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ABSTRACT 

This research aims to verify the impact of technological eco-innovation capacity on innovation 

performance, from most innovative firms of different sectors: Biotechnology; chemicals & cosmetics; 

manufacturing & medical sectors, in the USA. This research was based on the model presented by 

Müller et al. (2005). Following it, a multiple case study was conducted in most innovative companies.  

The research had specialists’ intervention. The data were extracted by a judging matrix with a scale 

type.  This paper contributes to the discussion on influence of eco-innovation capacity and its impact 

on innovation performance. Furthermore, the results can help policy-makers improve the support for 

eco-innovations in innovative companies in the USA. 
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1. INTRODUCTION 
 

Recently, relevant changes have made organizational boundaries more fluid and dynamic in response 

to the rapid pace of innovation (Abrahamson, 1991; Griliches, 1990; Teece et al., 1997; Teece, 1986; 

Chesbrough and Rosenbloom, 2002; Christensen, 2003; Damanpour, 1996). It is widely 

acknowledged the essential role of innovation to survival of companies (Clark and Guy, 1998; 

Schumpeter, 1934; Baumol, 2002; Doran and Ryan, 2012; De Martino and Magnotti, 2017). There is 

a strong demand nowadays to make production processes as sustainable as possible (Birkie, 2018). 

In this sense, more emphasis is been placed on innovation, and in particular, on eco-innovation (Doran 

and Ryan, 2012). Implementing eco-innovations in products is one of the key factors for achieving 

sustainable development (Dangelico and Devashish, 2010). In this context, the success of business 

actions to combat climate change depends on a series of organizational resources and supports (Kolk 

and Pinkse, 2004; Schultz and Williamson, 2005; Hoffman, 2005; Weinhofer and Hoffmann, 2010) 

that generate competitive advantages when properly allocated (Hart and Dowell, 2011) (Neto et al., 

2015). Eco-innovation can be characterized as technological, organizational, social and institutional 

(Panapanaan et. al., 2014)(Eryigit & Özcüre, 2015): 

 Technological Eco-Innovation: These technologies are both corrective and also preventive. They 

consist of measures to reduce the energy and material input and emissions (Eryigit & Özcüre, 2015). 

 Organizational Eco-Innovation: Eco-audits are the examples for this type of eco-innovation. In 

services sector some material products are substituted with less-material services (Eryigit & Özcüre, 

2015). 

 Social Eco-Innovation: This is the patternal changes in consumer behaviour. People’s life style 

changes result in social eco-innovation (Eryigit & Özcüre, 2015). 
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 Institutional Eco-Innovation: Scientific and public institutions cooperate to make policies about eco-

innovation (Eryigit & Özcüre, 2015). 

This research focus on Technological Eco-Innovation. It is feasible to offer innovative products as it 

enables companies to have incremental gains and competitive advantage, in particular industries 

dealing with technological innovations. Technological eco-innovation is a dynamic process, and 

perhaps the most dynamic of all industrial activities (Schumpeter, 1943; Achilladelis and Antonakis, 

2001). This requires the combined effort of various innovative activities, a condition of limited 

resources. Traditionally, the literature references two main types of innovation activities: internal and 

external (Cassiman and Veugelers, 2006). External activities are related to licensing knowledge 

access through external sources, R&D outsourcing, and hiring highly qualified researchers, with 

relevant knowledge (Arora and Gambardella, 1990), and others. Internal innovation activities use the 

firm’s internal capacities (Vega-Jurado et al., 2009), where knowledge production is internalized 

(Frenz and Ietto-Gillies, 2009).  

The state of the art has significant bearings on the advances of studies on the innovative technology 

capacity of firms. In a research conducted by Wang, Lu and Chen (2008), the technology capacity of 

firms under uncertainty was evaluated using the fuzzy set theory that adapts naturally to conditions 

of uncertainty produced in the decision-making processes. The results were plausible and enabled to 

assess the extent of high-tech firms’ innovative technology capacity (R&D, manufacturing; 

marketing; learning, organizational; strategic planning and resource allocation). Lau et al. (2010) also 

conducted empirical studies to assess the technology innovation impact on the performance of 

innovation in Hong Kong. The results were satisfactory and enabled to show that the R&D capacities, 

resource allocation, strategy learning and planning, can significantly improve the results of the firms’ 

business.  

Moreover, it showed that R&D and resource allocation also have a significant effect on the 

introduction of new products. Yam et al. (2004) conducted an empirical study on technological 

innovation in the industrial enterprises in the Peking area (Guan et al., 2005, 2006; Guan and Ma, 

2003) and the innovation capacity results (R&D, manufacturing, marketing, learning, organization, 

strategic planning and resource allocation) were inconsistent, as they did not yield propositions or 

hypotheses, which to a certain degree weakened the research findings (Lau, Yam and Tang, 2010). 

Deciding on an ideal balance regarding innovation activities is a complicated issue (Chen and Yuan, 

2007), there are barriers to be challenged and substantially reconfigured (Assink, 2006) in order to 

obtain an optimal and combined convergence of the various activities in confluence with the firms’ 

desired and acceptable performance. Innovation activities are admittedly complex and risky. Thus, it 

is difficult to accurately assess (Afuah, 1998; García-Muin and Pez Navas-lo, 2007; Bellman and 

Zadeh; 1970) the innovation capacity and also discern the firms’ range of acceptable performance. 

 In this sense, This research aims to verify the impact of technological eco-innovation capacity on 

innovation performance, from most innovative companies of different sectors: biotechnology; 

chemicals & cosmetics; manufacturing & medical sectors, in the USA. This research was elaborated 

in light of theoretical excerpts, with foundation in the model presented by Müller et al. (2005), which 

considers the following metrics:  resources, enablement and leadership. In this sense, deciding on an 

ideal balance regarding eco-innovation activities and innovation performance is a complicated issue, 

there are barriers to be challenged and substantially reconfigured in order to obtain an optimal and 

combined convergence of the various activities in confluence with the firms’ desired and acceptable 

performance. Innovation activities are admittedly complex and risky. It is difficult to accurately assess 

(Afuah, 1998; García-Muin and Pez Navas-lo, 2007; Bellman and Zadeh; 1970) the innovation 

capacity and also discern the most innovative companies’ range of acceptable performance. Given 

the importance of eco-innovation, to stimulate innovation, some studies investigated about eco-

innovation: James (1997) detailed eco-innovation as process for development of new products, 

processes or services that offer value to clients and businesses with diminishment of environmental 

impact. Eco-innovation is an important driving force to support the sustainable development of 
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companies (Kanda et al., 2015) (Li Cui, 2017). According Eryigit and Özcüre (2015). eco-innovation 

can be characterized as technological, organizational, social and institutional (Panapanaan, et. al., 

2014):  

•Technological Eco-Innovation: These technologies are both corrective and also preventive. They 

consist of measures to reduce the energy and material input and emissions. 

•Organizational Eco-Innovation: Eco-audits are the examples for this type of eco-innovation. In 

services sector some material products are substituted with less-material services. 

•Social Eco-Innovation: This is the patternal changes in consumer behaviour. People’s life style 

changes result in social eco-innovation. 

•Institutional Eco-Innovation: Scientific and public institutions cooperate to make policies about eco-

innovation (Eryigit, and Özcüre, 2015). 

Del Rio et al. (2010) reference that eco-innovation is innovation that increases the environmental 

performance of production and consumption activities. In this way, eco-innovation is analyzed as a 

new paradigm because it encompasses the growing importance of combining innovation and 

technologies developed with environmental protection. Incorporating this concept into new products, 

processes or services is a way of contributing to the promise that the demand for economic growth 

can be reconciled with sustainability (Weber and Hemmelskamp, 2005) (De Prá Carvalho, Zarelli, & 

Dalarosa, 2018). However, these studies examining the innovation have not given sufficient 

consideration to technological eco-innovation capacity. Therefore, responding to the calls made in 

the literature to verify the impact of technological eco-innovation capacity on innovation 

performance, the current study investigate the most innovative companies of different sectors: 

Biotechnology; chemicals & cosmetics; manufacturing & medical sectors in the USA. Within this 

spectrum, this study aims to assess the influence of technological eco-innovation capacity on the 

innovation performance of most innovative companies under resources, leadership and capability in 

different sectors in the USA.  

This research was elaborated in light of theoretical excerpts, with foundation in the model presented 

by Müller et al. (2005), which considers the following metrics:  resources, enablement and leadership. 

There is a gap in the literature concerning the eco-innovation capacity and innovation performance 

in most innovative companies of different sectors in the USA. This research can contribute to the eco-

innovation capacity and literature with new empirical knowledge. Furthermore, the study illustrates 

that the eco-innovation capacity potential can be  contribute provide key input to the decision-making 

process in this perspective of most innovative companies in the USA. According Li Cui (2017), the 

developing the appropriate indicator is the key to the evaluation of the eco-innovation ability (or 

performance) of a company. In this sense, this research aims to verify the impact of technological 

eco-innovation capacity on innovation performance, from most innovative companies of different 

sectors: biotechnology; chemicals & cosmetics; and manufacturing & medical sectors, in the USA. 

This research was elaborated in light of theoretical excerpts, with foundation in the model presented 

by Müller et al. (2005), which considers the following metrics:  resources, enablement and leadership.  

The current research offers contribution to the literature: first, this study theoretically incorporates 

eco-innovation capacity. Second, empirical evidence concerning eco-innovation capacity in most 

innovative companies in the USA. Finally, this paper is structured in the following sections: Section 

2 highlights background of the study and accordingly the study hypotheses. In Section 3, 

methodology used in the research is explained, elaborating on the sample, the variables and their 

measurement properties. Then, in Section 4, the results are presented and discussed. Conclusion, 

theoretical and practical implications, limitations and recommendations for further researches are 

provided in Section 5. Thus, this paper is structured in the following sections: theoretical background: 

issues of innovation and eco-innovation; methodology; conceptual model verification and underlying 

analyses; discussion and implications for management practice; and conclusions and limitations. 
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3. DESIGN OF RESEARCH 

 

3.1. Conceptual Model framework: Constructs and hypotheses 

This section examines the conceptual model (Figure 1) and presents the hypotheses to be tested 

throughout this work.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Framework Conceptual Model 

 

From the conceptual model, the following independent variable, dependent variable and hypotheses 

were made: 

Dependent variables: the following dependent variables were selected for this research innovation 

performance - P1: Impact on the client; P2: Business results and; P3: Sales percentage derived from 

new products.  

Independent variables: the independent variables, companies’ technological innovation capacities, 

were based on the literature. Therefore, the following dimensions were considered as 

independent dimensions: Firms’ dimensions of technological eco-innovation capacities: eco-

innovation - learning, R&D, eco-innovation - resource allocation, eco-innovation - manufacturing, 

eco-innovation - marketing, eco-innovation - organizing, and eco-innovation - strategic planning. The 

following hypotheses were formulated using the conceptual model:  

H 1: Eco-innovation capacity has positive innovation performance in firms of biotechnology; 

chemicals & cosmetics; and manufacturing & medical sectors, in the USA 

H2: Capacities, resources, and   leadership influence to a greater or lesser degree the innovation 

performance in biotechnology; chemicals & cosmetics; and manufacturing & medical sectors, in the 

USA. The next section presents the scope of the study of case. 

H3: The effectiveness rate global performance of innovation (ERGPI) of the firms in the three sectors: 

biotechnology; chemicals & cosmetics; manufacturing & medical, in the USA, depends on the 

combination and interaction of the eco-innovation capacities (activities of eco-innovation) on the 

firms (sectors) performance. 

 

3.2 Sample and Data Collection  

The population of this study was the most innovative factories in different sectors, in the USA, in the 

period from 2013 to 2017. The author investigates the impact of technological eco-innovation 
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capacity on innovation performance, from most innovative companies of different sectors: 

biotechnology; chemicals & cosmetics; manufacturing & medical sectors, in the USA. This research 

was elaborated in light of theoretical excerpts, with foundation in the model presented by Müller et 

al. (2005), which considers the following metrics:  resources, enablement and leadership. A 

questionnaire was used as a main instrument of this study (an assessment matrix). The actual survey 

was carried out between October, November, and December, 2017 which involved 79 specialists. The 

samples were selected by random sampling technique. Of the 79 specialists in our sample, 69 

completed questionnaires were retuned. However, five cases had to be excluded from further analysis 

due to excessive missing data. Therefore, the present sample comprised of 64 specialists. The experts 

were issue their judgments through a scale questionnaire. The specialists have experience and 

innovation, production, technology, technical knowledge on product development in companies 

investigated, and with the following skills: Director Manufacturing Research & Advanced 

Engineering, Senior R&D Engineer, Director Research & Innovation, Director New Technologies & 

Innovation, others. Next, these procedures are detailed. 

 

4. CONCEPTUAL MODEL VERIFICATION AND UNDERLYING ANALYSES 

 

The results and underlying analyses are structured according to the following phases:   

Phase 1: Evaluation of the technological eco-innovation capacities on innovation performance of the 

firms under perturbations (Capability, Resources and Leaderships) in three sectors - Biotechnology; 

chemicals & cosmetics; manufacturing & medical sectors, in the USA. 

Phase 2: Effects of the perturbations (Capacity, Leardership and Research) on the innovation 

performance of firms in three sectors: Biotechnology; chemicals & cosmetics; manufacturing & 

medical sectors, in the USA. How do the Resources, Capacity and Leadership support the innovation 

performance of the firms in three sectors: Biotechnology; chemicals & cosmetics; manufacturing & 

medical sectors, in the USA, based on the proposed of Müller, Va¨likangas, and Merlyn (2005)? 

Phase 3: Assessment of the effectiveness rate global performance of eco-innovation of the firms in 

three sectors: Biotechnology; chemicals & cosmetics; manufacturing & medical sectors, in the USA.  

The procedures are detailed as it follows. 

Phase 1: Evaluation of the technological eco-innovation capacities on innovation performance of the 

firms in three sectors: Biotechnology; chemicals & cosmetics; manufacturing & medical sectors, in 

the USA, under perturbations. 

This section presents the verification procedures for the conceptual model. In this spectrum, to solve 

the problem and achieve the intended research goal, the next step was to prioritize the dimensions 

(sub-components) (Figure 2) of the technological eco-innovation capabilities in relation to the global 

innovation performance of the business incubators from Chile, Israel and Italy. This procedure was 

developed using the multi-criteria analysis.  

 

Figure 2: Evaluation of the technological eco-innovation capacities on innovation 

performance of the firms under perturbations 
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The methods used were Compromise Programming, Electre III and Promethee II. The results 

achieved confirm H 1: Eco-innovation capacity has positive innovation performance in firms of 

biotechnology; chemicals & cosmetics; and manufacturing & medical sectors, in the USA.  

The results produced by this prioritization enable managers to better focus their efforts and resources 

on managing the capacities that perform best, which results in achieving the goals sought by the firms. 

The structure of this prioritization (classification by hierarchical analysis) is proposed at three 

planning levels in a judgment matrix, in which at the first hierarchical structure level it defines the 

goal, which is to achieve the performance of the firms that will feed the system; the criteria are in the 

second level, which are the innovation performance of the firms: P1: Impact on the client; P2: firms 

results (success) and; P3: Sales percentage derived from eco-innovation (new products). The 

dimensions of eco-innovation capabilities are in the third level, the alternatives, which are: Learning, 

R&D, Resource allocation, Manufacturing, Marketing, Organizing, and Strategic planning. The 

prioritization process obeys the judgment of the evaluators (experts). With the results of the judgment 

matrix, the methods were applied: Promethee II, Electre III and Compromise Programming to 

evaluate the eco-innovation capabilities in relation to the performance of the firms. Table 1 shows the 

results produced.  

 

Table 1: Assessment of eco-innovation capacity of the firms on eco-innovation performance 

(impact on client, business results and sales percentage derived from eco-innovation) under 

perturbations (capacities, leadership and resources) – average: Biotechnology; chemicals & 

cosmetics; manufacturing & medical sectors, in the USA. 

Biotechnology Eco-Innovation Capacity 

Promethee 

II 

Compromise 

Programming 

Electre 

III 

 

Strategic planning/ Organizing / 

Resource allocation 1ª 1ª 1ª 

  R&D/Learning  2ª 2ª 3ª 

 Marketing 3ª 3ª 2ª 

 Manufacturing 4ª 4ª 2ª 

chemicals & 

cosmetics  Eco-Innovation Capacity       

 

Strategic planning/ R&D/ Organizing 

/ Resource allocation 1ª 1ª 1ª 

 Learning  2ª 2ª 3ª 

 Marketing 3ª 3ª 2ª 

 Manufacturing 2ª 2ª 1ª 

manufacturing 

& medical 

sectors  Eco-Innovation Capacity       

 

Strategic planning/ Organizing / 

Resource allocation 1ª 1ª 1ª 

  R&D/Marketing 2ª 2ª 3ª 

 Learning 3ª 3ª 2ª 

 Manufacturing 4ª 4ª 2ª 

 

The results produced by the methods demonstrate the eco-innovation capacities: 

Strategic/Planning/Organizing/R&D/Learning/Resources allocation, as the most significant ones to 

ensure the innovation performance of the incubators in the three sectors.   
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The essence of the technological innovation management is the accumulation of knowledge over 

time. The increase of the knowledge volume is produced by different mechanisms associated with 

different learning modes, such as: learning derived from R&D or Learning before doing  (Pisano, 

1997); Learning by doing, which arises spontaneously in the production process  (Arrow, 1962); 

Learning by using, which is from observing the different ways in which customers use the company’s 

products  (Rosenberg, 1982); and Learning by failing, from the analysis of bad decisions by top 

managers  (Maidique and Zirger, 1985). But traditionally the greatest importance goes to R&D than 

to the other learning modes (Nieto, 2004). Based on the specialized literature (Evangelista et.al., 

1997) R&D has a strong impact on a firms’ performance of innovation. 

Thus, firms make use of its eco-innovation capacity (Activities of innovation) to achieve sustainable 

competitive advantage and value creation. Firms in all sectors have clearly defining the vision and 

mission of the business; the business's vision speaks of innovation; the business constantly looks for 

new ideas to improve services or processes; business constantly creates investment decisions (buying, 

renting equipment, etc.); business has a clearly defined innovative strategy; the business is a 

continuous process of learning; in the business there is a systematic approach for managing 

innovation. The business regularly carries out market research; the business continuously detects the 

needs of its customers; customer’s demand for products and services are collected at each stage of 

the innovative process of the business, the business effectively uses its partnerships; the business 

regularly looks for new market opportunities. The business processes are able to efficient 

development of new products; the business establishes mechanisms for selection of good business 

ideas; the business processes are flexible enough to allow realize innovative projects.  Employees in 

the incubators have sufficient knowledge to deal with innovation; the business structure creates 

suitable conditions for the development of innovation (Lendel and Varmus, 2013). Innovation 

performance of the business can help to business managers to effectively use the innovation potential 

of the business. Next, the degree of correlation between the dimensions of capability, resources and 

leadership and innovation performance was determined using Spearman’s multivariate statistical 

technique.  The technique adapts to the case in question.  

Phase 2: Effects of the perturbations (Capacity, Leardership and Research) on the innovation 

performance of three sectors - Biotechnology; chemicals & cosmetics; manufacturing & medical 

sectors, in the USA- How do the Resources, Capacity and Leadership support the innovation 

performance of the firms (sectors) based on the proposed of Müller,  Va¨likangas, and Merlyn (2005)? 

This section evaluates contribution of resources, capacity and leadership to support the innovation 

performance in three sectors - biotechnology; chemicals & cosmetics; manufacturing & medical 

sectors, in the USA, i.e. how do resources, capacity and leadership support the innovation 

performance in the three sectors? This procedure was developed in light of theoretical excerpts, with 

foundation in the model presented by Müller et al. (2005). The research had specialists’ intervention. 

The data were extracted by a judging matrix with a scale type, in which the specialists gave their 

opinions, establishing priorities to the variables (resources, enablement and leadership), by level of 

importance. 

 Thus, combining the dimensions, we can say with all certainty that the dimensions capability, 

resource and leadership contribute significantly for achieving innovation performance in three 

countries. The results confirm the H2: Capacities, resources, and leadership influence to a greater 

or lesser degree the innovation performance in biotechnology; chemicals & cosmetics; and 

manufacturing & medical sectors, in the USA. However, capability and leadership represent the 

biggest contribution to client, business results and sales percentage derived from eco-innovation to 

biotechnology sector. On the other hand, resources represent the biggest contribution to client, 

business results and sales percentage derived from eco-innovation to manufacturing & medical sector. 

In other words, capabilities, leadership and resources contribute with maximum efficiency to the 

achievement of the innovation practice oriented to the technological strategies of firms in three 

sectors. In general, at firms, the dimensions are associated with resources, training, and leadership in 
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which the Input focuses on incentives, team building, and personnel, which support the existing 

processes of innovation. The Processes in firms are related to the increase and the flow of innovation 

and to markets subject to budget constraints, and finally, Output is oriented towards reaching the 

goals of innovation.  

 

 
Figure 3: Degree of contribution of the resources, capability and leadership for innovation 

performance at firms from Biotechnology; chemicals & cosmetics; manufacturing & medical 

sectors 

 

The portfolio of eco-innovation projects is generated from the strategic analysis of the company 

showing the importance of leadership in decision making, as proposed by Müller, Va ¨ likangas, and 

Merlyn (2005). Once the projects to be developed are selected, expense and investment budgets for 

each project are established, as well as the setting of the allocation of human and internal resources 

of the firms required for the project execution. The time management of the projects is implemented 

through time lines. Apart from the administrative management of the projects there is the technical 

management, in which the project objectives are established at the beginning of it and controlled 

throughout its implementation. Aspects such as product performance, durability, reliability and 

sustainability are evaluated against established goals. It was further observed that the business 

incubators ranks as medium/low degree of importance or adherence in the firms the internal corporate 

indicators of innovation in comparison to indicators of market performance, the impact of the use of 

internal indicators of innovation in improving the costs of products and services, the use of internal 

innovation indicators to assist in decision making about the sustainability policy of the firms and the 

cost reduction.  

However, the reviews identified as medium / high relevance were the internal indicators associated 

with creative culture, such as approval of the employees regarding the evaluation of their personal 

metrics of innovation, the use of internal indicators of individual metrics of innovation as a motivator 

factor in the pursuit of improved personal skills. The assessment of Issues of innovation at firms in 

the light of the framework proposed by Muller et al. (2005) reveals that there are incentive schemes 

to support innovation, albeit in an incremental basis. However, there is not a formal mapping of the 

"champions of innovation" in the firms. An emphasis in the frequency in which strategic 
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considerations aimed at fostering innovation the study are performed has not yet been given. In view 

of the results (output), the firms controls the ratio of revenues from innovative projects in relation to 

the total billed. There is still control of the number of strategic projects of development in the 

Division, although a formal valuation of the expected revenue of eco-innovation projects in relation 

to the total turnover of the firms is not made.  

Phase 3: Assessment of the effectiveness rate global performance of eco-innovation of the firms in 

three sectors: Biotechnology; chemicals & cosmetics; manufacturing & medical sectors, in the USA 

(ERGPI) 

This phase focuses on determining effectiveness rate global performance of innovation of the firms 

in the three sectors, using neuro-fuzzy modeling. It is a process whose attributes usually possess high 

subjectivity capabilities of eco-innovation, in which the experience of the decision maker is very 

significant. Thus within this spectrum there is the need for a tool that allows adding qualitative and 

quantitative variables that converge towards a single evaluation parameter (Oliveira and Cury, 2004; 

Von Altrock, 1997). Here this model supports the management of firms in the three, as it allows to 

evaluate the desirable rate toward the firms performance of innovation from interation among eco-

capabilities (activities of eco-innovation), in three sectors: Biotechnology; chemicals & cosmetics; 

manufacturing & medical sectors, in the USA. 

The model shown here uses the model of Oliveira and Cury (2004). The model consists of qualitative 

and quantitative variables, based on information from the experts. The neurofuzzy model is described 

below. 

Stagy 1: Determination of Input Variables (IV) and Linguistic Terms: This section focuses on 

determining the qualitative input variables (IV). These variables (9) were extracted from conceptual 

model (Figure 1), results of effects of the capabilities of eco-innovation on the firms innovation 

performance. The linguistic terms assigned to each IV are: High, Medium and Low. Accordingly, 

Figure 4 shows the IVs in the model, which are transformed into linguistic variables with their 

respective Degrees of Conviction or Certainty (DoC), with the assistance of judges opining in the 

process. The degrees attributed by the judges are converted into linguistic expressions with their 

respective DoCs, based on fuzzy sets and aggregation rules and composition rules). The IV are (eco-

innovation capacities): learning capability, R&D capability, resource allocation capability, 

manufacturing capability, management capacity, marketing capability, organizing capability, 

management capacity, and strategic planning capability. 

Stage 2: Determination of the Intermediary Variables and Linguistic Terms: The qualitative input 

variables go through the inference fuzzy process, resulting in linguistic terms of intermediate 

variables (IVar). Thus, the linguistic terms assigned to IVar are: Low, Medium and High. The 

intermediate variables were obtained from: eco-learning capability performance/ eco-Strategic 

planning capability performance – LCP/SPCP; eco-R&D capability performance/ eco-marketing 

capability performance – RDCP/MKCP/MCP; eco-resource allocation capability performance/ 

organizing capability performance/ management capability performance – RACP/OCP/MCP. The 

architecture proposed is composed of eleven (6 IB)   expert fuzzy system configurations, 9 IV (input 

variables), 5 IVar (Intermediate variables) and 1 OV (Output variables), i.e., qualitative input 

variables that go through the fuzzy process and through the inference block, thus producing an output 

variable (OV), called intermediate variable (IVar). Then, the IVars, which join the other IVar form a 

set of new IVars, thereby configuring a sequence until the last layer in the network. In the last layer 

of the network the output variable (OV) of the neurofuzzy is defined. This OV is then subjected to a 

de-fuzzification process to achieve the final result: effectiveness rate global performance of 

innovation (ERGPI) in sectors: biotechnology; chemicals & cosmetics; manufacturing & medical. 
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Figure 4: Assessment of the effectiveness rate global performance of eco-innovation (ERGPI) 

in three sectors: Biotechnology; chemicals & cosmetics; manufacturing & medical sectors, in 

the USA 

 

The results confirm the H3: The effectiveness rate global performance of innovation (ERGPI) of the 

firms in the three sectors: biotechnology; chemicals & cosmetics; manufacturing & medical, in the 

USA, depends on the combination and interaction of the eco-innovation capacities (activities of eco-

innovation) on the firms (sectors) performance (IV- results of the Phase 1).  

Stage 3: Determination of Output Variable – Effectiveness Rate Global Performance of innovation 

(ERGPI) in three sectors: biotechnology; chemicals & cosmetics; manufacturing & medical sectors, 

in the USA 

The output variable (OV) of the neurofuzzy model proposed was called effectiveness rate global 

performance of innovation (ERGPI) of the firms (sectors), resulting in the processes of: 

Fuzzyfication: The fuzzification process determines the pertinence functions for each input variable. 

Fuzzy Inference: The fuzzy inference rule-base consists of IF-THEN rules, which are responsible for 

aggregating the input variables and generating the output variables in linguistic terms, with their 

respective pertinence functions. 

Defuzzification: For the applications involving qualitative variables, as is the case in question, a 

numerical value is required as a result of the system, called defuzzification. Thus, after the fuzzy 

inference, fuzzification is necessary, i.e., transform linguistic values into numerical values, from their 

pertinence functions (Von Altrock, 1997). To illustrate this, assuming that the study-object business 

incubator demonstrate the following performance rates for of the firms in three sectors - 

biotechnology; chemicals & cosmetics; manufacturing & medical sectors, in the USA - 0,8891; 

0.7134; and 0.6728. The expected reference for performance for all incubators is 0.5527 

(hypothetical). It is concluded that the effectiveness rate global Outcomes of the three sectors depends 

of the combination and interaction of the eco-innovation capacity of the firms in the three sectors.  

The effect of the   eco-innovation capacities on the firms (all sectors) global performance is dynamic 
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and dependent on constraints and uncertainties that come from the environment at any given time. 

The environmental contingencies are crucial and essential to adapt the eco-innovation activities. 

 
Figure 5: Effectivity of the firms global performance of eco-innovation in biotechnology; 

chemicals & cosmetics; manufacturing & medical sectors 

 

The effectiveness rate global performance (ERGP) of the firms in three sectors: biotechnology; 

chemicals & cosmetics; manufacturing & medical sectors (USA)  depends of the combination and 

interaction of the eco-innovation capacities of firms (sectors). Sector of biotechnology (32%) shows 

efficiency in the combination of their capacities. The effect of the   eco-innovation capacities on the 

firms (sectors) global performance is dynamic and dependent on constraints and uncertainties that 

come from the environment at any given time.  

 

6 IMPLICATIONS FOR MANAGEMENT PRACTICE  

 

Contextual innovation management implies that an innovation manager makes different decisions in 

different contexts (Ortt and van der Duin, 2008). Thus, combining the dimensions, from the interface 

between eco-innovation capabilities and the innovation performance based on the dimensions 

Resources, Capability and Leadership, there is significant predominance of the learning capacities, 

R&D and planning. R&D efficiency reflects the product development process dynamics, reduces 

time-to-market, improves product profitability, increases productivity, as well as other benefits for 

firms Studies on R&D efficiency have many applications as a management tool. R&D is strong 

performance measure, similar to ROI. It can also be used as a means of comparison (benchmark). 

R&D efficiency is also an aggregate measure of the overall success of a company’s product in the 

development effort. The presence of R&D creates an organizational setting that is favorable to 

questioning, promoting corporate/company flexibility, with an ability to integrate new concepts and 

adaptability to market changes (Freel, 2000). R&D and innovation are susceptible to sectorial 

influences [...] (Becheikh et.al., 2006). Product innovation is considered stronger in high-technology 

sectors [...] (Subrahmanya, 2005).  
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A firms’ strong customer-focus can lead to an emphasis on innovation that is derived from the desire 

to continually adapt to customer needs (Santos-Vijande and Alvarez-Gonzalez, 2007). Rowley (2002) 

calls attention to the fact that client knowledge enables the companies’ regrouping and creation of 

incremental value. However, learning is often used to describe the innovation process. It is true that 

incubators innovate through constant learning processes that generate new technological knowledge 

(Nonaka and Takeuchi, 1995). The essence of the technological innovation process is the 

accumulation of knowledge over time. The increase of the knowledge volume is produced through 

different creative mechanisms associated with different learning modes, such as: learning from R&D 

or “Learn before doing” (Pisano, 1997); “Learning by doing”, which arises spontaneously in the 

production process (Arrow, 1962); “Learning by using” (Rosenberg, 1982); and “Learning by 

failing”, from the analysis of bad decisions by top managers (Maidique and Zirger, 1985).  And the 

capacities are generated for the companies to mobilize and expand their technology, human and 

financial resources in the eco-innovation process. Resources are always a critical factor for all kinds 

of activities and processes. Evangelista et al. (1997) propose that technology resources will increase 

its importance as a strategic factor for the firms’ performance in the near future. 

 

7.  CONCLUSIONS AND LIMITATIONS 

 

This research aims to verify the impact of technological eco-innovation capacity on innovation 

performance, from most innovative firms of different sectors: Biotechnology; chemicals & cosmetics; 

manufacturing & medical sectors, in the USA. This research was elaborated in light of theoretical 

excerpts, with foundation in the model presented by Müller et al. (2005), which considers the 

following metrics:  resources, enablement and leadership. The results obtained were satisfactory, 

validating the proposed process. In this scenario our contribution is highlighted, because it provides 

support to the critical priorities in order to implement this innovation project. There is a gap in the 

literature concerning the innovation capacity performance assessment on the eco-innovation 

performance, in firms. It is hoped that this study will stimulate a broad debate on the issue and it is 

acknowledged that more studies are needed to build more robust results in the near future. Innovation 

has become the primary basis of productivity improvements, sales volume growth, and firms’ 

competitiveness. Increased global competition pressures are also forcing firms to continuously adopt, 

develop and innovate to enhance product competitiveness such as product design and quality, 

technological service and reliability. For these reasons, a firms must upgrade its eco-innovation 

capability […]. These firms are not only expected to create products meeting customers’ needs for 

high quality and low price but also provide environmental solutions for consumers and society.  

In fact, successful technological eco-innovation depends on both technological eco-capability and 

other critical capabilities, such as organizational, marketing, capital funds, manufacturing, strategic 

planning, and resource allocation (Yam et al., 2004). Such manufacturing capabilities determine a 

firms’ ability to transform R&D into products and processes. Cooperating R&D, manufacturing, and 

capital capabilities provide effects of complement to accelerate successfully technological innovation 

activities (Wang and Cheng, 2008). Thus, the results demonstrate that eco-innovation capacity impact 

is positively related to innovation performance in most innovative companies. By eco-innovation 

capacity the companies can focus on holistic corporate performance, efficiency, and business value. 

Eco-innovation thus becomes a collective achievement that allows practitioners to appraise and 

critique the performance of their environmental practices, and that thereby allows them to constantly 

refine those practices. In fact, a companies’s capabilities will influence their ability to develop eco-

innovations (Florida et al., 2001). This is because of the firm’s human capital and financial resources 

being important for eco-innovation. More eco-innovations are requiring technology because of the 

new knowledge involved in the processes. Firms that are more knowledge intensive are better able to 

develop eco-innovations (Doran and Ryan, 2012). 
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Regarding this effort, the research on such priorities should be applied permanently and periodically. 

Of the findings of the state of the art and state of practice, it is reasonable to state that this research is 

vulnerable to criticism. In the research, cross-sectional data used in this study may not be appropriate 

to establish fundamental relationships between variables. Furthermore, a study was developed for 

firms in three sectors in a static context, which may represent a limiting factor. Therefore, it is 

recommended to reproduce and replicate the model in firms from other countries or sectors in order 

to confirm the results. Of the different dimensions, the results show a predominance of R&D efforts. 

However such eco-innovation capabilities have to keep up with up-to-date changes and should be 

viewed as a priority of the present moment, with regards to systemic efforts guided by defining and 

redefining the performance of the firms of the study over time. It is plausible that building capacities 

occur over a continuous process and converge to the desired performance, which is in constant 

transformation through the new demands. Therefore, the innovation policy for firms in this category 

should be anchored by efficient planning. 

 

REFERENCES 

 

Abrahamson, E. (1991). Managerial fads and fashions: the diffusion and rejection of innovations. 

Academy of Management Review, B. Manor, 16, 3, 586-612. 

Achilladelis, B. & Antonakis, N. (2001). The dynamics of technological innovation: the case of the 

pharmaceutical industry. Research Policy, 30,535-558. 

Adler, PS & A Shenbar (1990). Adapting your technological base: The Organisational challenge. 

Sloan Management Review, 25, 25–37. 

Afuah, A. (1998) Innovation Management: Strategies, Implementation, and Profits. New York: 

Oxford University Press. 

Arora, A. & Gambardella, A. (2002). Complementarity and external linkages: the strategies of the 

large firms in biotechnology. The journal of industrial economics, 361-379. 

Arrow, K.J. (1962). The Economic Implications of Learning By Doing, Review of Economic Studies,  

29, 80.·  

Assink, M. (2006). Inhibitors of disruptive innovation capability: a conceptual model. European 

Journal of Innovation Management, 9(2), 215-233.  

Becheikh, N. and Landry, R., & Amara, N. (2006). Lessons from innovation empirical studies in the 

manufacturing sector: A systematic review of the literature from 1993–2003. Technovation, 

26, 644–664. 

Bellman, R. & Zadeh, L.A. (1970). Decision-making in a fuzzy environment. Management Science 

17, 141–164.  

Birkie, S.E. (2018). Exploring business model innovation for sustainable production: lessons from 

Swedish manufacturers. Procedia Manufacturing 25, 247-254. 

Bremser, W.G. & Barsky, N. P. (2004). Utilizing the Balanced Scorecard for R&D Performance 

Measurement. R&D Management, 34, 3, 229-238. 

Brown, M.G. & Svenson, R.A. (1988). Measuring R&D Productivity. Research-Technology 

Management, 31, 4, 11-15. 

Burgelman, R. A. (1988). Strategy making as a social learning process: The case of internal corporate 

venturing. Inter-faces,18, 3, 74–85. 

Calanton, R., Vickery, S. & Deoge, C. (1995) Business Performance and Strategic New Product 

Development Activities: An Empirical Investigation. Journal of Product Innovation 

Management, 12, 3, 214-223. 

Cassiman, B. & Veugelers, R. (2006). In Search of Complementarity in Innovation Strategy: Internal 

R&D and External Knowledge Acquisition. Management Science 52, 1:68-82. 

Chen, Y., & Yuan, Y. (2007). The innovation strategy of firms: empirical evidence from the Chinese 

high-tech industry. Journal of Technology Management in China, 2, 2, 145-153. 

javascript:void(0)
javascript:void(0)
https://www.researchgate.net/scientific-contributions/1272737_Kenneth_J_Arrow
https://www.researchgate.net/journal/0034-6527_Review_of_Economic_Studies
https://www.researchgate.net/profile/Reinhilde_Veugelers
https://www.researchgate.net/journal/0025-1909_Management_Science


PROCEEDINGS OF THE 13th INTERNATIONAL MANAGEMENT CONFERENCE  
“Management Strategies for High Performance” 

 31st October – 1st November, 2019, BUCHAREST, ROMANIA 

 

176 

Cheng, C., Yang, C., & Sheu, C. (2014). The link between eco-innovation and business performance: 

a Taiwanese industry context. Journal of Cleaner Production. 64, 81-90. 

Chesbrough, H. & Rosenbloom, R.S. (2002). The role of the business model in capturing value from 

innovation: Evidence from Xerox Corporation’s technology spin-off companies’. Industrial 

and Corporate Change, 11, 3, 529-555. 

Christensen, C.M. (2003). The Innovator's Dilemma, Harper Business Essentials, New York, NJ. 

Damanpour, F. (1996). Organizational complexity and innovation: developing and testing multiple 

contingency models, Management Science, 42, 5, 693-716. 

Dangelico, R.M. & Devashish, P. (2010). Mainstreaming Green Product Innovation: Why and How 

Companies Integrate Environmental Sustainability, Journal of Business Ethics 95,3,471-486. 

Davila, T., Epstein, M. J, & Shelton, R. (2007). As Regras da Inovação. Porto Alegre: Bookman. 

De Prá Carvalho, A., Zarelli, P. R. Dalarosa, B.M. (2018). Eco-innovation typology for incubators. 

World Journal of Entrepreneurship, Management and Sustainable Development, 14, 3, 291-

308. 

Doran, J. and Ryan, G. (2012). Regulation and firm perception, eco-innovation and firm performance, 

European Journal of Innovation Management, 15, 4, 421-441. 

Doranova A., Miedzinski M., van der Veen G., Reid A., Leon L.R., Ploeg M., Carlberg M., & Joller 

L. (2012). Business Models for Systemic Eco-innovations. Final report. Technopolis Group, 

Brussels. 

Eryigit, N. & Özcüre, G.(2015). Eco-Innovation as modern era strategy of companies in developing 

countries: Comparison between Turkey and European Union. Procedia Soc. Behav. Sci. 195, 

1216–1225. 

Evangelista, R., Perani, G., Rapiti, F. E, & Archibugi, D. (1997). Nature and impact of innovation in 

manufacturing: some evidence from the Italian innovation survey. Research Policy, 26, 521-

36. 

Flor, M. L. & Oltra, M. J. (2004).  Identification of innovating firms through technological innovation 

indicators: an application to the Spanish ceramictile industry. Research Policy, 33, 323–336. 

Florida, R., Atlas, M. and Cline, M. (2001). “What makes companies green? Organizational and 

geographic factors in the adoption of environmental practices”, Economic Geography,. 77, 3, 

209-225. 

Freel, M. (2000). Barriers to product innovation in small manufacturing firms. International Small 

Business Journal, 18, 2, 60-80. 

Frenz, M. & Ietto-Gilles, G. (2009). The impact on innovation performance of different sources of 

knowledge: Evidence from the UK Community Innovation Survey. Research Policy, 38, 7, 

1125–1135. 

Garcia-Muina, F.E., & Navas-Lopez, J.E. (2007). Explaining and measuring success in new business: 

the effect of echnological capabilities on firm results. Technovation 27, 1–2, 30–46. 

Griliches, Z.V.I. (1990). Patent Statistics as Economic Indicators: A Survey. Journal of Economic 

Literature, 28, 1661-1707. 

Guan, J., MA, N. (2003). Innovative capability and export performance of Chinese Firms. 

Technovation 23,9, 737–747. 

Guan, J.C., Yam, R.C.M., Mok, C.K., & Ma, N. (2006). A study of the relationship between 

competitiveness and technological innovation capability based on DEA models. European 

Journal of Operational Research 170, 971–986. 

Hagedoorn, J. & Cloodt, M. (2003). Measuring innovative performance: is there an advantage in 

using multiple indicators? Research Policy, 32, 8, 1365-1379. 

Hoffman,A.J. (2005). Climate change strategy: The business logic behind voluntary greenhouse gas 

reductions. California Management Review. 47,21–46. 

Jabbour, C. J. C., Saturnino Neto, A., Gobbo Júnior, J. A. Ribeiro, M. S., & Jabbour, A.B.L.S. (2015). 

Eco-innovations in more sustainable supply chains for a low-carbon economy: a multiple case 

https://www.researchgate.net/profile/Rosa_Dangelico
https://www.researchgate.net/profile/Pujari_Devashish
https://www.researchgate.net/journal/0167-4544_Journal_of_Business_Ethics
https://bdpi.usp.br/result.php?filter%5b%5d=author.person.name:%22Jabbour,%20Charbel%20José%20Chiappetta%22
https://bdpi.usp.br/result.php?filter%5b%5d=author.person.name:%22Saturnino%20Neto,%20Angelo%22
https://bdpi.usp.br/result.php?filter%5b%5d=author.person.name:%22Gobbo%20Júnior,%20José%20Alcides%22
https://bdpi.usp.br/result.php?filter%5b%5d=author.person.name:%22Ribeiro,%20Maisa%20de%20Souza%22


PROCEEDINGS OF THE 13th INTERNATIONAL MANAGEMENT CONFERENCE  
“Management Strategies for High Performance” 

 31st October – 1st November, 2019, BUCHAREST, ROMANIA 

 

177 

study of human critical success factors in Brazilian leading companies. International Journal 

of Production Economics, 0925-5273, 164, 245–257. 

Jacobsson, S., Oskarsson, C., & Philipson, J. (1996). Indicators oftechnological activities—

comparing educational, patent and R&D statistics in the case of Sweden. Research Policy 

25,573–585. 

Klewitz, J., Zeyen, A., & Hansen, E. G. (2012). Intermediaries driving eco-innovation in SMEs: A 

qualitative investigation. European Journal of Innovation Management, 15,4, 442-467 

Kolk.A., Pinkse J. (2004). Market Strategies for Climate Change. California Management Review. 

47,3, 6–20. 

Lall, S. (1992). Technological capabilities and industrialization. World Development, 20, 2, 165-186. 

Lam, A. (2002). Alternative Societal Models of Learning and Innovation in the Knowledge Economy. 

International Social Science Journal, 17/1,67-82. 

Lau, A.K.W.; Yam, R.C.M.,  & Tang, E.P.Y, (2010). The impact of technological innovation 

capabilities on innovation performance An empirical study in Hong Kong.  Journal of Science 

and Technology. Policy in China, 1, 2, 163-186. 

Lendel, V. & Varmus, M. (2013). Use of Innovation in Marketing Management of Slovak Business 

Enterprises. Verslas teorija ir praktika, 14, 1, 35-42. 

Li Cui (2017). Fuzzy approach to Eco-innovation for Enhancing Business Functions: A Case Study 

in China. Industrial Management & Data Systems, 117,5. 

Madique, M.A. & Zirger, B.J. (1994). A study of success and failure in product  innovation: The case 

of the U.S. electronics industry. IEEE Transactions on Engineering Management, 31,4, 192–

203. 

Muller, A., Välikangas, L. & Merlyn, P. (2005). Metrics for innovation: guidelines for developing a 

customized suite of innovation metrics. Strategy & Leadership, 33, 1,37-45. 

Nieto, M. (2004). Basic propositions for the study of the technological innovation process in the firm, 

European Journal of Innovation Management, 7, 4, 314 – 324. 

Nonaka, I., Takeuchi, H. (1995) The knowledge-creating company. How Japanese companies create 

the dynamics of innovation. Oxford University Press, Oxford. 

Oliveira, R.L.M. & Cury, M.V.Q. (2004). A Escolha Modal no Transporte de Cargas Sob a Ótica da 

Modelagem Neuro-Fuzzy: Um Estudo de Caso Anais de Congresso. XVIII ANPET – 

Associação Nacional de Pesquisa em Transportes. 1122-1132. 

Ortt, J.R. & van der Duin, P.A. (2008). The evolution of innovation management towards contextual 

innovation, European Journal of Innovation Management, 11, 4, 522-538. 

Panapanaan, V. M., Linnanen, L., Karvonen, M. M., & Phan, V. T. (2003). Roadmapping corporate 

social responsibility in Finnish companies. Journal of business ethics, 44(2-3), 133-148. 

Peteraf, M. A. (1993). The cornerstones of competitive advantage: a resource based view. Strategic 

Management Journal, 14, 179-191. 

Pisano, G. (1994). Knowledge, integration, and the locus of learning: an empirical analysis of process 

development. Strategic Management Journal, 15, 85-100, 1994. 

Prahalad, C. K. & Hamel, G. (1990). The core competence of the corporation. Harvard Business 

Review, 79-91. 

Rennings, K. (2000). Redefining innovation - eco-innovation research and the contribution from 

ecological economics. Ecological Economics, 32, 319-332. 

Romijn, H. & Albadejo, M. (2002). Determinants of innovation capability in small electronics and 

software firms in southeast England. Research Policy, 31, 1053-1067. 

Rosenberg, N. (1982).  Inside the Black Box: Technology and Economics. Cambridge. 

Rowley, J. (2002). Using case studies in research. Management Research News, 25, 1, 16.  

Salim, N., Rahman, M.N.A., & Wahab, D.A. (2019). A systematic literature review of internal 

capabilities for enhancing eco-innovation performance of manufacturing firms, Journal of 

Cleaner Production, 209, 1445-1460. 

https://bdpi.usp.br/result.php?filter%5b%5d=isPartOf.name:%22International%20Journal%20of%20Production%20Economics%22
https://bdpi.usp.br/result.php?filter%5b%5d=isPartOf.name:%22International%20Journal%20of%20Production%20Economics%22
https://bdpi.usp.br/result.php?filter%5b%5d=issn:%220925-5273%22
https://www.sciencedirect.com/science/journal/0305750X
https://www.sciencedirect.com/science/journal/0305750X/20/2
https://www.researchgate.net/profile/Viliam_Lendel
https://www.researchgate.net/profile/Michal_Varmus
https://www.researchgate.net/journal/1648-0627_Verslas_teorija_ir_praktika
https://ukm.pure.elsevier.com/en/persons/dzuraidah-abd-wahab


PROCEEDINGS OF THE 13th INTERNATIONAL MANAGEMENT CONFERENCE  
“Management Strategies for High Performance” 

 31st October – 1st November, 2019, BUCHAREST, ROMANIA 

 

178 

Santos-Vijande, M.L. & Alvarez-Gonzalez, L.I. (2007). TQM and firms performance: An EFQM 

excellence model. Int. Journal of Business Science and Applied Management, 2, 2. 

Schultz K. & Williamson P. (2005). Gaining competitive advantage in a carbon‐ constrained world: 

strategies for European business. European Management Journal, 2, 681–697. 

Schumpeter, J.A. (1943). Capitalism, Socialism and Democracy. Unwin Univ. Books, London. 

Subrahmanya, M. H. B. (2005). Pattern of technological innovations in small enterprises: a 

comparative perspective of Bangalore (India) and Northeast England (UK). Technovation, 25, 

3, 269-280. 

Szilagyi, A., Mocan, M., Verniquet, A.,  Churican, A, & Rochat, D. (2018). Eco-innovation, a 

business approach towards sustainable processes, products and services. SIM 2017 / 14th 

International Symposium in Management. Procedia - Social and Behavioral Sciences 238, 

475 – 484.  

Teece, D. J. (1986). Profiting from technological innovation: Implications for integration, 

collaboration, licensing and public policy. Research Policy 15, 285-305. 

Teece, D.J., Pisano, G., & Shuan, A. (1997). Dynamic capabilities and strategic management", 

Strategic Management Journal, 18,7, 509-33. 

Vega-Jurado, J., Gutiérrez-Garcia, A., & Fernández-de-Lucio, I. (2008). Analyzing the determinants 

of firm’s absortive capacity: beyond R&D. R & D Management, 38,4, 392-405. 

Von Altrock, C. (1997). Fuzzy Logic and Neurofuzzy Applications in Business and Finance. New 

York: Prentice Hall. 

Walters, D. (2000). Demand chain effectiveness supply chain efficiencies. Journal of Enterprise 

Information Management, 19, 3. 

Wang, C., Lu, L., & Chen, C. (2008). Evaluating firm technological innovation capability under 

uncertainty.Technovation, 28, 6, 349-363. 

Weinhofer, G. & Hoffmann, V. (2010). Mitigating climate change – how do corporatestrategies 

differ? Business Strategy and the Environment 19, 77–89. 

Wheelwright, S.C., & Clark, K. B. (1992). Revolutionizing product development: quantum leaps in 

speed, efficiencyand quality. Cambridge: The Free Press. 

Yam, R, Guan, J, Pun, K, & Tang, P (2004). An audit of technological innovation capabilities in 

Chinese firms: some empirical findings in Beijing, China. Research policy, 33, 8, 1123-1140. 

 


