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ABSTRACT 

Innovation, defined by “the process of bringing new products and services to market”, is the focus of business research today. Innovation aims to enhance quality and cut down price of products/services for the better well-being of people. However, product innovation that delivers values, benefits, and convenience to customers may fail to “cross the chasm” in the innovation diffusion and adoption process. This is because substantiation of overall market success never comes into being as the products/services attract merely customers of certain segments in the market rather of the overall market. Therefore, understanding customer response to innovation, measuring customer innovativeness, that is, the propensity of customers to adopt new products/services, and developing the attractive deliverables to them effect successful innovation commercialization. For fast time-to-market, organizations with entrepreneurship always take the lead to bring out innovative products/service to acquire new customers. The customer relationship management (CRM) system in place not only provides communication channel to retain customers by winning their satisfaction that leads to loyalty, but also offers information technology to extract customer knowledge via soft computing. This paper presents an “Entrepreneurship Knowledge Management (EKM) Model” where the dimension of organizational entrepreneurship and the dimension of customer innovativeness are woven into a continuum, and the soft computing methodology is employed to measure customer innovativeness for market excellence.
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INTRODUCTION
Innovation, defined by “the process of bringing new products and services to market”, is one of the most important topics in business today (Hauser, 2006). The outcomes of innovation presented as the deliverables to the market normally are offered by organizations whatever profitable firms or non-profit ones. They can be categorized as product innovators, process innovators, late entrant non-innovators, and former pioneers to come up with variety of products and/or services with different attributes and characteristics (Manu, 1996). Although the term “innovation” has come into being for a long time since the famous economist Schumpeter named it, new elements have been added into the term at the break of the 21 century whose hallmark is the “digital economy” or “knowledge economy”. In 1996 OECD (Organization of Economy Cooperation and Development) presented the term “knowledge economy” and since then the concept of “knowledge economy” has imposed a great deal of influence upon countries, organizations, firms in the world. Knowledge instead of natural resources, physical capital and labor skill has been recognized as the predominant and unique attribute to underpin the economic development and the creation of wealth. For a firm, an industry sector or even a nation, the ability to exploit and manage the knowledge assets will determine their competitiveness and potential for growth. Researcher indicated that in the knowledge-based economy, the interlinking driving factors for growth are: the promotion of ICT (information and communication technology), innovation and entrepreneurship, and knowledge-based human resources (Vickery, 2003). Seeing the fact that in-house technology capability build-up in most firms cannot catch up the requirement of customers, OECD initiated the German pilot study on the effect of KM on the absorption and integration of external knowledge (OECD 2002). The survey result confirmed the positive response on the acquisition of external knowledge to accelerate the innovation. However, without the entrepreneurship the innovation within an organization will be reserved as the primitive form and hardly be converted into deliverables such as products and/or services that create the opportunity to make a profit. 
As the entrepreneurship is presumed as the major driving force to gain momentum in the knowledge economy, it is important to learn the process of managing the entrepreneurship knowledge. The knowledge management process how a corporate venture or nascent venture managing the linkage of product and customer knowledge with entrepreneurship knowledge will eventually leads to the embodiment of innovation commercialization. Hereby, we present a conceptual framework of an entrepreneurship knowledge management (EKM) model from a holistic view that not only the product and entrepreneurship knowledge, but also customer knowledge  matter in commercializing innovation and technology to facilitate the discussion. The theme of ANQ 2008 conference stipulates emphasis upon customer-driven excellence and indicates that being customer focus is not sufficient enough, but customer experience matters, which should be directed toward customer retention and loyalty, market share gain, and business growth. Therefore, the inclusion of elements of customer relationship management (CRM) into the EKM model will be adequate for the theoretical model development. 

It is well recognized that product innovation delivers values, benefits, and convenience to customers, but the commercialization of innovation may fail to “cross the chasm” in the innovation diffusion and adoption process. Substantiation of overall market success never comes true as the products/services attract merely customers in certain a segment of the market rather than those in the whole target market. Therefore, successful innovation begins with understanding customer needs and then develop the deliverables to them by firstly measure customer innovativeness, that is, the propensity of customers to adopt new products/services. To benefit from innovation, organizations have to adopt innovation with the spirit of entrepreneurship to accelerate the pace to bring out innovative products and service to acquire new customers, follows the strategic planning and execution program for customer relationship management (CRM) to retain customers by winning their loyalty through satisfaction. This is motivation of this paper to present the EKM model where the dimension of organizational innovation and the dimension of customer innovativeness are woven into a continuum, and the soft computing methodology is employed to measure customer innovativeness for market excellence. The remaining part of this paper is structured as follows: in section 2 we present the EKM model and discuss the customer knowledge management (CKM) process; follows is the way how to understand customer innovativeness; section 4 is the case study and results; finally we discuss the research limitation, direction for further research, and the conclusion. 
THE ENTREPRENEURSHIP KNOWLEDGE MANAGEMENT MODEL
                                        Customer Knowledge Management
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Fig. 1 The integrated EKM model for managing customer knowledge and entrepreneurship
knowledge with customer relationship management
Scholar proposed a conceptual framework of “customer knowledge competence” including customer information process and market-IT interface (Campell, 2003). In his paper, customer information process is a set of activities that generate customer knowledge about customers’ current and potential needed for products and/or services, whereas a customer relationship management (CRM) system constitutes the market-IT interface and data needs to be converted into information to extract customer knowledge. Another researcher indicated that CRM can do better job if supported by the KM process so that knowledge from customer be well handled to ensure that the deliverables a company offers meet customers’ satisfaction (Plessis 2004). 
In the knowledge economy the driving factors for economic growth are: the promotion of ICT, innovation and entrepreneurship, and knowledge-based human resources. Hereby, in addition to product KM (for innovation realization) and customer KM (by knowledge-based workers), we propose a holistic EKM model features three dimensions: entrepreneurship, customer and product as shown in Figure 1. The EKM model deals with entrepreneurship knowledge management by the knowledge process encompassing: (1) entrepreneurship knowledge generation in terms of Knowledge for infrastructure and legal environment assessment as well as knowledge for entrepreneurship implementation, (2) entrepreneurship knowledge codification in terms of new venture financing, and (3) entrepreneurship knowledge transfer and realization that lead to innovation commercialization. Entrepreneurship is defined by Kaplan (2007) as “the process of planning, organizing, operating, and assuming the risk of a business venture”. Entrepreneurship features some sub-disciplines such as corporate entrepreneurship, nascent entrepreneurship—new venture of high-tech startups—, university entrepreneurship, and family-owned business. The key success factor for the entrepreneur to gain the ground is the capability in managing different categories of innovation such as incremental innovation, radical innovation or even disruptive innovation. The first sub-process of entrepreneurship KM process is to create knowledge about the infrastructure and the legal environment in the target market into which the firms make decision to have an inroad. Infrastructure in the target facilities location such as the availability of power, water, transportation, ICT facilities, quality and quantity of human resources, monetary and funding institution (Audretsch 2006), regulation for environment protection, and even legal attorney or other services, are influential factors for decision making. However, knowledge pertaining to infrastructure could be less tacit and easier to be acquired via lots of reliable sources. Here we refer “knowledge for entrepreneurship implementation” to the generic knowledge needed for a new venture. Kaplan and Warren (2007) presented “five phases to entrepreneurship success” as: (1) seize the opportunity, (2) investigate the need via market research, (3) develop the business plan, (4) determine the resources needed, and (5) manage the business. Of course, other things like technology factors, economic factors, and demographic factors all matter in the creation of opportunity. Before the preparation of the business plan, understanding customers in the target market should be carried out as the priority task.
There is a myth that the most successful cases of entrepreneurship stems from innovation in high technology. However, for the deliverables out of disruptive innovation, its physical presentation and benefit to be offered is always hard to be perceived by the general public. Therefore, it leads to the controversy whether it is appropriate to take conventional market research approach such as segmentation task. Chorev (2006) argued that it is difficult to assess the ‘yet-to-born’ product market potential and accepted no the merit of market research in launching high-tech new products, whereas Easingwood (2002) advocated that the marketing strategy should be in line with the propensity of target segment to facilitate the faster innovation adoption. Meade (2004) pointed out the importance of market segmentation and segment customers’ response to a high-tech product. Marquez (2006) indicated that it’s imperative for the high-technology business planner taking customers’ response towards product attributes to segment the market. Based on industrial working experience, IC (integrated circuit) design houses and IC fabs can be categorized as high-tech industry that require no dedicate market segmentation research in launching new-to-the-world products. However, business about system products embedded with many ICs such as mobile phone-set and car electronics do need market segmentation task to understand the customer innovativeness toward the products. The purpose is to identify product variants and set the pricing policy in order to result in relevance for market success. The next step is knowledge generation for the development of business plan or business model that can gain competitive advantage. There is something to be taken into account: (1) which innovation/products/services to be offered to the market? (2) what kind of legal form the venture entity will be? (3) where to register the company? (4) how to obtain specialized complementary assets? (5) where to get fund from? (6) how to take the global deployment? (7) how to protect intellectual property? This part constitutes the major part of knowledge relevant to the practice of entrepreneurship implementation (Garvin, 2006, Colombo, 2006). The codification of tacit entrepreneurship knowledge is embodied by the completion of a business plan. The entrepreneur must have extracted all necessary implicit knowledge and converted them into the codified form as the business plan, and presents the business to communicate with outside sources for financing the new venture. 

    Kaplan (2007) described that a typical business plan should contain: title page, executive summary, overview, market analysis, marketing and sales plan, pricing strategy and plan, advertising and promotion strategies, operations, management team, financial plan and the most important part in entrepreneurship process. Most studies see venture financing from professional venture capital firms. However, certain researcher indicated that besides self-funding, i.e. bootstrapping, venture firms also seek financial support from friends, family members, banking system, university, government incentive program, and also venture capitalists (Eckhardt 2006). However, we have no intension to go further, as this paper mainly deals with KM process in the entrepreneurship context. As a matter of fact, a business plan is the outcome of knowledge influx that flows from a variety of sources. After the new venture is set up, running the business demands the transfer and realization of entrepreneurship knowledge to successfully selling out products/services. At this stage, managing customer relationship becomes the strategic part of the endeavor to sustain business advancement. Therefore, knowledge about product and its benefit should be transferred to customers. The customer knowledge management dimension in the integrated EKM model and its implementation procedure via IT-based CRM program will fit the demand (Su 2006). However, in the customer equity management paradigm, brand equity and value equity in addition to customer relationship should also be addressed to ensure the commercialization of innovation. Once the venture succeeds, the subsequent challenge will be the problem how to congruently integrating technology, marketing and management innovation. For a habitual entrepreneur with the prior entrepreneurship knowledge in place, he should study the emerging new technology whatever in the form of incremental innovation or disruptive innovation, and evaluate the feasibility to bring out end products and the market potential for next round entrepreneurship endeavor. 
HOW TO UNDERSTAND CUSTOMER INNOVATIVENESS

In the stage of innovation and technology commercialization, it is absolute important to understand customers response to innovation and measure customer innovativeness—the propensity of customers in adopting innovative products and services—. Any products/services out of innovation commercialization if cannot be accepted and purchased by customers do no any good to the company; what cannot sustain long term transaction makes no contribution to the survival and growth of the company. Therefore, a company must grasp any possibility to allow a successful marketing outcome. Many attempts riding on the innovation of products/services to create market opportunity fail for the company’s inability to cross the chasm—the transition between the embryonic market where constituent customers are innovators/early adopters and the profitable mass market where customers are early majority/later majority (Roger, 1983). If the initial success in the embryonic market is not profitable enough, it will fail to motivate the advancement of business growth as investment input at the stage of R&D, engineering and production, supply chain development yet to be returned. Therefore, it is utmost imperative that the products/services out of innovation can penetrate the market and gains substantial share. To pass over the chasm, innovative companies must carefully identify customers’ needs and deliberately focus on the preference pattern/purchase intention of early majority customers that constitute the leading group of the subsequent mass market (Hill, 2007), and then penetrate the majority market to gain profit. Although the innovation diffusion model (Roger, 1983) explained the consumer adoption behavior at the aggregate level, gaining insight of knowledge about customer innovativeness toward innovative products/services demands a survey at the individual level (Hauser, 2006). For a long time, marketing has been regarded as more a creative art than a science-based discipline until the advent of CRM practice in the 90s. The analytic component of CRM activities collects customer data from all communication channels to leverages data into useful knowledge for tracking customers’ actions, understanding their behaviors over time, and endeavoring to provide attractive products/services offerings (Dyche, 2002).
Researchers further indicate that for a strategy of customer intimacy, customer-oriented data structure is needed to gain an insight into customer behavior. However, for a strategy of product innovation, a product-focused data structure is necessary to oversee the evolution of customer adoption (Rust, 2005). As a consequence, the task for customer knowledge discovery in the analytical component of CRM requires the functions of data mining: cluster analysis, classification, association analysis, and prediction (Han, 2001). Thus, data mining brings science into the domain of marketing and empowers a company to measure customer innovativeness. In the recent years, the convergence of data-oriented approach in the practice of CRM and the people-oriented approach in the process of KM, has contributed the embodiment of CKM to exploit their synergy potential (Davenport, 2001, Gebert 2003, Su, 2006). The driving force of this research thrust creates the procedure to delineate “knowledge for customers” that satisfies customers’ demand for knowledge on products/services and other relevant items; secure “knowledge about customers” by capturing their background, motivation, attitude, and preference for products/services; and extract “knowledge from customers” in the form of needs pattern and consumption experience of products/services (Garcia-Murrillo 2002). This development infuses new elements into the current research efforts to understand customers (Veryzer, 1998, Koenig, 2000, Garcia-Murrillo, 2002, Wesley, 2006, Bucinx, 2007). The CKM process applying data mining as the knowledge discovery tool supports a company to identify customer segments of similar propensity by cluster analysis and then grasps their behavior by building a predictive model (Kumar, 2006). The customer knowledge, thus, plays a crucial role in formulating a successful marketing strategy for implementation. In this paper, we present a CKM process imbedded in the EKM model to enable: (1) presenting the methodology of extracting customer knowledge under the analytical CRM setting, (2) comparing the quality of segmentation results of different data mining methods, and (3) constructing a predictive customer behavior model based on the outcome of segmentation. It does so by taking customer’s needs toward the product benefits as the base to form market segments. An evaluation scheme is employed to determine which data mining method as the most appropriate. Next, the demographic data of customers in each segment from the best segmentation result are utilized for predictive customer behavior modeling. Understanding customer response to innovation and measuring their innovativeness Therefore, the CKM process bolster the odds of success in the course of entrepreneurship endeavor.
In the market research survey, a questionnaire is used to collect both customers’ needs pattern and their demographic data such as gender, age, income, occupation, education background, marriage status, and so on. Unsupervised artificial neural network (ANN) like self-organizing-map (SOM) and statistical methods like K-means enable clustering customers’ needs pattern into differentiated segment of similar internal propensity. However, the segmentation task is based on the response of customers in the sample frame rather than the entire customer population. To understand all of company’s customers it is necessary to build a predictive customer behavior model that projects perspective customers’ segment categorization based on his/her demographical data. This predictive model will benefit measuring customer innovativeness over time (Figure 2).
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                         Figure 2. Predictive modeling by MLP network

The multi-layered perceptrons (MLP) network associated with backpropagation (BP) training method is a suitable candidate for constructing a predictive model. It is capable of mapping a given set of input variable to a specified set of output variable as targets, therefore, catogorized as a supervised ANN. As a popular ANN, MLP network’s applications can be found in broad scope, thus details about MLP network will be omitted here. Once the best segmentation result is determined, demographic data items of customers in certain segment then become the input variables and the segment labels become the output variables or the target. After the MLP is trained by presenting necessary demographic data of customers in the sample frame and the corresponding segment label, it becomes a predictive customer behavior model to predict whether a prospect or a current customer to be categorized into which segment.
CASE STUDY AND RESULTS
As this paper is an extension of our previous research work, the study case and the data collected are all adopted from the paper presented in ANQ 2007 conference. We quoted the results to this article to ensure the consistency in paper presentation. 
Figure 3. The CKM process for understanding customer innovativeness (Adopted from ANQ,2007) 
Data collection
The company prepared a customers name list selected from an automobile manufacturer’s current customer database. It is for sending out an e-mail to solicit them to respond to an electronic survey instrument posted on a specific website. After data cleaning, 1 742 effective questionnaires became available. All data were processed into Excel format by the Linux operating system environment and MySQL database management system installed in an Apache web server.
Questionnaire used in the survey instrument

On the front page of the website appears a brief letter to thank the customers for taking part in the survey, followed by a detailed instruction on how to answer the questions. The first part of the questionnaire is to determine the demographics of the customers, including age (younger than 20 years old, between 20 to 30, between 30 to 40, between 40 to 50, above 50), gender (male or female), profession (12 kinds), educational background (below high school, high school, college, university, graduate school), income (7 ranges), marital status, and number of children. To make it easy to answer the questions, the numerical data was arranged in increasing order of certain predetermined ranges, for example:
Age        ● under 20,    ● 20 to 30,     ●30 to 40,   ● 40 to 50,    ● over 50 
The small circle in front of each range is for customers to ‘click’ with the mouse and indicate their reply to a particular question. The second part of the questionnaire in the main survey instrument lists 29 items of Telematics product feature that delivers certain benefits to customers. The 29 items are arranged into 8 groups. The third part collects information of a customer’s perceived value regarding certain Telematics features. Some major features are selected from the above 29 items. They are presented with five options each, and each with a different monetary value. The customer then clicks the small circle in front of a particular item to disclose his/her perceived value, or the monetary value he/she is willing to pay for one option. This completes the selection task. The data set in the database consists of 1 472 records of customer’s extent of needs which composed of 29 attributes data items. The data item in each record relating to each attribute is one of continuous-valued variables in the set of (0.1, 0.3, 0.5, 0.7, 0.9). The SAS (Statistical Analysis System) software package is used for K-means/Ward’ method cluster analysis. The NeurolShell2 software package is employed to perform clustering in the SOM neural network.
Cluster analysis results
From the Table 1 we found that all ‘larger gap’ in the value of R-squared for every method happens at the turning point from five segments to six segments. Therefore, we may judge that five as the optimal number of cluster for all three data mining methods. Based on the data set in the ‘customer response database’ of this study, it qualifies the formation of five ‘natural’ clusters or five market segments 

Table 1 The results of cluster number analysis
	Number of Segment
	K-Means
	Ward’s method + K-Means
	SOM

	
	R-Square
	Defference
	R-Square
	Defference
	R-Square
	Defference

	3
	0.3877
	
	0.3880
	
	0.3882
	

	4
	0.4221
	0.0344
	0.4225
	0.0345
	0.4219
	0.0337

	5
	0.4552
	0.0331
	0.4535
	0.0330
	0.4558
	0.0339

	6
	0.4662
	0.0110
	0.4768
	0.0233
	0.4572
	0.0014

	7
	0.481
	0.0148
	0.4897
	0.0129
	0.4886
	0.0314


Identification of the best clustering method
To find the best clustering methods among K-means, Ward’s Method + K-means, and SOM, we calculate the value of Q(CS), the quality index of clustering solution, presented by all these three clustering methods as shown in Table 2. What features the minimum value of Q(CS) is judged as the best one in this study. SOM outperforms K-means by only a small margin.
Table 2 The results for quality of cluster solutions
	clustering into 5 segments
	K-Means
	Ward’s Method + K-Means 
	SOM

	Q(CS) value
	0.18434
	0.20501
	0.18265


The procedure to measure customer innovativeness and construct predictive model 

From the result of the quantitative analysis, the best accurate segmentation result comes from the method based on the SOM neural network, thus, the segments formed by SOM is selected for further study. The customer needs patterns presented in each segment come up with the valuable information about customers’ preference for certain product features and the accrued benefits. It allows the company to gain insight of customers’ propensity in adopting products/services out of company innovation and entrepreneurship. Company may as well to develop the products/services that customers in all segments demand to secure the opportunity of mass market, and make a profit to support the R&D efforts that leads to the development of the items that innovator and early majority customers prefer and are willing to buy. It is also very important to know the demographics of the customers in each segment, including age, gender, occupation, educational background, income, marital status, and number of children. Analysis on the demographics of each segment not only reveals the customer innovativeness but also help company to construct a customer or prospect behavior predictive model. Figure 4 indicates the procedure to construct the predictive model by taking advantage of MLP neural network.
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Figure 4 The procedure to measure customer innovativeness and construct predictive model
   The importance of understanding customer response to innovation and measuring customer innovativeness has been well recognized by firms, especially the companies with entrepreneurship. However, the literature in research largely expresses concerns about customer knowledge discovery in the area of innovation commercialization and run short of practical way how to make it. The procedure proposed in this paper sheds the light upon a robust approach to attack the issue. Through the CRM system, the CKM process becomes possible thanks to the information technology to support the EKM model in accelerating the pace of innovation commercialization. Soft computing approach enables the articulation of market segmentation and the construction of the customer behavior predictive model, while paving the way for accurately understanding customer response, no matter the incumbent customer or prospects, to innovation. This act makes contribution to guide the direction of innovative product development in view of market success. 
CONCLUSIONS
In this paper, some inherent limitations must be noted. For the segmentation part, first, it focuses on a product innovation case in the automotive industry. Second, the results in this study relies on a quantitative assessment based on the data from the needs pattern database. Third, the outcome should be supported by a successful clustering method. Instead of using R-Squared and Cronbach’s alpha coefficient for making a decision, this study take a different approach using the quality of clustering solution to satisfy both the segmentation quality requirement and even segment size expectation. For the customer behavior predictive modeling, although a MLP ANN model can easily construct a model there is not by no means any drawback. The biggest problem is rooted in the network architecture, how many hidden layers will be suitable? Which transform function is the appropriate? Are all input variables are necessary? To pursue the optimization of ANN architecture, introducing the genetic algorithm into the MLP ANN is one of the alternatives.
Nowadays, it is well recognized that knowledge management in technological innovation and product development is so important, whereas the potential of customer knowledge management is not so emphasized. It may be attributable to the lack of sufficient interactive bi-directional channels due to the budget concern. However, the popularity of Web 2.0 and company web site, the communication obstacle may diminish and enables the opportunity of reaching customers on individual basis in favor of the knowledge extraction.

The research objective of this study is to create a conceptual framework in how to better understand customer innovativeness. We proposed an EKM model involving elements of entrepreneurship, product knowledge, and customer knowledge, which articulately describe the roles interwoven into the innovation commercialization. We also present a robust methodology to make contribution to the domain of customer segmentation and customer predictive modeling, which is critical in the domain of customer knowledge management. Although this paper offers the discourse of CKM favor of understanding customer innovative, improvement should be done for better presentation. The direction of further research will be combining genetic algorithm with the MLP based customer behavior modeling.
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Select the segmentation method with the best quality of clustering solution








Form the customer segments based on the best segmentation methods to understand customer innovativeness 
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Train the MLP neural network by setting up parameters to construct the customer behavior predictive model 
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