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Abstract

:

Understanding uncertainties and assessing the risks surrounding business opportunities is essential to support the success of sustainable entrepreneurial initiatives launched on a daily basis. The contribution of this study is the identification of uncertainties surrounding opportunities in the opportunity evaluation stage of the entrepreneurial process and the examination of how the analysis and evaluation of uncertainty factors, with the help of data, can predict the future success of an organization. In the first phase, the uncertainty factors are classified based on their sources and we discuss the likely implications towards new venture success with the help of existing literatures. In the second phase, a success prediction model is implemented using machine learning techniques and strategic analysis. The model is trained in such a way that, when new data emerges, the qualitative data is transformed into quantitative data and the probability of success or failure is calculated as the result output in the pre-start-up phase. The method and findings would be relevant for nascent entrepreneurs and researchers focusing on sustainable technology entrepreneurship.
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1. Introduction


Historically, entrepreneurship research has been concentrated on entrepreneurs and their behaviors in creating new ventures. In recent years, researchers have shifted their attention towards the role of opportunities in the entrepreneurial process. Opportunities are chances that exist to meet a market need or interest through the creative combination of resources and capabilities to deliver superior value. Recognising an opportunity is an important step in the success of sustainable technology entrepreneurship [1,2]. Often, entrepreneurs seek answers to questions such as why, when, and how opportunities are created and why only some people discover these opportunities and how they exploit these entrepreneurial opportunities [3].



Small technology start-ups face intense time-pressure from the market and are exposed to tough competition, operating in a chaotic, rapidly evolving and uncertain context [4,5]. Despite many successful stories, self-destruction rather than competition drives the majority of small technology start-ups into failure within two years from their creation [6]. Many failures of new ventures are an outcome of the inability of the entrepreneurs to deal with uncertainties and bear the implications of the uncertainties. Uncertainties impinge upon almost all different stages of the entrepreneurial process, and the success or failure of firms depends upon how entrepreneurs deal with uncertainties before acting on an opportunity [7]. Uncertainties imply that the states, alternatives and preferences cannot be completely defined because of the lack of understanding about a situation [8,9]. Uncertainties may be a relative matter of subjective confidence about how the probabilities are estimated, or a case of a complete uncertainty where probabilities or outcomes are completely undefined [10]. Entrepreneurs involved in creating technology start-ups must deal with many uncertainties. Therefore, it becomes very important to study how the uncertainties and entrepreneurial intentions are related [11,12].



The environment poses both opportunities as well as threats for new venture creation [9]. In comparison with other sectors, the technology sector grows much more quickly. Thus, it is important to keep pace with technology in order to sidestep threats and grasp opportunities [13,14]. The degree of stability in the market is inversely proportional to the uncertainties in the market, and these uncertainties increase the probability of failure. Understanding the uncertainties and assessing the risks as well as the opportunities is essential to support the number of small business launched on daily basis [14]. A key part of the entrepreneurial plan is to identify the uncertainties surrounding an opportunity.



Nascent entrepreneurs face high degrees of uncertainty, and this needs to be addressed in order to recognize and exploit opportunities [15]. Without uncertainties, the projected business environment can be known perfectly, which improves the confidence of entrepreneurs [9,16]. According to Meijer [17], uncertainties have a great influence on the innovation decisions and actions of entrepreneurs. Similarly, O’Brien [18] mentions that “increased uncertainty in the entrepreneur’s target industry will decrease the probability of entry”. According to Zack [8], uncertainties can be managed and reduced by developing technical resources and capabilities to predict, infer, estimate, and learn. If the entrepreneur is able to evaluate the environment and assess potential changes, there will be a great chance to recognise viable opportunities [10].



Milliken [16] describes uncertainties as an individual’s perceived inability to predict something accurately due to the lack of sufficient information; they can be categorised into state, effect, and response uncertainties. State uncertainties refer to the lack of knowledge about current conditions and the uncertainties about the nature of general changes in state in the relevant environment at a future time [9,16]. Effect uncertainties are concerned with uncertainty about the cause and effect or the impact of unknown actions. Response uncertainties refer to the lack of knowledge about the response of the market or other relevant parties to a performed action [10,16].



Despite the rich literature in the opportunity evaluation process in entrepreneurship, only a few studies attempt to classify the uncertainties involved in early-stage entrepreneurship. Meijer [17] proposes that uncertainties can encompass political, technological, competitor, supplier, consumer and resource aspects. Brun et al. classify uncertainties into six dimensions, namely technological, political, market, reputation, organizational and resource uncertainty [19]. Hoskisson and Busenitz [10] viewed uncertainties from two orientations: external orientation, that consists of perceived market uncertainty; and internal orientation, which comprises firm capabilities and learning distance. Acknowledging the local nature of entrepreneurship, the impact of uncertainties in evaluating opportunities may differ across regions. Research shows that geographical locations, and socio-economic and cultural factors play a crucial role in the entrepreneurial activity in both developed and developing countries [20,21]. As the main motivation of the decision-maker is to reduce uncertainty, the consideration of different uncertainty factors with sufficient information can reduce uncertainties in the opportunity evaluation process [22,23]. Butler et al. [7] proposed an uncertainty absorption model focusing on the capacity of the entrepreneurs to absorb and bear uncertainties. Wallace [24] proposed a deterministic mathematical model in which sensitivity analysis is combined with parametric optimization to facilitate decision-making under uncertainty. De Koning and Muzyka [25] proposed a socio-cognitive framework of opportunity recognition by considering three cognitive activities: information gathering, thinking through talking and resource assessing through interaction with an extensive network of people. Kuechle et al. [22] conducted an experimental study to investigate the impact of prediction-based strategies and control-based strategies on the decision to undertake uncertain prospects and the extent to which this relationship is affected by the nature of the information received by the individual and found that control-based strategies are more likely to lead to the acceptance of uncertainty in the presence of favorable information and prediction-based strategies are more likely to lead in the presence of unfavorable information [26]. Erikson [27] proposed a conceptual framework by considering the general company success factors and factors driving success for companies. There exists a gap in the entrepreneurship literature between the understanding of uncertainties and how to use these uncertainty factors to evaluate an opportunity and predict success or failure in the pre-start-up phase. Our research bridges the gap by analyzing uncertainties and providing a practical application for opportunity evaluation. Moreover, there is little research on success prediction by evaluating uncertainties, even though it is widely accepted that an entrepreneur cannot act on the opportunity successfully until he addresses uncertainties surrounding the opportunity. In today’s hostile and dynamic business environment, it is vital for nascent entrepreneurs to assess the market uncertainty factors which influences business success before making a decision [28].



Our goal is to find the factors contributing to uncertainties in sustainable technology entrepreneurship and classify them based on the sources of uncertainties which influence the entrepreneurial decision to act on an opportunity. Thus, in the first phase, we classify the uncertainty factors based on their sources and discuss the likely implications towards new venture success with the help of existing literature. In the second phase, a success prediction model is implemented using machine learning techniques and strategic analysis with the help of data. The model is trained in such a way that, when new data comes in, the qualitative data is transformed into quantitative data, and the probability of success or failure is calculated as the result output in the pre-start-up phase. The particular strength of this method is to evaluate the opportunity based on unrelated factors and identify the patterns by the exploration of relations between them.




2. Methodology


Entrepreneurial opportunity is a central concept within the entrepreneurship field [29]. There are four principal activities that take place before a new business is formed—opportunity identification, opportunity evaluation, opportunity refinement, and opportunity exploitation. Even though these activities can overlap, interact and sometimes be confounded with one another, the opportunity evaluation occurs several times during the entrepreneurial process [1]. Opportunity evaluation is a critical element of the entrepreneurial process. It is a long-term process concerned with investigating and assessing the external environment to understand the risks associated with the venture [30]. Dimov [31] argues that opportunities are simply creative ideas and the potential value of the idea needs to be evaluated through opportunity evaluation process. Once an opportunity is identified, it needs to go through the evaluation process before it can be refined and exploited. Opportunity evaluation helps entrepreneurs to think beyond the current frame of reference in order to identify all the future influences associated with the perceived opportunity and thereby reduce the fear to act on it [32]. A major challenge in sustainable technology entrepreneurship is to evaluate the business opportunities in the fast-moving innovative global market [14,33]. The main barrier restricting an execution on an identified opportunity is the uncertainty or the risk. We utilize uncertainties as a method to evaluate opportunities, because these are factors which have a heavy influence on the success and growth of a firm. The evaluation of opportunities based on these factors is important in making decisions, not only for the entrepreneurs, but also for the government and other agencies promoting entrepreneurship. The purpose of the study is practical and is conducted in order to examine how the analysis and evaluation of uncertainty factors with the help of data can predict the future of an organization success.



Entrepreneurs face extreme uncertainty about how different factors influence the existing businesses in their intended industry and how other businesses perform. For nascent entrepreneurs, market analysis is considered to be the best method to assess the attractiveness of a specific industry for the enterprise and to reduce uncertainties [34]. Based on the analysis, nascent entrepreneurs can identify which are the dominant factors influencing the success and growth and how these factors contribute to the profitability and success.



Our proposed methodology consists of two stages: (1) uncertainty classification and analysis; and (2) success prediction and strategic position.



2.1. Uncertainty Classification and Analysis


In this section, we focus on the uncertainties in the opportunity evaluation stage of the entrepreneurial process, because this is the decision-making stage of the entrepreneurial process where the entrepreneur, after evaluating the strength of the perceived opportunity, decides whether to exploit or ignore an opportunity [5,10,17].



The literature on uncertainties in the entrepreneurial process of technology entrepreneurship during the opportunity evaluation stage does not have a well-defined classification. Our methodology aims to improve the understanding of uncertainties in technology entrepreneurship by classifying the uncertainty factors based on their sources. To start our classification, we follow Meijer’s [17] uncertainty classification, as it is more relevant to new technology based start-ups, and identify the factors based on those classification. The uncertainty factors from each source of uncertainties are believed to influence entrepreneurial decisions. The different sources of uncertainties in the opportunity evaluation stage of the entrepreneurial process are shown in Figure 1 and are explained in the following sub-sections.



2.1.1. Technological Uncertainty


Technological uncertainty stems from the uncertainties about the technology itself, the technological system, the availability of alternative technological solutions and the characteristics of innovations [17]. According to Moriarity and Kosnik [35], technology uncertainty is higher where the technology is new or rapidly changing. Demand for new technologies and products are highly uncertain and innovations happen in the technology industry at breakneck speed. Therefore, technological uncertainty not only relates to the uncertainty about the availability of technological infrastructure and solutions but also relates to what extent adaptations need to be made to the current technologies as a result of future changes in the existing technologies and the introduction of new and improved technologies [9,16,17,36]. The more complex a technology is, the higher the technological uncertainty will be. Technology uncertainty refers to the questions about what can be expected of a new technology or innovation in terms of price, functionality and quality [35,37]. The technology uncertainty factors are described as follows.



Technological Developments


Technological developments include the availability of current technology and the adaptability of technological changes. Often, future technology change remains largely unknown, which makes it difficult to prepare for future opportunities [2,10,16]. Uncertainty is high during the early stages of technological development. It is important to attend to the effect of uncertainty on the development process, because the actions of technology developers and adopters mutually influence each other in the early phases of the technology life cycle [17]. The emergence of a technological standard can reduce the uncertainty [10]. Although a high degree of technological uncertainty regarding the emerging technologies provides many opportunities for that a new technology has to offer, these uncertainties possess the threat of not knowing what comes next in the technological path, which can determine the success or failure of a firm [9,17,35,38,39].




Innovation Speed


Innovation speed is the time to market: the time taken from the initial development to the ultimate commercialization of products. A start-up’s key to survival is the innovation in their first product and the ability to continue to innovate and bring their product to the market faster than competitors. Even though innovation speed is an important component for technology start-ups, a service-oriented venture can also survive on good customer relations, efficiency, and cost leadership [13,40]. Companies in a position of low uncertainty are likely to be in a position to pursue innovations associated with current technology [10]. As new products as well as services are being developed, unanticipated anomalies invariably emerge, and it is very difficult to predict the receptivity of a new invention or innovation once it is released to the market [10,41].




Process and Methods


R&D and knowledge development are prerequisites within an innovation system [42]. Process innovation methods follow a protocol to use techniques capable of developing new products, deliver quality, respond to customer needs, manage projects, and innovate. It is important to understand the time to market for products and services. Process and models include traditional, agile, test and quality approaches. This includes questions regarding the product development process, platform and applications, specialised competencies, developing time, and project management skills [13].




Technological Infrastructure


The standard of technological infrastructure, such as telecommunication networks and internet technologies along with physical infrastructure, has a direct impact on the ability of the business in managing customers [27]. Availability of physical infrastructure and utilities are crucial in entrepreneurship. Access to suitable resources increases the chance to start a new venture [18]. Even though the requirement of technological infrastructure is relatively low and easily available for software ventures in comparison with other industries, it is also an important factor of evaluation because of the limited time to respond to customer needs.





2.1.2. Political Uncertainty


Political uncertainty refers to the uncertainty about governmental behavior, regimes, and policies or future change in policies. Political factors are crucial for entrepreneurial success as the government plays the role as a planner, promoter, and regulator of business firms [40]. Political decisions can impact on many important areas of business especially in terms of direct and indirect taxes, employment laws, consumer protection laws, trade restriction or reforms, safety regulations, philosophy of political parties, political power, and stability of the operating region, sales or corporate headquarters. Uncertainties in business regulations, taxation, contradiction between local and national government regulations, trade union policies, personal privacy, copyrights, intellectual property, distribution and electronic contracts can have serious impact on the decision to start a new venture [5,16,17,36]. We present the main political uncertainty factors in detail as follows.



Political Environment


Unstable or polluted political conditions, where a government changes its policies frequently, lead to uncertainty which discourages entrepreneurs to act on an opportunity. Therefore, the stability in the political environment influences uncertainty and thus influences the development of entrepreneurship [10]. Misra et al. [43] suggest that an entrepreneur in a country with fewer obstacles to launch a new business will help to start his venture within less time. Entrepreneurial growth in a country depends on the political ideology of government in making favorable policies which encourage new venture creation [41,43]. This factor also includes government policy, such as the degree of intervention in the economy, which affects a firm’s ability to be profitable and successful. Understanding the varying laws and regulations in a given region of operation is critical to avoiding unnecessary legal costs [16,17,36]. Political environment analysis includes global and international issues, trade barriers and tariffs, trade agreements, waiting time, legal structures and licensing [17,43]. The availability of external investment capital is one success factor of businesses, especially in their early stages. The level of demand within the economy is directly impacted because of the public spending by central and local government [27].




Government Support


Government support in the mode of potential subsidies and research grants can affect the rate, timing, and substance of an innovation of business [17,36]. Even though government support in the form of economic development through infrastructure development, information technology parks and incubators, flow of knowledge from public research to the productive sector through open data access, conferences, workshops, and research collaborations devoted to a specific technology topic are available in most places, most often entrepreneurs are uncertain about how to access these services [42].




Legal Procedure


Procedures to register and operate a business can influence entrepreneurship directly and indirectly. The regulations for new venture creation include a number of procedures, time, and cost [43]. Lack of formal institutional structure, extensive number of rules and regulations, requirement of detailed documentation and reports often create uncertainty and delay the venture start-up, because it requires entrepreneur’s continuing effort and time [13,43].




Inflation and Exchange Rates


A low inflation rate provides a favorable environment for new venture creation. On the other hand, high inflation rates often increase the uncertainty about the future and restrict the financial institutions to allocate resources to new ventures. They also have great influence on interest rates and exchange rates [9,43,44].




Employment Laws


The application of labor and labor-related laws in the intended operating region can have a significant impact on entrepreneurship, especially in developed countries. Even though these laws are important means of improving job quality, promoting decent work, broader economic development and growth, rigid labor protection laws are often perceived by entrepreneurs as imposing unsustainable regulatory burden and costs [43,45]. Moreover, the setting of wages according to the industry standards may not be affordable to most start-ups, especially when they need to compete with larger companies who are outsourcing many of their information technology jobs to developing countries where labor is cheap [46,47].




Taxation


Consumer spending and market demand are influenced by direct and indirect taxes. Corporate taxation has an impact on the profitability of businesses. High taxation leads more companies to outsource their service and investors lowering their risk by reducing investments [27]. High taxes that cut the capital gains and success usually discourage entrepreneurs. On the other hand, lower taxation fosters investments, generates employment opportunities and economic growth [43]. Moreover, entrepreneurs with taxation concerns may take a longer time to plan and thus increase the new venture creation time [42].




Economy


Since the information technology market is a global market, global economic trends can have a great influence in technology entrepreneurship. There is extensive evidence that economic factors play an important role in an entrepreneur’s entry decision, and they exploit opportunities that have greater expected values. Thus, entrepreneurial entry is more when there is high industry profit margins and more demand [18]. Research shows that entrepreneurial entry is more when there is high economic growth, lower unemployment and less capital is needed [3,18]. Economic factors are metrics that measure and assess the health of the country’s economy in which the business operate [18,43]. During the recession which happened in 2008–2009, the most affected industry was finance and IT, and many companies shut down, resulting in a high unemployment rate. Thus, global economic consideration is important in opportunity evaluation, especially in an uncertain context, to predict whether the targeted businesses are entering a booming economy [43].





2.1.3. Competitive Uncertainty


Competitive uncertainty refers to the lack of awareness about the competition’s actions and behavior in the rapidly-evolving market. It includes the inability to identify the competitors, their product and service offerings and the strategies they use to compete [16,36,37]. New firms are at a high risk of failure in comparison with existing firms because of the limited availability of resources and a lack of established channels with suppliers and customers. Thus, it is important for new firms to understand the competitive market in a way to react to actions of the competitors in a timely way with improved product and services [44]. We present competitive uncertainty factors in detail as follows.



Competitive Environment


Number, relative size and diversity of competitors determines the market opportunity [13]. Many uncertainties exist in entrepreneurial activities in the context of rapidly changing environments and hyper competition. Therefore, faster learning that builds on firm-specific knowledge and action is necessary [10]. If technology remains unchanged over a long time, the way competitors respond in the market is fairly stable. However, the technology is changing quickly in the IT sector, resulting in new competitors and aggressive actions of existing competitors, which is creating unstable markets [10]. Some firms open the door for substantial learning and staging for the evolving changes, while other competitors will be under-prepared for the market changes [10]. The ability to concentrate on and develop core competences makes a business successful. Core competences are a set of abilities, skills, knowledge, and expertise possessed by a business over its competitors, and they are the driving forces of a firm’s competitive strategy and competitive advantage. A software firm is always in competition with other software firms because of their easier access into the international market. Apple, Microsoft and Google survive in overlapping markets where their products partly compete for customers. The value of their products and services are partly determined by how they compete in the market which provides them a sustained competitive advantage. As long as the environment is competitive, uncertainty exists in its peak [13].




Type of Competition


Every business has competition, and this is especially true in the IT sector, even though not all competition is bad [48]. Direct competition exists when other competitors offer the same products and services and are trying to reach the same market. Indirect competitors are those who are providing different products and services but targeting the same market. At many times, the indirect competitors help in creating opportunities. Since they are targeting the same market with different products and services, there is a possibility of related products or service as well. Thus, the more indirect competitors in the target market, the more opportunities exist. The relative price, quality, and switching costs determine the power of competition [13,48]. Shi et al. [44] stressed the first-mover advantage, which is essential for start-ups; they need to respond in a timely way to the market needs and learning capability, integration capability, and responsiveness capability is crucial.




Leading Competitor


Competitive ratings of primary and secondary competitors give valuable insight into the industry, product or service offerings, changes in sales and customers. To maintain industry leadership, some firms invest largely in sustaining their current technologies and core capabilities, and most of these firms find it hard to embrace emerging innovative technologies due to their high cost and entrepreneurial energy. Some competitors have a difficulty in “envisioning” the potential of the new technology, because it changes the base of competition and competence of the incumbent leader [10,49]. Sometimes the re-creation or modification of a firm’s original concept, product or idea with improved technological innovation can lead to great success [50].




Share of Market


Most innovative companies are based on one or more products where they hold a market [13]. Reputation and recognition of the company helps to attract customers [50]. Usually, start-up firms are more uncertain than that of existing companies with an established track record of financial performance and market sales [35]. Even though the windows of opportunity are smaller in the IT sector, the rapid evolutionary growth of the IT industry provides greater frequencies of opportunities [50]. However, the entrepreneurs need to exploit the opportunities before competitors. If the main market is held by only a few companies, it is difficult to exploit an opportunity. However, many competitors provide an uncertain environment where start-ups can benefit from their products and services. First-mover innovation is important as it helps to get monopoly advantages to increase the potential market share because of rivals’ lagged responses [17,44,51].




Marketing Strategy


Business planning and marketing support are critical for the successful growth of a firm. In addition, understanding the competitors and their marketing strategies also needs careful consideration [49]. Often, an entrepreneur is uncertain about how to reach customer segments. Skinner [50] conducted investigations of ten successful ICT innovations and he found an increasing trend towards social networking as one important success factor. Even though partnership and alliances help to create distribution channels for the products as well as services, new ventures are always confused about which ones work best or which ones are most cost-efficient [13]. Uncertainty in formulating a competitive strategy in order to compete with other competitors with substitute products can affect the business in the first stage [35].





2.1.4. Customer Uncertainty


Customer uncertainty refers to the lack of knowledge about user acceptance and demand with respect to the new technology. It includes uncertainty about some macro-economic developments such as population growth, customer’s characteristics, adoption rates, potential market size, purchasing power of potential customers, market growth and their long-term development of the demand over time. [5,16,36]. For innovative products, there will be high uncertainty about the customer expectations regarding a product, its characteristics, whether it fulfils the customer needs and preferences, quality, prices, and appropriate distribution channels. In order to exploit an opportunity, an entrepreneur should understand the specific aspects of user needs [52]. The factors associated with customer uncertainty are described below.



Potential Market Size


Failure to evaluate the potential market size is one of the top reasons for the failure of start-ups [53]. Uncertainties about the volume and value of potential market size act as a barrier to bringing an idea to market. If the market size is massive, the opportunities are high, while if it is a small niche, there will be limited opportunity [54]. Sometimes, the location can have an impact on the market size. For example, the USA stands as an ideal place for ICT entrepreneurship because of the opportunistic market and large market for information technology products and innovations [50].




Segmentation


Segmentation is important in understanding who our most important customers are and for whom we are creating value, and whether they are clustered or monopolised. Demographic changes such as population, migration, age, structure, living conditions, employment status, education, income, social trends and values, social and cultural shifts can have a heavy influence on the demand of products and services as well as the buying power of customers. Even though many of them are unpredictable without published data, opportunities can be found if the entrepreneur observes the changes in the external environment [9,13,54] According to Dollinger [9], “Changes in the social values and customer tastes, as well as demographics shift the economics of industries to a new equilibrium. The markets of firms that do not adapt to these changes are fair game for the entrepreneur”.




Living Conditions


The speed of social, culture and demographic change can be expected to increase because of the improvements in communication and increased employee mobility between countries. Social factors that have impacts on the market include demographic analysis, such as population growth rate, age distribution, unemployment rates, overall education levels of the population, willingness of individuals to work or start business, job market trends, workforce immigration, cultural and social conventions, living conditions, life style changes, adoption of new technologies and services, acceptance and growth of e-commerce, provision of medical and financial services remotely, attitude towards health, career and environmental issues [40,43]. These factors do not only have impacts on the functioning of a business but also influence the ability of a firm to obtain resources, identify the opportunities and threats, and market its products and services [40].




Customer Needs


Understanding the customer needs is a crucial part of entrepreneurship and unfulfilled customer needs provide opportunity to the specific market. Rose [13] argues that the success of a company depends on the ability to recognise the customer problems and unfulfilled needs and offer products and services to each customer segment. Customer needs change day by day and new products and services are emerging fast [9,55]. It is difficult to foresee the future markets to evaluate the potential value of the opportunity [54]. The entrepreneur needs to stay informed about the changes and fulfil their customer’s needs over time to maintain its competitive advantage [49].




Purchasing Power of Potential Customers


According to Wenzel [49], “a successful business provides valued products and services to customers at a price they are willing and able to pay”. Thus, the entrepreneur needs to understand how much the customer is willing to pay or how much the competitors are charging. The number of potential customers relative to companies offering the same product or service also determines the purchasing power. The switching costs to use other products or service or use of multiple services, quantity and frequency of purchase all depend on the customers’ purchasing power [5,13,49]. In certain circumstances, people must not agree on the value of product or service, which causes uncertainty in the pricing strategy [54].




Purchase Behaviour


Customers hold different perceptions of the same reality, and these differences affect their demand and spending on products and services. The purchase behavior can be impulsive or carefully considered [9]. Ongoing products and services are the backbone of technology entrepreneurship. Many companies depend on long term projects to sustain. Thus, it is important to have an idea whether the product or service offering is sustainable or not. Understanding the market and remaining flexible to the customer’s changing needs can only lead to long-lasting business success. The key to the success of a venture is to “fulfil customers’ needs in a way that keeps attracting new customers and keeps existing customers coming back.” [49].




Alliances


Entrepreneurial opportunity often demands the seeking of partnership arrangements which help to bring together the skills and firm specific resources in order to complete partial capabilities need to realize the perceived opportunity [10]. New partnerships create further resources and new goals. The need to complement scientific brains with entrepreneurial and business ones is important because there are many evidences that these technical and commercial partnership actions help small technology ventures to achieve business success [56]. Even though interaction with potential partners and co-operating with them to develop products and competencies can boost business, it is difficult to make alliances in the early start-up stage [13].





2.1.5. Resource Uncertainty


Resource uncertainty refers to the uncertainty about the availability of financial resources and skilled human resources. Resource uncertainty is caused by the difficulty of making accurate forecasts of the resources and the capital investments that are needed for the innovation projects and innovation process such as the availability of knowledge and skills, availability of expertise, in-house and external R&D expenditures, offices, machines, technology adoption, technology transfer, educating personnel, revenue streams, and cost structure [5,16,17,36]. Questions arise regarding which kind and what quantity of key resources and activities are necessary to develop in order to execute the business; what the operating expenses will be; which resources and activities are most expensive; whether to search for key potential partners ; what channels need to be used; how costly they are; how to generate income; how much the customer pays; how they currently pay; how they prefer to pay; whether the cost is less than revenue; when the business will be profitable and so on [13,57].



As the opportunities vary over time, the resources necessary to exploit those opportunities need to be identified by analysing the market environment. Therefore, managing resources strategically needs continuous evaluation [51]. If the resource has the ability to bring value by enabling a firm to exploit opportunities or neutralize threats in the environment, it is valuable. It is important to note that since the constantly changing external and internal conditions can make the resources less valuable or useless, it is necessary to continually review the value of resources. If the sources, activities or process do not add any advantage or economic value, it is an economic disadvantage [30].



Entrepreneur’s Education and Experience


The role that individuals play in sustainable technology entrepreneurship is undeniable. Each person’s psychological, sociological, and demographic characteristics contribute to or detract from his or her abilities to be an entrepreneur. Personal experience, knowledge, education, and training are the accumulated human resources that the founder contributes to the enterprise [9]. Entrepreneurs work experience is a decisive factor to influence their potential success, and there are many works cited earlier proposing an entrepreneur’s education, prior knowledge, training and work experience as key factors in the opportunity recognition process [2,27,56,58,59]. Shane [60] argues that the ability of an entrepreneur to recognise the value of a particular technological innovation to utilise the market opportunity is based on his previous work experience in dealing with similar situations.




Social Networks


Social networks are an entrepreneur’s personal resources and networking. Most of the time, the entrepreneur is not alone and relies on a network of other people, other business people and other entrepreneurs to acquire additional resources to start his venture. “Who you know” and “who knows you” are important and valuable resources in new venture creation. This gives the entrepreneur access to resources without controlling them and thus reduces the potential risk of ownership and keeps overhead down [9]. Both internal and external social capital facilitates exploitation of entrepreneurial opportunities [51].




Capital


Capital is an important factor which allows the entrepreneur to bring together other factors and use them to produce goods or services [9,13]. Often, new firms rely on the entrepreneur’s financial resources, since funds are not readily available from other external financial sources such as banks [27]. Entrepreneurs having stronger ties to resource providers that can generate capital are more likely to exploit entrepreneurial opportunities [18]. The availability of capital and incentives in the market influences sustainable technology entrepreneurship initiatives. Along with external finance options such as domestic credit provided by banks, the availability of cost-effective borrowing opportunities such as from angel investors plays a critical role in promoting entrepreneurial ventures [43].




Skilled Human Resources


According to Koc [61], the depth and variety of skills and experiences of the employees are considered as an important element of successful innovations by the software companies examined. In technology-based firms, it is always a question regarding who the actors are, how knowledge is transferred and which role the different parties need to play to exploit opportunities [41]. Even though the entrepreneur is the driver and leader of the venture, it is true that no business succeeds without skilled and committed workforce. Finding the right kind of skills—education, training and experience—is challenging for ventures that are highly innovative and exploiting new technologies, but it has a major impact on project performance, cost and cycle time, which is crucial for new ventures to get into the market within the limited time [27]. A software firm requires the functional specialists to work on issues such as technical programming, configuration management, quality assurance, technical writing, systems engineering, hardware engineering, and is made up of people who have high quality skills and talents in specific field such as programmers, developers, project managers, architects, customer relations, sales personnel all need to work as a team [9,13,43,61].




Technological Resources


Technological resources and access to new innovative technologies are crucial in sustainable technological entrepreneurship. Technical resources are physical, intangible or legal entities which consist of process, systems and physical transformations. It includes labs, R&D facilities, testing and quality assurance technologies [9,56]. In most cases, the entrepreneur need to think of how to take advantage from open source software and the open source development model [13].




Innovation Process


Technology itself is not an innovation, and it requires the necessary knowledge to exploit it into a profitable opportunity by combining the technology with market needs [56]. The understanding of designing and improvement practices in developing innovative software solutions for a new firm is important to get into the market [13]. Shane [60] demonstrates that just one technology can create multiple business opportunities by surveying eight entrepreneurs who all exploited very different market opportunities using one original technology patent.




Intellectual Property Rights


According to Dollinger [9], new knowledge and innovations are superstars of entrepreneurial opportunity. However, having knowledge is not enough. The entrepreneur needs to find an avenue to make products out of it and hold the intellectual property as secured as possible to keep it away from the competitors copying it or protect the profits of those products from competition as the knowledge is spread to others [9]. Knowledge generated by research and development protected by patents is a resource. Therefore, knowledge is a type of intellectual property in the form of formulas, licences, trademarks, and copyrights [9,56]. The entrepreneur needs to have an understanding of the intellectual property situation—for example, patents, copyrights, open source codes in the related areas—as these act as barriers of entry for new ventures [49]. Giarratana [52] demonstrates how patent security in the encryption industry leads to two income sources from off-the-rack software products and from authorizing the license to other software organizations. Software not secured by copyright can be unreservedly duplicated, which decreases its quality for its developers. Business can limit competition to some extent by seeking patents and copyrights [13,49].




R&D Expenditures


Resources are limited during the early stages of venture creation. However, more investment is needed in the R&D process in searching for breakthrough ideas even though the entrepreneurs have only a little information and knowledge about possible investment outcomes. Thus, they face higher levels of investment uncertainty on the return on investment [10,12,42]. Entrepreneurs will face higher levels of investment uncertainty when they have little information and knowledge about possible investment outcomes.




Operating Expenses


Managing a company is very different to starting and operating it. It is also a leadership and management challenge at most times, as customers are uncertain on how they manage the expenses. Maintenance costs in the form of office rent, bills, employee wages, machines, products, market research, promotions and advertisement, and other services need to be considered before starting the entrepreneur journey [13,18].




Revenue Streams


New entrants are concerned about how and when they can generate revenue and profit and are uncertain about the potential income streams. One of the main reasons of the failure of start-ups is because they go out of business before sufficient revenue comes in [62]. The fundamental job of entrepreneurs is to create value from the opportunity, and this value can be generated from products, services, licenses, patents and so on [13].



Uncertainty classification is an initial screening mechanism to assist entrepreneurs to better understand the influence and nature of uncertainties surrounding an opportunity which can have impact on the sales, profit, innovation power and growth of the business. Table 1 lists a summary of uncertainty factors derived from the literature corresponding to each type of uncertainty which exists in the internal and external environment which are important to the creation and growth of entrepreneurial ventures. The approach we used aims to identify and categorise the factors by mapping the factors with respect to each types of uncertainty from existing literatures. Analysing the environment is the safest method to reduce the level of uncertainties, because the entrepreneur needs to think beyond the current frame of reference in order to identify all the future influences on the business and thereby reduce the fear to act on an opportunity [32]. The success prediction methodology for estimating the strength of opportunity in face of these different types of uncertainties is described in the following section.






2.2. Success Prediction Model


The success prediction model shown in Figure 2 utilizes the uncertainty factors in order to evaluate the opportunity and predict the probability of success based on the existing dataset. Here we employ data analytics and machine learning techniques to predict a firm’s success. The model is used to uncover the frequency of the relations that links the input uncertainty factors with the success or failure of a firm. Analyzing the data of other companies can help to make experience-based decisions. Decision-makers commonly use this information to drive their choices. Entrepreneurs can learn, analyze and evaluate the business success from the data of existing businesses in a particular region. Here, we try to predict the success of an opportunity by analyzing the uncertainty factors as shown in the Figure 2. This allows nascent entrepreneurs to make likelihood predictions on the basis of relevant datasets. The model consists of four main sections: data analysis, situation analysis, business rules and the predictor.



Data analysis is the process of exploring and inspecting data in order to extract useful information. Data analysis consists of four steps. Identifying and extracting the data sets of a specific domain is the first step. Data pre-processing is the next step, where the cleaning of the data to make it in the appropriate format occurs. Then, the data after pre-processing is mapped to the uncertainty factors identified in the literature. The qualitative data is converted into quantitative data before being fed into predictor. The situation analysis interface is an interactive graphical user interface that provides access to select the range of each uncertainty factor to quantify the opportunity based on the ratings and weights given to each factor, where the domain expert can evaluate the environment. This strategic interface is as a web interface where the factors are arranged in each category with text boxes next to each attribute for the domain expert to rate from 1 to 4 according to the options next to each factor as shown in Figure 3. The business rules consist of a specific set of rules to calculate the dynamism of uncertainty factors in calculating the success; for example, if the values for all uncertainty factors are not available, then the rule can be set to use only uncertainty factors or use all factors by using default weightage when calculating the strategic position. The predictor is the heart of this model, where all the mathematical calculations takes place. The predictor gives two outputs—success prediction and strategic position.



2.2.1. Success Prediction


The success prediction system is trained by giving an input based on the classified uncertainties. The approach here is to apply a machine learning algorithm to train the model, and the prediction of the success or failure depends on the input values. At the beginning, the filtered dataset is fed into the predictor to train the model with this dataset. As our explanatory factors are categorical and independent, the predictor in our model is built using a supervised classification machine learning algorithm as a statistical tool to manage uncertainty and predict the success. The success prediction system is trained by giving inputs based on the classified uncertainties. In order to choose the best machine learning algorithm, the accuracy of three main widely used classification algorithms in the area of machine learning applications for probabilistic induction, including naïve Bayes, k-NN (k-nearest neighbours) and SVM (support vector machine), is compared and identified. Naïve Bayes has a higher accuracy than the other two [66]. The naïve Bayes classification algorithm is a classification algorithm based on Bayes rule with conditional independence assumptions [67,68]. Once the “predictor” is constructed by using the training data, whenever a new data comes in, the qualitative data is transformed into quantitative data and the probability of success or failure is calculated as the result output. It computes the maximum likelihood of success or failure based on the training data distribution and predict the output accordingly.




2.2.2. Strategic Position


To find the strategic position using uncertainty factors, we use the EFE (external factor evaluation) and IFE (internal factor evaluation) matrix evaluation methods that have been extensively used in the literature to evaluate firm performance [13,69,70,71,72,73,74,75]. EFE matrix is a strategic tool to analyse the external environment, while IFE matrix examines the internal environment [69,74]. Even though these tools are not widely used in the field of sustainable entrepreneurship, they are critical tools for evaluating the strength of an opportunity by prioritizing and ranking the key external and internal factors. Moreover, these matrices provide valuable insights beyond opportunity evaluation to help the entrepreneur plan his venture’s future [70,74].



The EFE matrix factors consist of factors derived from the technological, political, competitive and customer uncertainties while the key factors derived from the resource uncertainty forms the IFE matrix [76]. The factors are given weights     w i     depending on their relevance in determining the success. Even though there is no “best” method factor weighting in sustainable entrepreneurship, researchers used a wide variety of methods for eliciting weights [3,7,24,38]. Here, the factor weights are calculated using a relevant dataset and determined by the level of importance they constitute in determining the success of the firm. In order to calculate the weightage, firstly the factor relevance score of each factor is calculated based on the factor frequency as shown in Equation (1).



The factor relevance score for a factor i is


    s  i =    n s   N      



(1)




where     n s     is the number of positive records constitute to firm success and   N   is the total number of records having factor i.



The factor weights are calculated using EFE and IFE matrix evaluation methods. The sum of all assigned factor weights in EFE as well as IFE matrices must be equal to 1 [74,77]. So the external factors and internal factors are given weights based on their relative importance with other factors using the factor relevance score     s i     as shown in Equation (2).


    w i  =    s i     ∑  i = 1  n   s i      



(2)







The factor weights     w i     can vary quite a bit, but the weights are in the range between 0 and 1 depending on the relative importance. Zero means the factor is not important, and 1 means the factor is the most influential or critical one. The values of each factor from the situation analysis interface are multiplied with its weight to find the weighted score for the factors as shown in Equation (3).


    W e  =  w i  ×  r i    



(3)




where     w i     is the weight of factor i and     r i     is the rating given by the domain expert for that factor via situation analysis interface.



Finally, in order to find the strategic position, total weighted scores from the EFE and IFE matrices are plotted as the internal–external matrix (I-E), in which the EFE matrix value is displayed on vertical axis and IFE matrix value is displayed in the horizontal axis. The meeting point of both the axis value of the position of the opportunity with the current external and internal analysis. According to the matrix evaluation methods, a total score of 2.5 is an average score based on a 1–4 rating. In EFE, a total weighted score falls below 2.5 consider as weak while above 2.5 consider as strong in position [69,72]. If y-axis and x-axis values shown in the graph are between 1 and 2.5, this represents an external threat and internal weakness, respectively, while values between 2.5 and 4 indicate an opportunity and internal strength, respectively. A low total score means the opportunity does not exist or that the chance of success is rare. [72].






3. Implementation and Dataset


The prediction model is implemented as a web interface using HTML, PHP, and JavaScript with MySQL database. The search for the datasets which can map the uncertainty factors with the firm performance lead us to the use the 2013 Victorian ICT Industry Statistics survey conducted by the Government of Victoria in Australia with 265 ICT companies as the participants as the primary dataset [78]. We select this data set because of two reasons. Firstly, the dataset measures the factors that can be matched with the uncertainty factors identified in our model. Secondly, the dataset is a survey conducted by a government body for technology companies, which is the industry focus of our research. After cleaning and filtering, a final dataset consists of 248 records was used in this study and the success is measured in terms of firm’s profitability. The survey contains of questions regarding the companies’ products and services, export regions, total revenue and so on. However, for our purpose we are only interested in how the external market factors influence the company’s success and failure.



In the first step of the uncertainty analysis stage, we extract the factors, such as Domestic Economic Environment, Global Economic Environment, Government Regulation, Access to Finance, Exchange Rates, Competitive Environment, Access to Export Market, Availability of Skilled Employees, Access to Target Market, Availability of Infrastructure, Innovative Environment and Cost of R&D from the ICT survey dataset. In the second step, the uncertainty factors identified from the literatures were matched and grouped with respect to the factors identified from the data and then categorized it as shown in Table 2.




4. Results and Discussion


As a way to validate the proposed success prediction method, we evaluate the accuracy of our model: the dataset is split into training data (80%) and test data (20%). The task of the classifier is to determine the class (success or failure) depending upon the input factor values. The training data of the classifier was to label the test data output as either a positive or a negative. This task was performed on the ICT survey data set. The experiments in this research are evaluated using the standard method of accuracy, the precision/recall method, which is calculated using the predictive classification table, known as the confusion matrix. In a binary decision problem, the classifier labels as either positive (success) or negative (failure). The confusion matrix has four categories as shown in the Table 3.



Precision is defined as the fraction of records predicted as positive that are actually positive. Recall reflects the probability of correctly predicting positive cases. Specificity is the probability of correctly predicting negative cases. The accuracy measures the probability of correctly predicting cases while the error rate represents the measure of incorrect predictions. The formulae for calculating these are shown in Table 4.



The experiments are carried out to test the model in order to determine the accuracy. For this, we execute the proposed prediction model with both the training data and test data of both the datasets using the three classification algorithms. All three algorithms were initially trained with 198 sampling units and tested with a further 49 records using the dataset, and the results were compared to find out which algorithm performs better in predicting the pre-start-up success. The results show that all three classification algorithms achieved impressive results in the classification of attribute data. However, the naïve Bayes classifier achieved the highest accuracy and lowest error rate. The results are summarized in Table 5, which shows that the naïve Bayes classifier outperforms k-NN and SVM in predicting the outcome.



The results show that the predictor implemented with the naïve Bayes algorithm can successfully predict the probability of success with relevant data sets. The success of the start-ups can be efficiently predicted if the training data set maintained with accurate information. This is an easy, efficient and less expensive method to assess the pre-start-up success using uncertainty factors with data analysis. The result is further confirmed by changing the test data set by randomly choosing some records from the training data set.



In order to evaluate the strategic position using EFE and IFE matrix methods in order to evaluate the opportunity, two cases are used (case 1 and case 2 as shown in Table 6 and Table 7). Since the importance of each source of uncertainties, the weight     w i     indicates the relative importance of the factor if a company wants to succeed in an industry. Here, we employed two domain experts from different regions to rate the factors based on their perception of external environmental situations and internal resources and capabilities. However, in reality, domain experts would be nascent entrepreneurs who would like to evaluate opportunities they have.



Here, the most important external and internal strategic factors affecting uncertainties were identified and evaluated using EFE and IFE matrices. Then, the total weighted score of EFE and IFE matrices in both cases are calculated and plotted as I-E matrix to show the strategic position, with the EFE matrix value on y axis and IFE matrix value on horizontal axis, which shows the strength of the opportunity as shown in Figure 4. In the first case, the EFE matrix outputs 2.71, signifying some growth, as any value above 2.5 is considered as probability of success. Similarly, the IFE matrix outputs 3.27 which is accepted in the literature as indicating that the resource has a higher success potential and represents a viable opportunity [69,72]. However, in the second case, the evaluation results with EFE score as 1.48 and IFE score as 1.71, meaning that the opportunity is not a viable opportunity.



The result shows that identified factors can explain the success and growth of a firm, to some extent, by exploiting the right opportunities. The results derived from the research state that the firm can be successful and have a favorable condition in future only if the opportunity has the right conditions and viable circumstances. The outcome of our model is aligned with the existing literature [9,27,69]. Thus, this opportunity evaluation model using EFE and IFE matrices to form an I-E matrix is able to correctly represent the scope of opportunity.




5. Conclusions


Decision-making under uncertainty is fundamental to the entrepreneurial process. One reason why many professionals who have the capability to manage business are not willing to start new firms is because of the surrounding uncertainties in the environment. To address this problem, we have reviewed the literature to identify factors of uncertainties that can affect the success and growth of a new venture. We extend the types of uncertainties into sources of uncertainties and we identified uncertainty factors which act as barriers for successful sustainable technology entrepreneurship. Through the investigation of the sources of uncertainty, we identified the uncertainties related to sustainable technology entrepreneurship which provide better and clear information on the possible outcomes.



It is always necessary to make decisions in the absence of perfect information. Even though decision-making under uncertainties has been discussed in many papers, it is important to identify those uncertainties specific to technology entrepreneurship and how they can be further classified based on their source. This will help decision-makers to evaluate the environment and resources before acting on an opportunity expected to make a good and more justifiable decision. This research is an initial step towards the practicality of employing data analysis methods and techniques in predicting the probability of success of start-up ventures using uncertainty factors. The research shows that uncertainties accompanied with relevant data sets can be used to measure the probability of success of the perceived opportunity using data analysis techniques in the pre start-up phase. It helps to identify the strengths, weaknesses, opportunities, and threats associated with the perceived opportunity which will benefit nascent entrepreneurs to understand the most influential factors surrounding their potential businesses. This type of analysis enables the decision-maker to identify the uncertainties that are having a high influence on the final outcome and utilize resources efficiently. It is also interesting to see the effects of these uncertainties in each stage of the entrepreneurial process and how to manage them. These are crucial in making decisions, not only for the entrepreneurs, but also for the government and other agencies promoting sustainable technology entrepreneurship.



We conclude that our success prediction model implemented with the naïve Bayes classification algorithm is an effective tool to understand the uncertainties and correctly predicts the outcome based on the available data set. The technique will also benefit nascent entrepreneurs to predict the future and understand the most influential factors in order to gain a competitive advantage and finally become a champion as expected. This study has some limitations that must be acknowledged. In this study, a dataset from a particular industry operating in a region is used to perform the analysis. It will be interesting to enrich our model using data from different industries and from different geographical locations. Even though the accuracy of our model in predicting success is quite good, we are working on techniques to improve the accuracy by modifying the machine learning algorithm. Since this research focuses more on the role of uncertainties and developing an opportunity evaluation model using uncertainties, we will leave the detailed investigation on the opportunity evaluation, using personal characteristics factors in our next-step research. The method and findings discussed in this paper would benefit nascent entrepreneurs and researchers focusing on sustainable technology entrepreneurship.
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Figure 1. Uncertainties in the opportunity evaluation stage of the entrepreneurial process. 
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Figure 2. Success prediction model. 
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Figure 3. Situation analysis interface. 
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Figure 4. Strategic position using internal–external (I-E) matrix—Case 1 (Left) and Case 2 (Right). 
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Table 1. Classification of uncertainty factors of business opportunities.
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Uncertainties

	
Uncertainty Factors

	
References






	
Technological uncertainty

	
Technological developments

	
[2,9,10,16,17,35,38,39,56]




	
Innovation speed

	
[10,13,18,39,40,41]




	
Process and methods

	
[13,42]




	
Technological infrastructure

	
[10,18,27,63]




	
Political uncertainty

	
Political environment

	
[9,10,16,17,27,36,43]




	
Government support

	
[17,32,36,42,50]




	
Legal procedure

	
[13,43]




	
Inflation and exchange rates

	
[9,13,43]




	
Employment laws

	
[45,46,47]




	
Taxation

	
[27,42,43]




	
Economy

	
[3,18,40,43]




	
Competitive uncertainty

	
Competitive environment

	
[10,13,32]




	
Type of competition

	
[13,44,48]




	
Leading competitor

	
[10,49,50]




	
Share of market

	
[13,17,35,44,50,51]




	
Marketing strategy

	
[13,35,49,50]




	
Customer uncertainty

	
Potential market size

	
[27,50,53,54,64]




	
Segmentation

	
[9,13,54]




	
Living conditions

	
[43,44,64]




	
Customer needs

	
[9,13,32,49,63,65]




	
Purchasing power of potential customers

	
[5,13,49,54,64]




	
Purchase behaviour

	
[9,13,49,57]




	
Alliances

	
[10,13,56]




	
Resource uncertainty

	
Entrepreneur’s education & experience

	
[2,27,56,58,59,60,64]




	
Social networks

	
[9,51,63]




	
Capital

	
[9,13,18,27,43,63]




	
Skilled human resources

	
[9,13,27,41,61]




	
Technological resources

	
[9,13,56,63]




	
Innovation process

	
[13,56,60,61,63]




	
Intellectual property rights

	
[9,13,49,52,56]




	
R&D expenditures

	
[10,42,63]




	
Operating expenses

	
[13,18,49,63]




	
Revenue streams

	
[13,18,62]
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Table 2. Mapping of uncertainty factors from data.
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Uncertainties

	
Uncertainty Factors—From Data

	
Uncertainty Factors—From Literature






	
Technological uncertainty

	
Innovative environment

	
Technological developments




	
Innovation speed




	
Process and methods




	
Availability of infrastructure

	
Technological infrastructure




	
Political uncertainty

	
Domestic economic environment

	
Political environment




	
Government support




	
Economy




	
Exchange rates

	
Inflation and exchange rates




	
Government regulation

	
Employment laws




	
Taxation




	
Legal procedure




	
Competitive uncertainty

	
Competitive environment

	
Competitive environment




	
Type of competition




	
Leading competitor




	
Access to target market

	
Share of market




	
Marketing strategy




	
Customer uncertainty

	
Global economic environment

	
Potential market size




	
Segmentation




	
Living conditions




	
Customer needs




	
Purchasing power of potential customers




	
Purchase behaviour




	
Access to export market

	
Alliances




	
Resource uncertainty

	
Access to finance

	
Social networks




	
Revenue streams




	
Capital




	
Availability of skilled employees

	
Skilled human resources




	
Entrepreneur’s education & experience




	
Technological resources




	
Innovation process




	
Intellectual property rights




	
Cost of R&D

	
R&D expenditures




	
Operating expenses
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Table 3. Confusion matrix.
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Predicted Condition




	
Negative

	
Positive






	
True condition

	
Negative

	
TN (True Negative): No. of correct predictions labelled as negative

	
FP (False Positive): No. of incorrect predictions labelled as positive




	
Positive

	
FN (False Negative): No. of incorrect predictions labelled as negative

	
TP (True Positive): No. of correct predictions labelled as positive
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Table 4. Definition of evaluation mnatrices.
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	Precision
	Recall
	Specificity
	Accuracy
	Error Rate





	     T P   T P + F P     
	     T P   T P + F N     
	     T N   T N + F P     
	     T P + T N   T P + T N + F P + F N     
	     F P + F N   F P + F N + T P + T N     
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Table 5. Comparison of results—ICT survey data.
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	Classifier
	Precision (%)
	Recall (%)
	Specificity (%)
	Accuracy (%)
	Error Rate (%)





	Naive Bayes
	87.87
	80.56
	69.23
	77.55
	22.45



	k-NN
	82.35
	77.78
	53.85
	71.43
	28.57



	SVM
	87.09
	75
	69.23
	73.47
	26.53
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Table 6. External factor evaluation matrix results.
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External Factor Evaluation Matrix




	

	
Case 1

	
Case 2




	
Key External Factors

	
Weight (    w i    )

	
Rating * (    r i    )

	
Weighted Score     W e  =  w i  ×  r i    

	
Weight (    w i    )

	
Rating * (    r i    )

	
Weighted Score     W e  =  w i  ×  r i    






	
Technological Developments

	
0.06

	
3

	
0.18

	
0.06

	
2

	
0.12




	
Innovation speed

	
0.06

	
1

	
0.06

	
0.06

	
1

	
0.06




	
Process and Methods

	
0.06

	
3

	
0.18

	
0.06

	
1

	
0.06




	
Technological infrastructure

	
0.03

	
2

	
0.06

	
0.03

	
1

	
0.03




	
Political Environment

	
0.06

	
3

	
0.18

	
0.06

	
1

	
0.06




	
Government Support

	
0.06

	
4

	
0.24

	
0.06

	
1

	
0.06




	
Legal procedure

	
0.04

	
4

	
0.16

	
0.04

	
2

	
0.08




	
Inflation and exchange rates

	
0.02

	
3

	
0.06

	
0.02

	
2

	
0.04




	
Employment laws

	
0.04

	
1

	
0.04

	
0.04

	
1

	
0.04




	
Taxation

	
0.04

	
1

	
0.04

	
0.04

	
2

	
0.08




	
Economy

	
0.06

	
4

	
0.24

	
0.06

	
3

	
0.18




	
Competitive environment

	
0.05

	
1

	
0.05

	
0.05

	
1

	
0.05




	
Type of competition

	
0.05

	
2

	
0.1

	
0.05

	
1

	
0.05




	
Leading Competitor

	
0.05

	
2

	
0.1

	
0.05

	
1

	
0.05




	
Share of Market

	
0.02

	
2

	
0.04

	
0.02

	
1

	
0.02




	
Marketing Strategy

	
0.02

	
3

	
0.06

	
0.02

	
3

	
0.06




	
Potential market size

	
0.04

	
2

	
0.08

	
0.04

	
1

	
0.04




	
Segmentation

	
0.04

	
4

	
0.16

	
0.04

	
1

	
0.04




	
Living conditions

	
0.04

	
4

	
0.16

	
0.04

	
1

	
0.04




	
Customer needs

	
0.04

	
3

	
0.12

	
0.04

	
1

	
0.04




	
Purchasing power of potential customers

	
0.04

	
3

	
0.12

	
0.04

	
1

	
0.04




	
Purchase behaviour

	
0.04

	
4

	
0.16

	
0.04

	
4

	
0.16




	
Alliances

	
0.04

	
3

	
0.12

	
0.04

	
2

	
0.08




	
Total

	

	

	
2.71

	

	

	
1.48








* Rating—Entered using situation analysis tool by the domain expert. Values ranging from 1 to 4. 
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Table 7. Internal factor evaluation matrix results.
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Internal Factor Evaluation Matrix




	

	
Case 1

	
Case 2




	
Key Internal Factors

	
Weight (    w i    )

	
Rating * (    r i    )

	
Weighted Score     W e  =  w i  ×  r i    

	
Weight (    w i    )

	
Rating * (    r i    )

	
Weighted Score     W e  =  w i  ×  r i    






	
Social Networks

	
0.11

	
3

	
0.33

	
0.11

	
1

	
0.11




	
Revenue streams

	
0.11

	
3

	
0.33

	
0.11

	
3

	
0.33




	
Capital

	
0.11

	
3

	
0.33

	
0.11

	
2

	
0.22




	
Skilled human resources

	
0.09

	
4

	
0.36

	
0.09

	
2

	
0.18




	
Entrepreneur’s Education and Experience

	
0.09

	
3

	
0.27

	
0.09

	
3

	
0.27




	
Technological Resources

	
0.09

	
4

	
0.36

	
0.09

	
1

	
0.09




	
Innovation process

	
0.09

	
3

	
0.27

	
0.09

	
1

	
0.09




	
Intellectual property rights

	
0.09

	
4

	
0.36

	
0.09

	
1

	
0.09




	
R&D expenditures

	
0.11

	
4

	
0.44

	
0.11

	
1

	
0.11




	
Operating Expenses

	
0.11

	
2

	
0.22

	
0.11

	
2

	
0.22




	
Total

	

	

	
3.27

	

	

	
1.71








* Rating—Entered using situation analysis tool by the domain expert. Values ranging from 1 to 4.
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