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The aim of this study is to evaluate the entrepreneurial environment of selected countries, and analyze and rank them on the basis of entrepreneurship related indicators. This study’s design comprises a review of the literature, extraction of secondary data on the phenomenon, and analysis. The research gap has been established through a review of the literature, leading toward the development of problem statement. The cross-sectional data, related to entrepreneurship indicators, is extracted from website of World Development Indicators (2021) for 48 selected countries. Using positivism as a research philosophy and deduction as a research approach, the data are analyzed through grey relational analysis (GRA). On the basis of grey relational grades, this study also classified the countries on the continuum of “much better” to “worse.” The results of the study show that the United States, United Kingdom, Japan, Australia, Hong Kong SAR, China, France and Canada attained the highest grey relational grades and are considered the countries having much better entrepreneurial environment; whereas Poland, Kuwait, Namibia and so on attained the lowest grey relational grades and are considered the countries having worst entrepreneurial environment. This research has several practical implications for different economies/countries, entrepreneurial ventures, aspiring entrepreneurial, and researchers. On the basis of findings of this study, policy makers should refine country-level entrepreneurial policies while keeping in view the respective grey relational grades.
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INTRODUCTION
Economic development is considered as a hallmark of a healthy economy. However, both developed and developing countries are struggling with the challenge of ensuring the increase in growth and the development of their economies (Awan and Sroufe, 2022). One of the most important ways to overcome this challenge is through entrepreneurship supporting policies, especially those policies that support technological innovation and lead toward the creation of high value added products and services at micro level for small or medium sized enterprises (Ács et al., 2017; Kanwal and Awan, 2021). Knowledge intensive entrepreneurial activities are assumed to be the key competitiveness of a country in this regard (Hébert and Link, 2006). Because entrepreneurial firms are innovative and resilient, that they are quite able to recover very swiftly when economic downturns take place (Wymenga et al., 2011). Kanwal and Awan (2021) argued that leveraging sustainable innovations can provide support to the entrepreneurial environment of a country. In the same way, entrepreneurial firms create new skill-based jobs, they also introduce new and innovative products and services. These beneficial outcomes of entrepreneurial activities and ventures result in the reduction of inefficiencies in the processes, and the betterment and prosperity of the economic system of these countries. A conducive entrepreneurial environment is vital for economic development. Awan (2021) argued that in this era of innovation and invention, entrepreneurial activities have become complex and challenging, but at the same time it can provide leverage in gearing up developments. Wennekers (2006) reports that it has become imperative to evaluate the country-level performance of the entrepreneurship environment. However, more theoretical evidence and interpretation is needed regarding the entrepreneurial environment of different countries. One way of addressing this issue is to rank countries with respect to the leading economies. In this regard, the Global Entrepreneurship Index (GEI) is considered as an important ranking system for the countries worldwide based on the assessment of entrepreneurial activities in those countries. It has been ranking countries since 2009, and uses individual factors for this purpose. The data that is used by GEI is mainly drawn from the Global Entrepreneurship Monitor (GEM), which is a prestigious institution and provides the individual factor-related data for ranking purposes. Although GEI provides much valuable data regarding the ranking of countries based on entrepreneurial activities and entrepreneurial environment of the countries, GEM does not provide data for all the countries worldwide that are not members to this index. In fact, limited data are available on GEI, which gives accordingly limited insights. There are other sources of country-level data, such as World Development Indicators (WDI), that provide information regarding entrepreneurial activities. A clear picture of entrepreneurial environment in different countries is needed so that the policies can be developed accordingly. There is a clear research gap of country-level analysis of entrepreneurial activities, which has motivated the authors of this paper. This study is an attempt to close the gap in the prior literature by providing theoretical support. Therefore, the objectives of the study are: 1) to evaluate entrepreneurial environment of countries; and 2) to analyze, 3) rank and 4) categorize these countries against the continuum of “much better” to “worse” on the basis of entrepreneurship related activities. To achieve these objectives, this study has considered different databases for extracting the country-level secondary data sets, and has used the techniques of analysis, ranking, and categorization. The data available on WDI is considered the most suitable because it is an authentic source of data. Therefore, the data is extracted for analysis from website of WDI. An array of techniques of data analysis is considered, such as MABAC, COPRAS, MAIRCA, FUCOM, LBWA, TOPSIS, SWARA, VIKOR, GRA, AHP and so on. However, on the basis of simplicity, comprehensiveness and appropriateness, GRA is considered to be the most suitable technique to achieve the objectives of this study (Wu, 2002; Niazi et al., 2021a; Qazi et al., 2021a; Awan, et al., 2022). Asgharnezhad and Darestani (2022) applied Dempster–Shafer theory and grey relational analysis (GRA), and found that GRA is the more robust and more reliable technique of analysis. Gerus-Gościewska and Gościewski (2022) asserted that GRA could be applied to solve practical problems related to social participation. A comparison on the basis of advantages and disadvantages was developed, and a scientific comparison was made among the competing methodologies (see Table 1).
TABLE 1 | Comparison of competing MCDM techniques.
[image: Table 1]GRA solves MCDM’s problems by aggregating all of the performance attribute values for every alternative into a single value. This is used to improve decision-making capabilities of other methods (e.g., TOPSIS, VIKOR etc.) that use only positive and negative criteria. In reality, certain cases have neither positive nor negative criteria and are presented as a number, such as “number of trademark applications.” In these cases, GRA fits best to rank the alternatives having multi-criteria by aggregating all of the criteria into a single value (Jafarzadeh Ghoushchi et al., 2020). Despite its limitations, GRA is still considered to be the most recent and preferred technique out of the available MCDM techniques to rank multi-criteria alternatives. From this comparison of MCDM approaches, the authors find that GRA is the most suitable technique to deal with the problem in hand. This is an original study because it uses a real-time authentic data set that is analyzed on scientific basis. It gives valuable information to all the stakeholders regarding entrepreneurial environment of the countries. It also makes a number of theoretical contributions by way of grey relational grades, ranking, and classification of countries. The grades, ranking, and classification have practical and theoretical implications for governments/policy makers and entrepreneurs (current and potential). The innovative value of the contribution of this study is as follows: 1) new combination of variables for assessing entrepreneurial environment, 2) better and highly reliable data set, 3) relatively recent and preferred methodology, 4) normalized composite values for ranking and comparing every alternative with the best among the set of alternatives, and 5) novel scheme of ensigns by way of classifying countries on the continuum of “much better” to “worse” entrepreneurial environment. The remainder of the paper includes a literature review, methodology, analysis, results and discussion, and conclusion.
LITERATURE REVIEW
The purpose of the current research is to rank countries based on various indicators related to entrepreneurial environment. In this context, this literature review has been conducted to analyze the present literature on the topic to identify the research gaps in the field and to bridge them. There has been considerably less research on the ranking of countries based on entrepreneurial environment but there are different indices that somehow provide an image of such ranking (e.g., GEM, GEI etc.). This literature review will explore how these indices have ranked the countries and how entrepreneurship is important on the whole. First, the prestigious entrepreneurial indices such as GEI and GEM have been reviewed, along with various indicators that are crucial for the determination of entrepreneurial environment of a country. Second, entrepreneurship is explored in the context of its importance and its various dimensions that might be important while determining of entrepreneurial environment of a country. Third, only those countries whose data is available on world development indicators are selected. Finally, the status of research conducted on entrepreneurship in the past has been reviewed. The databases explored for the purpose of literature review include Elsevier, Emerald, Sage Publications, Taylor and Francis, Springer, Wiley-Online, Google Scholar and so on. For the literature search, the important keywords used include “entrepreneurship,” “ranking,” “Global Entrepreneurship Index,” “Global Entrepreneurship Monitor” “GEI classification,” “entrepreneurial activities of countries” and so on. Initially, 67 research papers were downloaded from these databases. After an initial review of the abstracts and filtering, 37 papers were removed and only 30 were selected for the final review. The papers that were directly associated with different ranking systems, entrepreneurial indices, and indicators were selected on priority basis for review. Moreover, the papers with general importance of entrepreneurship and its role in different economies were also selected to gain a broader perspective of the topic. Those papers in which entrepreneurship was used just as one variable and did not play a major role in the implications of the research were excluded. The papers referred to in the current study are as old as 1982 and as new as 2022. A comprehensive review of the contemporary literature follows.
Indicators to assess a country’s entrepreneurship level
In the recent literature, several researches have explored different indicators and the ranking procedures on the basis of a country’s entrepreneurship environment. For example, a study was conducted based on Global Entrepreneurship and Development Index GEDI that captures the contextual feature of entrepreneurship across countries, which suggested that public policies should be more mature before entrepreneurial resource deployment (Acs and Szerb, 2010). Another related study summarized the history of GEM along with its contributions, as well as the challenges and opportunities to be faced in future (Levie et al., 2014). Cheng et al. (2021) focused on the fourth Industrial Revolution and sustainable growth, and concluded that innovation and fiscal decentralization affects entrepreneurial the environment to a great extent. A cross-national analysis based on 64 countries using fuzzy-set quantitative comparison analysis of financial, innovation, and sustainable development condition that boost entrepreneurship condition of country suggested that the entrepreneurship level of a country is related to both innovation level and country risk source (Awan, 2021; Cervelló-Royo et al., 2022). Fang et al. (2022) investigated the regional competitiveness of various nations using GRA grades and identified the critical underlying factors. Their findings reveal that India, Singapore, and Australia have regional competitive advantages where labor force and technology are considered indispensable factors for regional competitiveness. Aydemir and Sahin (2019) asserted that service quality and customer satisfaction are different structures for customers. A systemic conceptual approach was used by Kantis et al. (2020) to direct the design of entrepreneurship policies, which was based on the data of Index of Dynamic Entrepreneurship IDE. A study of the entrepreneurial indicators addresses aggregate performance indicators in national system of entrepreneurship from an efficiency viewpoint raised the necessity for policy makers to develop more comprehensive knowledge concerning their own entrepreneurial ecosystem (Dionisio et al., 2021). To find the link between aid with informal and formal entrepreneurship, Moore et al. (2020) collected data from 2016 with a sample size of 313 from 49 countries. Their findings show that there is a robust impact: bilateral aid and private aid are associated with higher level of informal entrepreneurship. To understand relation of social entrepreneurship with SEA prevalence rates, data from 49 countries were collected and analyzed on the bases of GEM methodologies of TEA, indicating that high traditional entrepreneurial countries are also high rate achievements in social entrepreneurial activities (Lepoutre et al., 2013). Stefan et al. (2021) found that cultural heritage, trademark, and the facilities offered by a specific area are considered to be important for choosing among the alternatives for entrepreneurial development, whereas the level of accessibility is not considered important for certain investment decision. The history and cultural heritage of a place are important. Considering these elements, the best investment decision alternative is found to be located near the national and European interests’ cultural heritage elements. To understand the relationship of national culture with entrepreneurial activities by measuring GDP per capita, an analysis of 52 countries’ data was conducted by Pinillos and Reyes (2011). Their results show that a country’s entrepreneurship is negatively related to individualism when development is medium or low, whereas it is positively related to individualism when the level of development is high. Meanwhile, Tasnim and Afzal (2018) examined the effect of entrepreneurship on country-level efficiency by analyzing data of 59 countries through the Tobit model and Tobit regression model. They concluded that factor driven countries are efficient, while innovation-driven economies are the most effective. Amorós et al. (2013) aimed to explain the history, accomplishments, and prospects of GEM. Initially, GEM measured countries’ entrepreneurial activity differences by way of exploring the factors that indicate entrepreneurial activity of countries and the policies for the stimulation of entrepreneurship.
Entrepreneurship and its dimensions
With the passage of time, various prospects and dimensions of entrepreneurship have evolved. For example, Qian et al. (2021) examined the support of various stakeholders (e.g., families, communities, or business partners), which helps to avoid institutional voids and foster entrepreneurship. Moreover, the adoption of digital technologies has been examined. The authors analyzed data from more than 1,000 micro-entrepreneurs in rural India. Their results indicated that both families and communities have a positive and significant effect on entrepreneurship, which is strengthened more when digital technologies used. Other similar studies have reviewed and analyzed how digital technologies foster the birth, development, and growth of new ventures, and how the companies use these technologies (Awan and Jabbour, 2022; Zahra et al., 2022). Afawubo and Noglo (2022) investigated the impact of information and communication technologies (ICTs), addressed by ICT capital services on total entrepreneurial activity (TEA) in emerging and developed nations, and found out that it is applicable in developed countries only and is not applicable in developing countries. Gu and Wang (2022) asserted that sustainable entrepreneurship is necessary to promote regional economic growth. Furthermore, sustainable entrepreneurship plays mediating role influencing regional economic growth through technical R&D and financial intermediaries play a moderating role in the first half of the path (Awan, 2021). In the context of the entrepreneurial ecosystem, the supportive role of regional governments in underdeveloped institutional environments was studied along with other related key elements. Wei (2022) collected data from China between 1993 and 2013, and found that there is positive relation between core function performing regional government and opportunity entrepreneurship growth in underdeveloped institutional environments. Afza and Rashid (2009) aimed to discover and characterize the obstacles in the environment that prevent remote entrepreneur women to grow and become successful entrepreneurs in Pakistan. They collected primary data through interviews from remote entrepreneur women from different cities of Pakistan. It was found that many barriers (e.g., sexual discrimination, limited educational opportunities and absence of self-actualization and weaker family support) prevent these women from taking advantage of growth opportunities. Baycan-Levent and Nijkamp (2009) explored the factors of migrant entrepreneurship in eight European countries. Their results indicated that open markets of European migrants are determined by some push factors, such as unemployment and low participation. Qian and Liu (2018) aimed to recognize the driving force for urban and regional economic development. The results of their multivariate regression analysis showed many positive and negative connections in cultural entrepreneurship and general startup. Bergmann (2011) aimed to explore relation of diversity in language, taxes, culture regions of Switzerland, and entrepreneurship (individual and corporates). The results indicated that there is no relationship between cultural influence due to disparities, and it was also found that there is no relationship in tax scenario of corporate and an individual’s income. To extend entrepreneurship research through an examination of sustainability, Juma et al. (2017) conducted a study in the context of a comparison of two case studies, which resulted in the proposal of fluid and integrative multi-systems model of collaboration with various stakeholders (e.g., private and public sector, and NGOs etc.). Thompson and Scott (2010) and Abereijo (2016) also analyzed the perspective of environmental entrepreneurship and sustainable development of the global entrepreneurship using different tools of analysis, and found that global entrepreneurship is developing in an unstable way. Practical solutions are offered to resolve this issue in the study of Morozova et al. (2019). Entrepreneurship and economic growth are closely linked with each other, as supported by the past researches. To find a link between economic complexity and entrepreneurship density, data was collected from 53 countries ranging from 2006 to 2016. The results indicated that there is significant casualty from economic complexity to entrepreneurship density (Nguyen et al., 2021). Cumming et al. (2014) compared the impact of entrepreneurship on GDP per capita, unemployment, exports, and patents per population. Their data were collected from World Bank, the OECD, and Compendia. The results revealed that there is a positive association of entrepreneurship with GDP per capita, exports, and patents per population, whereas there is a negative association with unemployment.
Status of entrepreneurship research
Entrepreneurship is a widely researched phenomenon with multiple dimensions and perspectives. Lin and Lasserre (2015) analyzed eight articles of a special issue of Chinese management studies in the context of China as an emerging economy. In these articles, valuable contributions to theory construction in entrepreneurship research for emerging economies were found. To analyze the dynamic input of academic foundations on technological, social, and economic development, Guindalini et al. (2021) did a bibliometric and network analyses of entrepreneurship. Their results distinguished three exceptionally interconnected research activities that characterized multidimensional features of entrepreneurship in academic setting. Ahlstrom and Ding (2014) examined the level of entrepreneurship in China and the solutions provided by entrepreneurship to the various economic issues that have arisen. Williams and Shahid (2016) aimed to advance the institutional approach by exploring the association between formalization and institutional asymmetry. The data were collected from 300 entrepreneurs from Pakistan. It was found out that most of the entrepreneurs operate fully or partially informal enterprises and only a few percentages operate fully formal enterprises. Jing et al. (2015) aimed to understand the field of international entrepreneurship. Their data were taken from SSCI and CSSCI. The authors found that the “internal force” is the main driver, while the “contextual force” has been downplayed. Whereas, in United States and Europe “contextual force” was the main driver and “internal force” become stronger after development. Lafuente et al. (2016) collected data from 63 countries for 2012 to examine how countries capitalize on their available entrepreneurial resources. They focused on existing businesses results in country-level inefficiency and their results indicated that innovation-driven economies make better use of their resources and accumulation of market potential. In a literature review of policies of entrepreneurship, Frisch et al. (2020) analyzed 47 papers about entrepreneurship in the developing world from 1993–2017. They concluded all the agendas for future work in the sense of methodologies and empirical opportunities. Yoganandan and Vasan (2022) aimed to find the level of quality of papers in the field of entrepreneurship by Indian authors, 100 research papers were analyzed through SPSS and t-test. Their results indicated that the quality of foreign research articles is better than Indian papers, multiauthor papers are better than single-author papers, but the combination of Indian and foreign research is excellent. The existing literature has a great amount of research on sustainable entrepreneurship, which indicates its importance for economic performance, and growth and its role in the development of the countries (Rosário et al., 2022). The literature also discusses various indicators and dimensions of entrepreneurship and how they are associated with entrepreneurship. Moreover, the use of entrepreneurship related variables is also evident in the literature. However, the ranking system in context of entrepreneurship is scarcely researched. Despite all of the research that has been conducted on entrepreneurship, there is gap regarding the ranking of countries based on their entrepreneurial environment, which is the main objective of the current research. To accomplish these objectives, the current study uses a grey incidence model for evaluating countries based on their entrepreneurial environment.
METHODOLOGY
Given that the purpose of this study is to rank countries based on their entrepreneurial environment through an evaluation of certain indicators, this study uses secondary data for analysis and no thoughts of the researcher are involved in the results. Therefore, it can be stated that the positivism philosophy has been utilized in this study. Moreover, the deductive approach of research has been utilized in this study because the data that we collected is quantitative and certain unknown results obtained based on the analysis. The study design comprises a review of the literature, extraction of secondary data on the phenomenon, and analysis. The population understudy comprises 49 countries, for which the data about their entrepreneurial environment/activities is available on the website of WDI. We found only 48 countries whose 1) patent applications, 2) trademark applications, 3) time required to start business and 4) new businesses registered data are available. Considering these criteria as proxy of entrepreneurial environment, this study is designed for 48 alternatives, giving equal weights to each criterion (Ertuğrul et al., 2016; Qazi et al., 2021b). In fact, the population of the study includes 137 countries that have been ranked by GEI index. From these 137 countries the, top 55 countries were taken as a sample through purposive sampling technique because only the important countries in context of entrepreneurship were required to be ranked through GRA. From the sample of 55 countries, seven were dropped because of the unavailability of complete data. Consequently, the final sample comprised of 48 countries. The overall research design is shown in Figure 1 for simplicity.
[image: Figure 1]FIGURE 1 | Research design (Source: this study).
Introducing the GRA: There are three types of systems: the first is the “white system” (where information related to the system is completely available), the second is the “black system” (where information related to the system is completely not available), and the third is the “grey system” (where information related to the system is partially available). The grey system theory was introduced by Ju-Long, (1982) to investigate grey systems. The theory has five parts namely: grey prediction, grey decision, grey control, grey programming, and grey relational analysis. Because this study has used GRA, an introduction to the process of applying the same is relevant here. The procedure, symbols, and nomenclature of GRA have been adopted from Ertuğrul et al. (2016). The abridged procedure of GRA includes 1) extraction of data, 2) normalization of data, 3) generation of reference series, 4) calculation of deviation sequence, 5) calculation of grey relational coefficients, 6) calculation of grey relational grades, and 7) generation of ranking list. As an augmentation of GRA, a classification based on grey relational grades is also introduced (Qazi et al., 2021a). Although we have adopted algorithm of GRA from Ertuğrul et al. (2016), it is still found to be beneficial to reiterate the algorithm (Annex 1).
ANALYSIS, RESULTS, AND DISCUSSION
Analysis
Applying the step-wise procedure of GRA (as previously mentioned):
Step 1: In this step a data set is created (Table 2) and a decision matrix is obtained through the following formula;
[image: image]
TABLE 2 | Original country-wise data set.
[image: Table 2]Step 2: In this step a reference and comparison series are created (Table 3) through classic rule of reference and comparison.
TABLE 3 | Reference sequence and comparable sequences.
[image: Table 3]Step 3: This step involves the development of normalized matrix (Table 4) through the following formulae; 
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For example, for United Kingdom, “maximum is the better”;
[image: image]
TABLE 4 | Normalized comparable sequences.
[image: Table 4]Step 4: The following formula is used for the calculation of deviation sequence (Table 5) in this step;
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For example, for Australia;
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TABLE 5 | Deviation sequences.
[image: Table 5]Step 5: This step involves the calculation of Grey Relational Coefficient (Table 6) on the basis of a normalized matrix through the following formula. The value of Grey Relational Coefficient is 0.5 as per literature.
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For example, for Sweden;
[image: image]
TABLE 6 | Grey relational coefficient.
[image: Table 6]Step 6: In this step, there is calculation of weighted sum of Grey Relational Grade (Table 7) through the formula;
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TABLE 7 | Grey relational grades.
[image: Table 7]For example, for Germany;
[image: image]
A method of ensigns has been introduced by the authors to represent the ranks of countries based on grey relational grades. These ensigns have been developed on the basis of an ordinal scale, which includes much better, better, somewhat better, fair, poor, somewhat worse, and worse (Basit et al., 2021; Niazi et al., 2021b). A description of all of these ensigns is given in Table 8.
TABLE 8 | Scheme of grouping the countries under different ensigns on the basis of grey relational grades.
[image: Table 8]Results
The importance of entrepreneurship cannot be denied for any country. It is also important to rank countries based on their entrepreneurial environment so that the right policies and decisions can be made. However, there has been scarcity of research in this regard. Therefore, this study has been conducted to fill that gap. This study uses four indicators as proxy of entrepreneurship environment, namely patent applications, trademark applications, new businesses registered and time required to start a business. Patent applications and trademark applications represent innovation, and thus have been used as indicators of entrepreneurial environment. New businesses registered indicates what number of entrepreneurial ventures have been started in any given year in a country. Time required to start a business indicates how easy and quick the process of entrepreneurial venture is in a country. The data on indicators have been collected in the context of 48 countries and analyzed through GRA for the purpose of ranking the countries on the basis of their entrepreneurial environment. The results presented as bold in Table 9 show the proposed ranking of the countries. Furthermore, these countries have been divided into seven categories, based on the ensign method. Countries from rank 1 to 7 are considered to have a “much better” entrepreneurial environment, countries from rank 8 to 14 are considered to have a “better” entrepreneurial environment. In the same way, countries from rank 15 to 21 are considered to have “somewhat better” entrepreneurial environment. In the case of countries from ranking 22 to 28, the entrepreneurial environment is considered to be “fair,” whereas countries from rank 29 to 35 are considered to have a “poor” entrepreneurial environment. Countries from rank 36 to 42 are considered to have a “somewhat worse” entrepreneurial environment, whereas the countries from rank 43 to 48 are considered to having the “worst” entrepreneurial environment.
TABLE 9 | Results of grey relational analysis.
[image: Table 9]Discussion
The purpose of the current research is to rank countries on the basis of their entrepreneurial environment using GRA. The data for this purpose have been collected from the World Development Indicators website and analyzed through the GRA to get the ranking of the countries. The results obtained through the analysis are in the form of ranking of the countries, which have been divided in seven groups based on the ensign method, which includes much better, better, somewhat better, fair, poor, somewhat worse and worse. The countries from rank 1 to 7 having grey relational grades of 0.94141 to 0.50911 are considered to have a “much better” entrepreneurial environment. In this group, the top country is United States with 0.94141 grade and Canada is the last with 0.50911 grade. The people in these countries are considered to have the best and developed entrepreneurial mind-set and decision-making power. These countries are best in technology and innovation, they are risk-takers and they have a clear vision about entrepreneurship developments. Next, the countries from rank 8 to 14 have grey relational grades of 0.50699 to 0.48032 and are considered to have a “better” entrepreneurial environment. In this group, the first country is Singapore having 0.50699 grade and Chile is the last having 0.48032 grade. These countries are considered to be enriched with technology and innovation. They are risk-takers and have a clear vision but they do not focus on organizing. Next, the countries from rank 15 to 21 having grey relational grades of 0.47948 to 0.46622 are considered to have a “somewhat better” entrepreneurial environment. In this group, the first country is Belgium having 0.47984 grade and Portugal is the last having 0.46622 grade. These countries are considered to be good in technology and innovation but the people are not risks-takers. They have good decision-making power and are good in organizing. Next, the countries from rank 22 to 28 having grey relational grades of 0.46463 to 0.44500 are considered to have a “fair” entrepreneurial environment. In this group, the first country is Cyprus having 0.46463 grade and Switzerland is the last having 0.44500 grade. These countries are considered to be not good in innovation but the people are risks-takers and are good in organizing. Next, the countries from rank 29 to 35 having grey relational grades of 0.44294 to 0.42906 are considered to have a “poor” entrepreneurial environment. In this group, the first country is Colombia having 0.44294 grade and Montenegro is the last having 0.42906 grade. These countries are considered to have good technology and innovation but the people are not risks-takers. They do not have a developed mind-set and are not having a clear vision. Next, the countries from rank 36 to 42 having grey relational grades of 0.42767 to 0.39012 are considered to have a “somewhat worse” entrepreneurial environment. In this group, the first country is Greece having 0.42767 grade and Costa Rica is the last having 0.39012 grade. These countries are considered to have good technology and innovation but the people are not risks-takers, do not have a developed mind-set, and are not good in organizing. Finally, the countries from rank 43 to 48 have grey relational grades of 0.38685 to 0.33375 and are considered to have “worse” entrepreneurial environment. In this group, the first country is Czech Republic having 0.38685 grade and Namibia is the last having 0.33375 grade. These countries are considered to have poor technology and less innovation. The people are not risks-takers, do not have a developed mind-set, and they are not good in organizing. The current study is compared with relevant contemporary literature, the contrast of which is represented in Table 10.
TABLE 10 | Contrasting results of the study with some studies from existing literature.
[image: Table 10]Three of the research studies seem relevant to be compared. Ertuğrul et al. (2016) focused on ranking of Turkish universities, and compared them on the basis of five different indicators using the secondary data sets and rationalized the ranking of universities. Qazi et al. (2021a) evaluated the immediate response of the countries to the COVID-19 pandemic, and then ranked and classified them on the basis of grey relational grades taking real-time data from “Worldometer.” Giannakitsidou et al. (2020) focused on the environmental and circular economic performance of European countries using data envelopment analysis, and concluded that Belgium is one of the best performers. Keeping in view the contrasting literature, this study is different in context, subject matter, data set, and methodology. It provides new insights on the phenomenon under study. However, the results of the study are sensitive to number of variables, allocation of weights to each variable, and number of alternatives available in data set. Any changes in these factors may result in different composite values of grey relational coefficients/grades, and therefore changes the rankings and ensign classification. The results may also be affected by opting for a different methodology. Therefore, the generalization of results of the study should be interpreted accordingly. However, the methodology and/or procedure used for closing the gap are robust and established enough to give reliable results (Ju-Long, 1982; Wu, 2002; Kuo et al., 2008; Jafarzadeh Ghoushchi et al., 2020).
CONCLUSION
Entrepreneurship is a well-researched concept in the recent past and in various dimensions, and is considered to be a very important concept because it has a positive impact on the economy of a country. However, there has been scarcity of research regarding the ranking of countries based on entrepreneurial environment. Although there are some indices that rank the countries on this basis, proper scientific research has not been conducted in this regard. This establishes a profound basis for the current study. To bridge this gap, data have been collected regarding the entrepreneurship related variables for 48 countries from the World Development Indicators website and analyzed using GRA. As a result of the analysis, grey relational grades are obtained. On the basis of these grades, the ranking and classification of countries is made on a scale of ‘much better’ to ‘worse’. Countries from rank 1 to 7 have grey relational grades of 0.94141 to 0.50911 and are considered to have a “much better” entrepreneurial environment. In this group, the top country is United States with 0.94141 grade and Canada is the last with 0.50911 grade. Countries from rank 8 to 14 have grey relational grades of 0.50699 to 0.48032 and are considered to have a “better” entrepreneurial environment. In this group, the first country is Singapore having 0.50699 grade and Chile is the last having 0.48032 grade. Countries from rank 15 to 21 have grey relational grades of 0.47948 to 0.46622 and are considered to have a “somewhat better” entrepreneurial environment. In this group, the first country is Belgium having 0.47984 grade and Portugal is the last having 0.46622 grade. Countries from rank 22 to 28 have grey relational grades of 0.46463 to 0.44500 and are considered to have a “fair” entrepreneurial environment. In this group, the first country is Cyprus having 0.46463 grade and Switzerland is the last having 0.44500 grade. Countries from rank 29 to 35 have grey relational grades of 0.44294 to 0.42906 and considered to have a “poor” entrepreneurial environment. In this group, the first country is Colombia having 0.44294 grade and Montenegro is the last having 0.42906 grade. Countries from rank 36 to 42 having grey relational grades of 0.42767 to 0.39012 are considered to have a “somewhat worse” entrepreneurial environment. In this group, the first country is Greece having 0.42767 grade and Costa Rica is the last having 0.39012 grade. Countries from rank 43 to 48 have grey relational grades of 0.38685 to 0.33375 and are considered to have a “worse” entrepreneurial environment. In this group, the first country is Czech Republic having 0.38685 grade and Namibia is the last having 0.33375 grade.
The current paper is valuable for stakeholders as well as readers who want to know the trend of entrepreneurship of different countries. It also has important implications for entrepreneurs, as well as for policy makers. It is a seminal study that have profound theoretical and practical implications for stakeholders. Theoretically, this study provides a framework of scanning comparative sustainable entrepreneurial environment of 48 countries (Awan, et al., 2021). It extends the frontiers of current literature by providing new information about ranking and classification of countries. It also has noteworthy practical implications for stakeholders. For policy makers, and potential and current entrepreneurs, it provides a grey incidence model for understanding current entrepreneurial policies, and for refining and devising new effective policies. For society at large and the international community, it provides lot of new information in the form of grey relational coefficients, grey relational grades, ranks, and classifications for understanding the phenomenon. This has bridged an important research gap in the literature. However, it is worth mentioning the limitations of this study. There are three different categories of limitations (i.e., methodological limitations, data limitations and resources limitations). Methodological limitations are as follows: first, the allocation of weights is done subjectively; second, we could not generate comparative analysis with MCDM techniques; finally, GRA presents trend relationship between an alternative and the ideal alternative and does not present situational relationship, which is possible with other methodologies. Data limitations are as follows: First, the number of proxy variables is limited to four only; second, this study analyzes only 48 countries due to limited availability of data; finally, this study used quantitative secondary data of entrepreneurship, whereas there are many aspects of entrepreneurship that demand purely qualitative measure (e.g., political regimes, socio-cultural factors, and cultural heritage etc.). The resources limitations are as follows: first, the authors are research scholars sitting in public sector universities and are this faced the limitation of scarcity of time; second, this study could not solicit any funding. It is recommended that future researchers should contribute to the literature by taking more countries, ideally the whole list of countries included in GEI, for the purpose of ranking. Future studies should also use different ranking tools and procedures, which have the ability to use the entrepreneurship related indicators to rank the countries accurately. Different techniques can be used in this regard (e.g., TOPSIS, Analytical Network Process, and ELECTRE etc.). Moreover, researchers should also try to find some other indicators that might be useful for ranking of countries on the basis of their entrepreneurial environment.
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ANNEX 1: GREY RELATIONAL ANALYSIS ALGORITHM
1 DEMONSTRATING THE REPRESENTATION OF ORIGINAL DATA SET
An original data set is created and demonstrated using Eq. A1
[image: image]
2 DATA PROCESSING
First l, the data (having different measurable units) must be transformed to make them comparable. For this purpose, the data values are transformed into 0–1 interval using one of the following formulae, where [image: image] and [image: image] represents original reference sequence and comparable sequence, respectively (Ertuğrul et al., 2016).
1) If the criterion for the variables is “the larger-the better,” then the data can be normalized using Eq. A2.
[image: image]
2) If the criterion for the variables is “the smaller-the better,” then the data can be normalized using Eq. A3.
[image: image]
3) If the objective is to reach a specific target value, then use Eq. A4 ([image: image] represents target value).
[image: image]
4) If there is no specific objective, then normalization can be completed by dividing reference sequence by the first value in the sequence as in Eq. A5.
[image: image]
3 CALCULATION OF GREY RELATIONAL COEFFICIENT
After transforming data into comparable form, the grey relational coefficient is calculated using Eq. A6.
[image: image]
where [image: image] is the deviation sequence (calculated using Eq. A7) between [image: image] reference values and [image: image] comparable values and the term [image: image] is distinguishing coefficient in [image: image] that usually takes a value of [image: image] in literature.
[image: image]
The largest and the smallest deviations are calculated using Eqs A8, A9.
[image: image]
[image: image]
4 CALCULATION OF GREY RELATIONAL GRADES
Grey relational grade is simply the weighted sum of grey relational coefficients and calculated using Eq. A9 [image: image]
[image: image]
The grey relational grade represents the level of correlation between the reference sequence and comparable sequence. In case of identical series, the value of grey relational grade is 1
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Country GR Grade Proposed rank Country GR Grade Proposed rank
Much better Ttaly 045125 25
United States 0.94141 1 Slovenia 045080 26
United Kingdom 0.65650 2 Bahrain 044948 27
Japan 0.58651 3 Switzerland 044500 28
Australia 052750 4 Poor

Hong Kong SAR, China 051982 5 Colombia 044294 29
France 051958 6 Spain 044198 30
Canada 0.50911 7 Israel 043626 31
Better Ireland 043563 32
Singapore 0.50699 8 Malaysia 043160 33
Denmark 0.48595 9 Ieeland 043141 34
Estonia 0.48403 10 Montenegro 042906 35
UAE 0.48336 1 Somewhat worse
Norway 048277 12 Greece 042767 36
Turkey 0.48265 13 Jordan 042708 37
Chile 0.48032 14 Saudi Arabia 040916 38
Somewhat better Finland 0.40891 39
Belgium 047948 15 Austria 039484 40
Oman 047770 16 Croatia 039027 41
Germany 0.47691 17 Costa Rica 039012 2
Latvia 0.46790 18 Worse

Lithuania 0.46767 19 Crech Republic 0.38685 43
Brunei Darussalam 0.46695 20 Slovak Republic 037996 44
Portugal 0.46622 21 Romania 036972 45
Fair Poland 036197 6
Cyprus 0.46463 2 Kuwait 036165 47
Hungary 0.45921 23 Namibia 033375 48
Sweden 0.45865 2
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Sr No. Country Patent applications Trademark Time required New businesses
applications to start registered
business
0 Reference Sequence 100000 1.00000 1.00000 1.00000
1 United States 100000 1.00000 092190 094490
2 Switzerland 0.00450 0.06486 0.83810 0.03750
4 United Kingdom 004512 0.20087 094286 1.00000
2 Singapore 000552 0.05183 1.00000 0.06371
23 Japan 0.88963 039260 081714 0.04292
47 Montenegro 0.00001 0.00272 0.80000 0.00597
18 Namibia 0.00007 0.00417 0.00000 0.00319
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Sr No. Country Patent applications Trademark Time required New businesses

applications to start registered
business
0 Reference Sequence 100000 1.00000 1.00000 1.00000
1 United States 0.00000 0.00000 007810 0.05510
2 Switzerland 099550 0.93514 0.16190 0.96250
5 Australia 099033 083330 0.01905 0.64628
22 Singapore 0.99448 0.94817 0.00000 093629
23 Japan 011037 0.60740 0.18286 095708
47 Montenegro 099999 099728 0.20000 099403

18 Namibia 099993 0.99583 1.00000 099681
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Sr No. Country Patent applications Trademark Time required New businesses

applications to start registered
business

1 United States 285,095 464,833 56 628,374

2 Switzerland 1,283 31,999 10 25,637

2 Singapore 1575 25,970 15 43,050

23 Japan 253,630 183,693 111 20243

47 Montenegro 3 3239 12 4,694

18 Namibia 21 3909 54 2,850

Source: World Development Indicators websi
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Sr No. Country Patent applications ‘Trademark Time required New businesses

applications to start registered
business

0 Reference Sequence 285,095 464,833 15 664,974

1 United States 285,095 464,833 56 628374

2 Switzerland 1283 31999 10 25,637

2 Singapore 1,575 25970 15 43,050

23 Japan 253,630 183,693 111 20243

47 Montenegro 3 3,239 12 4,694

18 Namibia 21 3,909 54 2,850





OPS/images/fenvs-10-985426-t008.jpg
Sr No.

Ensign

Much Better
Better

Somewhat Better
Fair

Poor

Somewhat Worse

Worse

Description

Countries having a grey relational grade ranging from 094141 to 0.50911 are considered as having an excellent entrepreneurial
environment

Countries having a grey relational grade ranging from 0.50699 to 0.48032 are considered as having a very good entrepreneurial
environment

Countries having a grey relational grade ranging from 0.47948 to 0.46622 are considered as having a good entrepreneurial
environment

Countries having a grey relational grade ranging from 0.46463 to 0.44500 are considered as having a satisfactory entrepreneurial
environment

Countries having a grey relational grade ranging from 0.44294 to 0.42906 are considered as having a weak entrepreneurial
environment

Countries having a grey relational grade ranging from 0.42767 to 0.39012 are considered as having a very weak entrepreneurial
environment

Countries having a grey relational grade ranging from 0.38685 to 0.33375 are considered as having the worst entrepreneurial
environment
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Sr No. Country Patent applications Trademark Time required New businesses

applications to start registered
business
0 Reference Sequence 1.00000 1.00000 1.00000 1.00000
1 United States 100000 1.00000 0.86491 090074
2 Switzerland 033434 0.34840 075540 034188
9 Sweden 033477 033684 081395 0.34905
22 Singapore 033456 0.34526 1.00000 0.34812
23 Japan 081918 045151 073222 034315
47 Montenegro 033333 033394 071429 033466

18 Namibia 033335 0.33426 033333 033404
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Grey relational grades

1.00000
0.94141
0.44500

0.47691
043626

0.50699
0.58651

0.42906
0.33375





OPS/images/cover.jpg
& frontiers | Frontiers in Environmental Science






OPS/images/fenvs-10-985426-g001.gif
Review of Identification of Research
Litrature Research Problem Objectives

l

Collection of Deductive Positivism
Quantitiive Data Approach Philosophy

l
=)

Grey Relational Establistment of
Aualysis Proposed Ranking






OPS/images/math_qu4.gif
yxnxia) = 2, Borlxa(14) - xi(14)]
025 x (037411 +0.37266 + 080153 + 035934
P





OPS/images/fenvs-10-985426-t001.jpg
s Sl Tata -yl o

degree of utlity.

3 Multi-Attributive
Ideal-Real Comparative
Analysis (MAIRCA)

MAIRCA is based on the gaps
found between ideal and empirical
ratings. The best alternative is the
one with the lowest gap.

Simple method
Requires less time
Reliable results

Applicable with other
methodologies

Relatively new

Useful when combined with
other approaches

Gigovi¢, et al. (2016);
Ecer, (2022)

4 Full consistency method
(FUCOM)

5 Level Based Weight
Assessment (LBWA)

FUCOM provides a precise
determination of the values of the
weight coefficients of all of the
elements mutually compared at a
certain level of the hierarchy.

LBWA is useful to give optimal
values of weight coefficients
through simple mathematical
apparatus that eliminates
inconsistencies in expert
preference.

Significantly smaller number
of pair-wise comparisons
than AHP

Consistency
Reliability of coefficients
Algorithm

Simple

Smaller number of pair-wise
comparisons than AHP

Reliable weight coefficients

Flexibility of incorporating all
values, not limited to integers

Relatively new

Complex due to pair-wise
comparisons

Relatively new

Complex due to pair-wise
comparisons

Unacceptable to researchers

Not widely used

Pamuéar et al. (2018)

Zizovi¢ and Pamucar,
(2019)

6 Technique for order
performance by similarity
to ideal solution (TOPSIS)

TOPSIS is a distance-based
method that works on the basic
principle of “the chosen alternative
should have the shortest distance
from the positive ideal solution
and the longest distance from the
negative ideal solution”.

Good computational
efficiency

‘The procedure remains the
same regardless of number of
alternatives

Relatively Complex

Use of Euclidean distance
ignores correlation among
attributes

Difficult to assign weights and
maintain consistency

Hwang and Yoon,
(1981); Pramanik, et al.
(2021)

~

Step-wise Weight
Assessment Ratio Analysis
(SWARA)

8 Visekriterijumska
Optimizacija 1
KOmpromisno Resenje
(VIKOR)

SWARA is used to define weights
for the main criteria and sub-
criteria where expert opinion is
highly preferred.

VIKOR provides a multi-criteria
ranking index that is based on the
measure of closeness to the ideal
solution through an algorithm that
works under compromising
situations.

Simple as it involves small
number of steps.

Effective in determining the
weights of criteria

The researcher can remove
criteria that are not effective

Useful in ranking and
selecting in case of conflicting
criteria

Useful tool when decision
‘maker cannot express their
preference for obtaini
compromise solution

Subjective judgment is involved
for weight determination

Lack of consistency measure

Relatively Complex

Gives incompatible result as
compared to other
methodologies such as TOPSIS
and COPRA

Kerduliene et al. (2010);
Majeed and Breesam,
(2021)

Opricovic, (1998);
Pramanik et al. (2021);
Hezer etal. (2021)

9 Analytic Hierarchical
Process (AHP)

AHP is used for ranking a set of
alternatives or for the selection of
the best in a set of alternatives by
using the concepts of Mathematics
and Psychology and involves pair-
wise comparisons of alternatives.

Wide range of applicability

Removes bias.

Easy to use

Offers a wide range of uses/It
has a significant drawback of
presenting many pairs of
criteria

Relatively Complex

Tedious in terms of pair-wise
comparisons

Require relatively more time for
calculations

Further verification is required

Problem of rank reversal exist

Saaty, (1977); Pramanik
et al. (2021); Awan,
etal. (2022)

10 Grey Relational
Analysis (GRA)

GRA is mainly used to conduct a
relational analysis of the

uncertainty of a system model and
the incompleteness of information.

Gives results based on original
data

Comparatively simple
methodology

Easy computations

Best for problems with
information uncertainty and
incompleteness

No limitation on sample size
and data normality

It s flexible to deal with
various multi-attribute
decision-making problems
Used to improve other

decision-making methods
such as TOPSIS, VIKOR etc.

Subjective judgment required for
weight determination

Grey relational grades present
the trend relationship between
an alternative and the ideal
alternative, and do not present
situational relationship which is
a feature of TOPSIS

Ju-Long, (1982); Wu,
(2002); Kuo et al.
(2008); Jafarzadeh
Ghoushchi et al. (2020)
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