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In the era of the global village, crowd sourcing as a new model of service outsourcing is increasingly being valued by all walks of life. This study uses the data envelopment analysis (DEA) method to explain the crowd sourcing competitiveness of service outsourcing base cities by using input-output efficiency. The crowd sourcing competitiveness among crowd sourcing base cities is organized and analyzed by collating and analyzing the data of 21 service outsourcing base cities in China from 2016 to 2019. The results show that there is no significant difference in the competitiveness of 21 service outsourcing, the overall trend is that the competitiveness of crowd sourcing is not strong, the match between input and output is not high. Comparatively speaking, Beijing, Shanghai, Nanjing, Hangzhou, Suzhou and Wuxi are more competitive in crowd sourcing. Combining with the reality of China's economic development, taking the road of crowd sourcing with Chinese characteristics is a good choice for the development of China's crowd sourcing industry.
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INTRODUCTION

The individuation of customer demand is destined to gradually increase the gap between the enterprise's traditional innovation mode focusing on internal operation and the market (Modaresnezhad et al., 2020; Wu and Gong, 2021). Eric pointed out that users are innovators, and with the popularity of the Internet, this trend will become more and more obvious (Eric, 1988). In the masterpiece “The world is flat,” Friedman pointed out that enterprises complete non-core businesses with the help of external forces through outsourcing (Friedman, 2006). Wired magazine published an article by Jeff Howe, which first mentioned the concept of crowd sourcing, which is a new model for the development of service outsourcing. Howe pointed out that enterprises, institutions and even individuals outsourced the work tasks performed by employees to non-specific social mass groups in a free and voluntary manner (Howe, 2006). Crowd sourcing changes the focus of enterprise innovation model from internal operation to external acquisition. More and more enterprises realize the important value of crowd sourcing. IBM, PROCTOR, GEMBLE, BOEING and other Fortune 500 enterprises have improved their competitiveness through crowd sourcing (Shergadwala et al., 2020; Ziegler et al., 2021). The advent of the era of Globalization 3.0 promotes the rapid development of crowd sourcing mode. P & G has more than 9000 R & D personnel, but there are as many as 1.5 million external R & D personnel with the help of crowd sourcing. The main body of crowd sourcing mode includes the employer, the contractor and the intermediary. The process of crowd sourcing is generally divided into four main stages: task contracting, crowd sourcing task application, crowd sourcing task execution and crowd sourcing task completion and submission (Hou et al., 2020; Gordon, 2021). The causes of crowd sourcing are many and complex. Through literature review, it is found that scholars generally believe that the rise of the Internet, reducing costs, enhancing information symmetry, encouraging customer participation and enterprise crisis awareness are the main factors.

In recent years, crowd sourcing has been increasingly valued by the corporate world, but its research in academia is still in its infancy. Research scholars include Mandera et al. (2020), Shergadwala et al. (2020) and Deichmann et al. (2021). Through analysis, it is found that the existing research has two shortcomings: first, the research methods are mostly qualitative analysis and case description, lacking the support of empirical data; second, the research perspective directly applies the foreign crowd sourcing model to Chinese enterprises, lacking the links to the practical background of China's service outsourcing industry. Based on this, this study uses the DEA method to conduct quantitative research on the competitiveness evaluation of crowd sourcing model in 21 service outsourcing base cities, aiming to find a suitable way for the development of China's crowd sourcing industry.

The first purpose of this study is to conduct a quantitative study on the city data of 21 service outsourcing bases in China through the DEA method. The second purpose is to find the problems of crowd sourcing industry in China's main service outsourcing cities through DEA analysis. The third purpose is to provide countermeasures and suggestions for the development of crowd sourcing industry in China.



RESEARCH METHODS AND VARIABLE SELECTION


Research Methods

Data envelopment analysis (DEA) is an efficiency evaluation method proposed by the famous American operations researcher Charnes et al. (1978). The DEA method is an effective method to evaluate the efficiency of a class of decision making units (DMU) with multiple inputs and multiple outputs. With the help of mathematical programming, the DMU is projected onto the front surface of DEA, and the degree of deviation of the DMU from the front surface of DEA is compared to evaluate its relative effectiveness (Dyckhoff and Allen, 2001).

There are “n” service outsourcing base cities, namely decision-making units (DMU), each DMU has “m” input variables (Xj) and “s” output variables (Yj), V and U are weights, Xj = (X1j, X2j, …, Xmj)T, Yj = (Y1j, Y2j, …, YSj)T, V = (V1, V2,…, VM)T, U = (U1, U2,…, US)T, Xij >0, Yri > 0, Vi > 0, Ur > 0, j = 1, 2, …, n; i = 1, 2, …, s. Xij is the input quantity of the ith input variable of the jth DMU, and Yrj is the output quantity of the rth output variable of the jth DMU. Then the competitiveness evaluation index of the jth DMU is:

Ej = [image: image], j = 1,2,…,n. For the jth DMU, according to the DEA basic model C2R, there are:
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Using Charnes-Cooper fractional transformation and the dual theory of linear programming, and introducing slack variables S+ and S-, which represent the amount of output that can be increased and the amount of input that can be decreased, the dual programming model is:

[image: image]

According to DEA theory, if the optimal solution of the j0th DMU is θ*, λ*, S*+, and S*−, there are: (1) θ* = 1 and S*− = 0, S*+ = 0, then the decision-making unit j0 is DEA effective, and the DMU economic activity is both technology and scale effective; (2) θ* = 1 and S*− > 0 or S*+ > 0, then the decision-making unit j0 is weakly DEA effective, and the DMU economic activities are non-simultaneously technical and scale effective; (3) θ* < 1, the decision-making unit j0 is not valid for DEA; (4) If there is [image: image] (j = 1, 2, …, n) such that [image: image] = 1, then DMU has constant returns to scale; if [image: image] < 1, then DMU has increasing returns to scale; if [image: image] > 1, then DMU has diminishing returns to scale.



Variable Selection


The Ratio of the Number of Internet Users X1

The crowd sourcing model is a new type of service outsourcing model based on the Internet. It faces many discrete resource groups around the world. Participants who work in their spare time around the world gather in the community to provide services through the Internet. The popularity of the Internet provides a material basis for the development of crowd sourcing, eliminating the gap between time and space (Nevo and Kotlarsky, 2020). Network technology provides technical conditions for crowd sourcing (Li et al., 2021). Crowd sourcing in the Internet age is the real crowd sourcing (Donlon et al., 2020). Based on these considerations, this study takes the ratio of the number of Internet users in base cities to the number of Internet users in the country as an input variable (X1) of the DEA model.



The Ratio of the Number of Colleges X2

Crowd sourcing means the transfer and release of innovation inside the enterprise to the outside. Public participation in innovation brings new vitality to the adoption of crowd sourcing by enterprises. Innovation requires certain knowledge and skills, and new knowledge and skills can be learned through crowd sourcing (Brabham, 2008). Crowd sourcing requires group wisdom and a certain level of knowledge, which can be solved by people with different knowledge and skills (Sawhney and Prandell, 2001). Generally speaking, the gathering place and birthplace of knowledge and skills are colleges and universities, and the resources of colleges and universities have a lot of time to apply for crowd sourcing tasks and execute them (Xu et al., 2022). Based on these considerations, this study takes the ratio of the number of universities in base cities to the number of universities in the country as an input variable (X2) of the DEA model.



The Ratio of the Number of Registered Enterprises X3

As the main contractor of the crowd sourcing model, the enterprise publishes the crowd sourcing tasks to the outside world, and completes the innovation activities of the enterprise with the help of the wisdom of the outside world through the Internet. The Chinese government strongly encourages enterprises to transform and upgrade, and strive to transform from “Made in China” to “Created in China.” More and more enterprises in China are completing innovation activities through crowd sourcing. For example, Geely Automobile collects logos from all over the world, Haier collects design ideas from users, Huawei mobile phones of some components come from many countries around the world. When many companies use the crowd sourcing model to complete innovation activities, the atmosphere of “Created in China” will be stronger (Shao et al., 2012; Jaribion et al., 2021). Based on these considerations, this study takes the ratio of the number of registered enterprises in base cities to the number of registered enterprises in the country as an input variable (X3) of the DEA model.



Enterprise Asset Size Ratio X4

Large enterprises are always at the forefront of innovation and reform, and enterprises with strong assets and large scale are always aware of crowd sourcing. For example, IBM has invested 1 billion US dollars to develop a crowd sourcing model suitable for its own enterprise; BMW has opened a customer innovation laboratory, using the crowd sourcing model to provide users with online tools to help them participate in the innovative design of BMW cars (Füller et al., 2021). These companies are committed to adopting advanced business models to occupy the commanding heights of the market, and continue to complete innovative activities through the crystallization of the wisdom of the crowdsourced Haina group (Erica et al., 2020). Based on these considerations, this study takes the ratio of the base city's enterprise asset scale to the national enterprise asset scale as an input variable (X4) of the DEA model.



The Ratio of the Number of Intermediaries X5

The intermediary plays the role of building a bridge of communication between the contracting party and the contracting party. For example, AMAZON launched Mechanical Turk (Beta version), a platform for providing crowd sourcing services (Shank, 2016), INNOCENTIVE uses a competition-based online crowd sourcing innovation model platform to help multinational companies solve scientific and engineering problems (Welinder and Perona, 2010). Crowd sourcing intermediaries can assist the government in researching and formulating crowd sourcing industry policies and regulations, and can also encourage users to maintain the quality of service delivery to meet the quality requirements of enterprises. In addition, crowd sourcing intermediaries are also committed to safeguarding the intellectual property rights and information security of enterprises, and cooperating with contracting parties to formulate crowd sourcing industry strategies (Donlon et al., 2020). Based on these considerations, this study takes the ratio of the number of intermediaries in base cities to the number of intermediaries in the country as an input variable (X5) of the DEA model.



The Ratio of the Number of Regulations Related to Service Outsourcing Issued X6

China has successively introduced a number of support policies for the service outsourcing industry, including finance and taxation, talent training, employment of college students, special working hours, customs supervision, telecommunications services, financial support, intellectual property protection, and investment promotion (Cuccolo et al., 2020; Ullah et al., 2021). After nearly 30 years of hard work, China's intellectual property legal system has gradually improved. There are more than 20 laws and regulations related to intellectual property issued in China, and many regulations on information security management have also been issued, all of which have promoted service outsourcing intellectual property rights. Good development of protection and information security management. In addition, local governments in China have also issued a number of laws and regulations related to service outsourcing, aiming to promote the transformation and upgrading of the service outsourcing industry and achieve leapfrog development (Ozcan et al., 2020). Based on these considerations, this study takes the ratio of the number of regulations related to service outsourcing issued in base cities to the number of regulations related to outsourcing issued in China as an input variable (X6) of the DEA model.



Corporate Revenue Ratio Y1

To a certain extent, corporate income reflects the business performance of the company. Theoretically, under the same conditions, the income obtained by the enterprise through the crowd sourcing model, with the help of the wisdom of the outside group, should be greater than the income from innovation behind closed doors (Dissanayake et al., 2021; Lim et al., 2021). Conversely, the company's income also reflects the company's ability to crowd source and innovate. Based on these considerations, this study takes the ratio of base city enterprise income to national enterprise income as an output variable (Y1) of the DEA model.



Urban GDP Ratio Y2

Since 1985, China has used GDP to calculate the national economy, and established the theoretical basis of the national economic accounting system. Urban GDP represents the level of economic development of a city and can measure the economic development status of a city, including the economic development status of enterprises. It is an important macroeconomic indicator. Based on these considerations, this study takes the ratio of base city GDP to national GDP as an output variable (Y2) of the DEA model.





DATA ANALYSIS AND RESULTS


Instrument

This research collects relevant data of 21 service outsourcing base cities across China from 2016 to 2019. Data sources: “Service Outsourcing Network,” “China Service Outsourcing Network,” “China City Statistical Yearbook,” “China City Competitiveness of each base city Report,” “China Service Outsourcing Development Report,” “China Statistical Yearbook,” as well as data from the statistical bureaus of base cities, data from government websites, enterprise data and related documents. These 21 cities include the capital Beijing and other major cities in China. These cities are very representative in Northeast China, North China, East China, South China and southwest China. Through the DEA software and model, 21 DMU data were input and calculated, and the results are shown in Table 1.


Table 1. Analysis results.

[image: Table 1]



Results Analysis

It can be seen from Table 1 that the values of θ, scale and vrste in the six base cities of Beijing, Shanghai, Nanjing, Hangzhou, Suzhou and Wuxi are all 1, indicating that crowd sourcing in these cities is effective for DEA, and their economic activities are both technological and The scale is effective, that is, the crowd sourcing performance of these 6 base cities is better, and the expected effect of input and output is achieved. The crowd sourcing competitiveness of these six cities in the 21 base cities is relatively strong, and crowd sourcing is basically known by enterprises and the public., with the help of crowd sourcing, it has brought expected innovation value to enterprises. Among these six cities, Beijing is the economic and political capital of China, and the remaining 5 cities are all located in the Yangtze River Delta economic belt. The degree of economic development is positively correlated. The five base cities of Xi'an, Jinan, Hefei, Changsha, and Daqing, the θ, scale, and vrste values are all not equal to 1, indicating that crowd sourcing in these cities is not effective in DEA, and the competitiveness of crowd sourcing is relatively weak, and their economic activities are also technical Compared with the scale, the efficiency is not high, and the expected effect of crowd sourcing of input and output has not yet been achieved. Enterprises, governments and other organizations can jointly improve the crowd sourcing competitiveness of these five base cities. First, enterprises should improve their own technical performance. Second, it is the government and other organizations that need to coordinate the layout and policy guidance and support. The third is to combine local advantages into the crowd sourcing model to try to develop with characteristics. The fourth is to improve the competitiveness of crowd sourcing by improving the input ratio or output ratio of resources.

The five cities of Tianjin, Chongqing, Harbin, Chengdu and Nanchang have a vrste value of 1, while the θ and scale values are not 1, indicating that the crowd sourcing input resources of these base cities have been fully utilized and have certain potential for crowd sourcing. competitiveness, but the overall technical performance has not yet reached the optimization of input and output. The methods for these five base cities to improve the competitiveness of crowd sourcing are as follows: first, to strengthen the demonstration effect of leading enterprises; second, to increase the effect of crowd sourcing industry clusters; third, to guide Enterprises achieve economies of scale, and then achieve optimal input and output. The five base cities of Dalian, Shenzhen, Guangzhou, Wuhan and Xiamen have a scale value of 1, while the θ and vrste values are not 1, indicating that the input and output of these cities are not optimal, which may be caused by pure technical performance. The competitiveness of crowd sourcing is weak, the government and industry may not pay enough attention to crowd sourcing, and the crowd sourcing atmosphere is not strong. The paths to improve the competitiveness of crowd sourcing are as follows: first, to increase the attention of the government and industry; second, to establish a gradual Perfect crowd sourcing incentive mechanism and evaluation preparation system; third, enterprises improve the overall technical efficiency of input resources.

Through the statistics and analysis of the data in Table 1, the DEA competitiveness statistics of each base city are obtained, as shown in Table 2.


Table 2. Results DEA competitiveness statistics.

[image: Table 2]

It can be seen from Table 2 that the mean value of θ is 0.6313. It can be considered that nearly 37% of the resource input and output of each base city have not achieved the expected effect, and the overall crowd sourcing performance of each base city needs to be further improved. It is considered that without considering the ineffectiveness of pure technical efficiency, the ratio of the low crowd sourcing competitiveness of each base city due to factors such as its own scale is close to 21%; The ratio of cities with low crowd sourcing competitiveness due to inappropriate resource allocation is close to 25%. The mean values of Scale and vrste are not much different. It can be considered that the gap between the scale efficiency of crowd sourcing and the efficiency of resource allocation in 21 base cities in China is not very large. The Stdev values of θ, scale and vrste are not large, indicating that there is no significant difference in the crowd sourcing competitiveness among individuals in the 21 base cities.




DISCUSSIONS AND IMPLICATIONS


Research Discussions

The Internet 3.0 era is the era of service outsourcing, and more importantly, the era of crowd sourcing. Actively understanding and participating in crowd sourcing will enable enterprises to be at the forefront of innovation. With the help of data envelopment analysis method, this study organizes and analyzes the data of 21 service outsourcing base cities in China from 2016 to 2019, and uses input-output efficiency to explain the crowd sourcing competitiveness of service outsourcing base cities. Unfortunately, from the survey, we found that the overall trend of Chinese enterprises is that crowd sourcing is not very competitive, and the input and output have not been able to exert the maximum effect. Many enterprises have no strong awareness of participating in crowd sourcing. Local governments have not yet formed a crowd sourcing incentive mechanism.



Implications

This study offers useful implications from three aspects. First, when adopting the crowd sourcing model, enterprises should consider the actual background of service outsourcing in their local area to avoid low-level investment of resources and vicious competition among enterprises.

Second, local governments should actively provide policy support and guidance, and rationally deploy long-term planning. In particular, the base cities where crowd sourcing is not effective for DEA should conduct in-depth analysis and broad thinking, and establish a positive crowd sourcing service evaluation system and incentive mechanism. It is also necessary to formulate a reasonable crowd sourcing system to standardize the order of crowd sourcing enterprises.

Third, give full play to the demonstration radiation effect of crowd sourcing enterprises in the Yangtze River Delta, the Pearl River Delta and the Bohai Sea Rim Economic Circle, form a crowd sourcing atmosphere and crowd sourcing industry clusters, learn from foreign advanced crowd sourcing experience, and combine Chinese economic development to explore suitable crowd sourcing in China. The “Chinese-style” crowd sourcing road for enterprise development.



Research Limitations and Future Research

Finally, it should be pointed out that the literature review found that the research on crowd sourcing in academia is still in the exploratory stage, and there is a lack of quantitative analysis on the causes of crowd sourcing and related performance. Therefore, the research on crowd sourcing in this study is still very simple, the collected data still lacks a certain representativeness, and the selection of variables is still not comprehensive and convincing. There are still many studies in the field of crowd sourcing that have not been explored by scholars, such as the contractual relationship between crowd sourcing, crowd sourcing and human resource incentives, crowd sourcing intellectual property rights, crowd sourcing information security, and crowd sourcing model comprehensive management are still in a vacuum state. Scholars, including this research, should try from these aspects in future exploration.
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