statistics p@ Standard Error | T Statistics

MK inf. sources -> Process-orientation 0.450 0.017 26.81%** 0.455 0.015 20.54%**
MK inf. sources -> Product-orientation 0.591 0.013 43.81%** 0.565 0.013 44.03***
Process-orientation -> Eco-orientation 0.481 0.019 25.46%** 0.489 0.016 30.64%**
Product-orient -> Eco-orientation 0.163 0.019 8 43w 0.303 0.016 19.04%%%
*** Significant at p<0.001. B® Standardized betas for group i

To confirm the theoretical assumptions, Table 4 shows Table 5. Q? results for each construct
the .re.gression coefﬁcient§ between latent fac.tors, t.heir t- Q Services Manufacturing
statistics and p-values, estimated by bootstrapping with 500
samples. The four proposed relationships have significant Eco-orientation 0.655 0.672
values, confirming hypotheses. MK inf. sources 0.299 0.308

Results indicate that process-orientation and product- —
orientation had a positive effect on eco-orientation. The Process-orientation 0.445 0.585
path coefficients for service and manufacturing groups Product-orientation 0471 0.474

between process-orientation and eco-orientation were,
respectively, 0.481 and 0.489 (both significant at p<0.001).
Additionally, product-orientation was significantly related
to eco-orientation (= 0.163, p<0.001 and f®= 0.303,
p<0.001 B). Regarding the market information sources con-
struct, results show that this variable contributed to a sig-
nificant positive effect on both product-orientation and
process-orientation. In other words, the importance of the
information from suppliers, competitors and clients in the
innovation process has a significantly positive effect on
product-orientation ("= 0.591, p<0.001 and p®= 0.565,
p<0.001) and on process-orientation ("= 0.450, p<0.001
and B®= 0.455, p<0.001) of services and manufacturing
firms, respectively, while innovating.

Moreover, squared multiple correlation (R?) for each
endogenous variable measures the percent of variance
explained by each construct in the model. R* coefficients
associated with latent variable regressions are significant,
with values greater than those suggested by Falk and Miller
[41].

Finally, following the propositions of Barclay et al.
[34], Tenenhaus et al. [37], and Henseler et al. [42], we con-
sider that this analysis should be strengthened with the
cross-validated redundancy index (Q*) or Stone-Geisser test
[43, 44]. The Stone-Geisser test gives us a measure of
goodness with which the values observed are reconstructed
by the model and its parameters [36]; it is generally accept-
ed that a model has predictive relevance when Q” is greater
than zero [42]. The Stone-Geisser test (Q*) can be measured
utilizing procedures of the blindfolding type [37] and it is
only applicable to latent variables that are incorporated in a
reflective measurement model [42], as in our model. Table
5 shows the Stone-Geisser test (Q°) utilizing blindfolding
procedure. Results show that the model has predicted rele-
vance, as Q* results for each construct are greater than zero.

However, the question that emerges is whether numeric
differences between path coefficients are statistically sig-
nificant. To address this issue, we performed multigroup
analysis. The comparison of group-specific effects entails

consideration of how a categorical moderator variable
(group membership) affects the direction and/or strength of
the relationship between two latent variables [42]. To
approach multigroup analysis, we dismissed the parametri-
cal approach, because it relies on distributional assumptions
which constitute a major shortcoming and did not fit our
data. Thus, we decided to apply the approach by Henseler
[45] and Henseler et al. [42] and nonparametric confidence
set approach [46] with percentile method [47], which do not
build on any distributional assumptions, are simple to apply
and require low computational demand.

Results are presented in Table 6. As shown, the three
methods lead to the same results. The path coefficients
between product-orientation and eco-orientation for service
and manufacturing firms differ significantly. Thus, this path
coefficient in manufacturing firms is significantly greater
than in service firms. Product-orientation, which is the ori-
entation to increase the quality or the number of products,
to penetrate new markets or to increase market share while
innovating, affects more the environmental orientation of
manufacturing firms than service firms.

Discussion, Conclusions, Limitations,
and Further Research

The objective of this paper was to disentangle empiri-
cally the differences in eco-innovative behaviour between
services and manufacturing industries. While Segarra-Ofia
et al. [17] indicated that concern about environmental
aspects when innovating is higher in manufacturing indus-
tries than in service industries, the patterns that drive this
orientation might not be the same because of the differences
between services and manufacturing businesses.

This study of over 6000+ firms provides several inter-
esting insights that should be taken into consideration in
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Table 6. Multigroup comparison test results.
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Results for Henseler (2007) [45] and Henseler et al. (2009) [42] eligible for a one-sided test.

order to improve firms’ environmental orientation. The first
conclusion of this paper is that services firms adjusted well
to the model explaining environmental orientation drivers
proposed by Segarra-Oia et al. [16].

On the other hand, probably the most interesting result is
the differentiated impact that product-orientation has on eco-
orientation. We have proven that the relationship between
product-orientation and eco-orientation in service firms is
significantly different from the one in manufacturing firms.
In fact, product-orientation impact is lower in services firms.
Thus, while manufacturing firms show a similar impact of
product and process-orientation on eco-orientation, in ser-
vice firms process-orientation almost doubled the relative
impact of product-orientation on eco-orientation.

These results strengthen our previous findings [16, 17,
24,25] and clarify the variables that influence firms’ behav-
ior regarding eco-innovation depending on industry type.

These results may enhance internal decisions as well
as public policy strategies as regards greener industries, in
line with the last eco-innovation EU programs
(http://ec.europa.eu/environment/eco-innovation/),
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