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1. Academic focus and research rationale
[bookmark: _Toc164358806]1.1 Research context
Data, as the microfoundation of the digital economy, has an important economic value and role as an engine of innovation (Yaqoob et al., 2016). Globally, data has become an important resource for international competition. Mastering and utilizing data can not only bring huge business value and competitive advantages to enterprises but also occupy a favourable position in global economic and technological competition. With the accelerated iterative evolution of machine learning algorithms and computer hardware, the availability of data is growing explosively. As human society enters the era of the digital economy, the total amount of data generated worldwide has skyrocketed from less than 1ZB (trillion gigabytes) in 2009 to 33ZB in 2018, and it is predicted that the total amount of data in the world will reach 175ZB by 2025 (Coughlin, 2018). Massive data has been integrated into all aspects of production and life and has become an important element of regional economic development innovation and entrepreneurship (Naeem et al., 2022). Countries around the world have been laying out their economic development strategies around big data, intending to lead the future technological revolution. For example, the United States issued a White Paper on Big Data in 2014, explicitly supporting data-driven innovation and entrepreneurship in an attempt to create new development dynamics to maintain international competitiveness; in 2021, the German government issued the Federal Government's Data Strategy, which aims to increase the application of big data in the fields of business transformation and entrepreneurship, making Germany a leader in the commercial application of big data in Europe (Huadong, 2018). 
China Internet Network Information Center (CNNIC) (2021) shows that in 2020, the amount of data generated in China for the whole year reached 6.6 ZB, an increase of 29.4 per cent over the same period of the previous year. It accounted for 9.9 per cent of the total global data volume, ranking second in the world after the United States with 16ZB. While China's data volume has grown significantly, it has also demonstrated immeasurable value-creation capabilities. China's investment in the Big Data market reached $17bn by 2022 and is forecast to double by 2026 to $36.49bn overall (China Internet Watch, 2023). In terms of the global market, it is predicted that due to the year-on-year increase in the Chinese market, it will surpass the combined IT investment in the Asia-Pacific region (excluding China and Japan) in 2024, and will account for 8% of the global investment in 2026 (China Internet Watch, 2023). China's national policy emphasis and investment in big data will further boost the growth of the big data market in China. In recent years, the release of digital China, data elements of the theme of the policy and the establishment of various data projects, not only to meet the needs of the basic information technology construction of various industries but also to further promote the new demand for comprehensive mining of data value (Zhang et al., 2021). Data is widely and profoundly affecting the way Chinese people produce and live. China put forward the "National Big Data Strategy" in 2015, making it clear that big data is a fundamental strategic resource of the country (The National Bureau of Asian Research (NBR), 2021). In 2023, the State Council's institutional reform program was released, with plans to set up a national data bureau to undertake the functions of big data construction, management, and services, to boost the high-quality development of China's digital economy. The need to give full play to the advantages of massive data and rich application scenarios was also highlighted to provide the basis for the implementation of China's big data strategy and the development of the digital economy and also directs start-ups to seize the emerging opportunities to create new business models (The National Bureau of Asian Research (NBR), 2021).
[bookmark: _Toc164358807]1.2 Research rationale 
Throughout the world's economic development, new economic forms can often greatly promote the iterative updating of technology, subvert the industry's inherent development mode, and bring a new round of entrepreneurial boom (Link and Siegel, 2007). In the context of the prevalence of the digital economy with big data as a key production factor, the business behaviour of enterprises, changes in customer demand, and changes in the market policy environment can be presented in the form of data, and behind the huge amount of data lies the great value and market prospects, providing enormous space and potential for innovation and entrepreneurship (Obschonka and Audretsch, 2020). In recent years, big data-driven startups have been emerging, and many new enterprises have broken the time and space limitations and gained insights into market opportunities with the help of big data technology, and have continued to break through and subvert the original business model to create new value and gain high growth and strong competitiveness. 
With the continuous development and popularisation of big data technology, more and more enterprises are paying attention to the value of big data. Under the continuous promotion and policy support of the government, the layout of big data applications and exploring the path of value creation and value addition of big data to enterprises have been included in the development strategy of enterprises. In recent years, big data-driven startups have been emerging in China, and many new enterprises have constantly breaking through and subverting the original business model. For example, ByteDance has set up a matrix of APPs such as Douyin and Today's Headlines, relying on massive data and powerful arithmetic + algorithms, to obtain the "traffic code" and create a diversified mode of Internet traffic realization, which provides a successful model for short video start-ups.
However, more enterprises such as LeTV and Mobike disappeared in the entrepreneurial stage. In the face of the opportunities and challenges brought by big data, why some companies can seize the opportunity and even lead the trend to achieve great success, while some companies are short-lived and ultimately drowned in the wave of entrepreneurship, this question is worth pondering. From the existing cases of successful start-ups, the extent to which the value of big data can be tapped and the role of big data as a resource base and innovation engine is the key to entrepreneurial success. Big data is characterized by large value but low-value density, and in the face of complex and fast-growing market data, it is difficult to accurately capture the business value behind the data by relying only on traditional information technology capabilities and the individual cognitive abilities of entrepreneurs (Obschonka, 2017). In the complex and changing digital environment, new ventures need to have certain big data capabilities to gain a competitive advantage for rapid growth (Abdelli et al., 2021). Big data capabilities can help new ventures integrate and process market data, transform data into valuable information and knowledge, and identify potential entrepreneurial opportunities and new profit growth points by further analyzing the data, thus truly transforming data into wealth (Chhabra, Hassan and Shamim, 2021).
At the same time, accelerated technological change in the digital environment, changing customer needs, and continuous escalation of market competition have put forward higher requirements for the operation and development of start-ups, which means that start-ups not only need to understand what is currently happening but also need to have insights into what is about to happen (Abdelli et al., 2021). The big data capabilities not only enable descriptive analyses of data, but also predictive analyses, which can guide companies to make more scientific and rational decision-making in response to environmental changes, start-ups need to integrate internal and external digital technologies, data resources, and insightful business opportunities based on the mastered changes in the environment to make adaptive adjustments in strategic goal-setting, internal management styles, operational process updating, and business model innovation to win the space for survival and development in the uncertain competitive environment.
Therefore, big data capability is not only an important ability for enterprises to integrate and utilize big data resources but also a key capability to enable start-ups to continuously and dynamically match with the external environment. From the viewpoint of existing enterprise practice, driven by big data capability, many start-ups have achieved great benefits relying on business model innovation and even subverted the traditional business logic and led the change of the industry. However, the existing literature in academia still lacks clear answers to questions about the ways and path mechanisms of the impact of big data capabilities on the performance of start-ups. Therefore, exploring the mechanism of the influence of big data capability on the performance of start-ups is an innovative frontier scientific issue with practical significance, which needs to be analyzed in depth theoretically to provide theoretical support for explaining the above complex entrepreneurial phenomenon.


2. [bookmark: _Toc164358808]Research question, aim and objectives 
In the context of the digital economy, big data capability as a key production factor has gradually become an important part of economic development, social change, digital transformation of enterprises and entrepreneurial activities, and more and more scholars have begun to pay attention to the study of big data-driven entrepreneurship (Keyhani, 2022). For instance, Kosta, Pappas and Angelakis (2017) argued that big data enhances the knowledge and skills of entrepreneurs and other stakeholders in the entrepreneurial ecosystem to a higher level of awareness, and that data can drive decision-making to develop new avenues of socially creative innovation. However, there is a lack of detailed answers to a series of questions in academia about the conceptual connotations and essential characteristics of big data capabilities, as well as how big data capabilities act on the corporate innovation and entrepreneurship process to influence the performance of new start-ups in the digital context. In particular, research on big data capabilities in the Chinese context is relatively lagging, and most of the existing studies remain at the stage of theoretical discussion, lacking corresponding empirical analyses and tests. Although China has rich application scenarios and strong endogenous momentum to promote digital innovation and entrepreneurship, domestic research results on entrepreneurship in the context of digitalization are still relatively scarce and need to be further explored. 
As such, the research question is formulated as： how does big data compatibility impact the new venture performance in China? 
The overarching research aim here is to comprehensively investigate the impact of big data capabilities on the performance of new ventures in the Chinese market to narrow the existing gap in research and provide some managerial implications for new ventures. For the aim to be achieved, the following objectives shall be completed.
· To conduct a comprehensive and critical literature review to understand relevant concepts (big data capabilities, new venture performance, etc.) and theoretical underpins 
· To thoroughly examine the current status quo of big data adoption and big data capabilities development among new ventures in China
· To empirically evaluate the relationship between big data capabilities and various performance metrics of new ventures (e.g., revenues, sales, and innovation) in China 
· To investigate the moderating effects of other variables that may impact the relationship between big data capabilities and new venture performance in China 
· To afford strategic and actionable recommendations for new ventures in China to enhance their venture performance through effectively developing and utilizing big data capabilities based on the empirical findings of the present study and practical implications drawn from the literature review.


3. [bookmark: _Toc164358809]Literature review
[bookmark: _Toc164358810]New venture and new venture performance 
Despite the numerous academic research results on start-ups, there is no consensus on the definition of start-ups. From the existing literature, researchers usually define start-ups based on two perspectives: the organisational life cycle and the age of the firm. The organisational life cycle theory regards the enterprise as a human organism, which will also experience old age, sickness and death (Greiner, 1967). Kazanjian and Drazin (1990) argue that the development of an enterprise goes through the conceptual development, commercialisation, growth and stabilisation phases in turn and that the three phases before the development to the stabilisation phase belong to the start-up phase. McDougall, Robinson and DeNisi (1992) believe that the process of enterprise growth can be divided into three stages: start-up, adolescence and maturity, with four years from the date of establishment as the start-up stage, and 4-8 years as the adolescence stage, after which the enterprise can develop to maturity.
Chrisman, Bauerschmidt and Hofer (1998) argue that a start-up is a state presented before it has developed and matured, but there is no consistency in when each firm reaches maturity and stability, and it needs to be judged according to the life cycle in which it is situated. Defining a start-up based on the organisational life cycle is highly scientific, but it is often difficult to determine a specific time, making it more difficult to operate in practice. However, more scholars use 8 years as the delineation criterion, and enterprises with a founding time of less than 8 years are regarded as start-ups, while enterprises with a founding time of more than 8 years are mature enterprises (Zahra and Bogner, 2000).
Therefore, by combining the results of previous research and the purpose of this paper, firms with a founding time of 8 years or less are defined as start-ups. Although the definition of the concept of start-ups varies among academics, researchers generally agree that start-ups are characterised by a "nascent disadvantage", in that they lack legitimacy and reputation compared to mature firms, making it difficult for them to obtain external capital support, and that a lack of internal resources, an incomplete business model, and a weak ability to cope with competition in the market are also obstacles to the development of start-ups. are hindering factors for the development of start-ups (Wales, Gupta and Mousa, 2013). However, due to the short time of establishment and small scale of start-ups, the organisational structure of start-ups does not easily form inertia, and the characteristic of "flexibility" of start-ups is conducive to the implementation of strategic changes and corporate plans, and it is easier for them to achieve leapfrog development through disruptive innovations.
Inspired by previous studies conducted by Bouchikhi (1993), Chou et al. (2018), and Raharjo et al., (2023), this study considers start-up performance as a holistic concept, which is measured by revenue, profit, innovation and other indicators, thus reflecting the stage-by-stage results of start-ups on the one hand, and focusing on the growth process of start-ups on the other hand.
[bookmark: _Toc164358811]Big data capabilities 
The research related to big data capability is mainly supported by the theories of IT capability theory, resource-based theory and dynamic capability theory (Emmanuel and Stanier, 2016). However, it should be noted that big data capability is different from IT capability, big data capability has more powerful data analysis technology and a new generation of data software application capabilities, and big data in the context of digitalisation has the characteristics of large-scale (volume), high-speed growth (velocity), multiple structural types (variety), high value (Value), etc., and is usually used to process small samples, structured information and knowledge, and thus create value (Cuzzocrea, Saccà and Ullman, 2013; Khan et al., 2014). The traditional information analysis and processing technology usually used to deal with small samples, structured, empirical data has been difficult to adapt to, enterprises need to analyse and mine big data with the help of Hadoop, Weka, visualization software and other new data analysis tools; at the same time, the traditional information analysis technology is more descriptive analysis of the data, while the new generation of data analysis technology can be based on the results of the analysis of the market to make further predictions, which subverts the logic of strategic decision-making, specifically the strategic decision-making of the enterprise is transformed from the original strategic choice to determine the data demand to the data to determine the strategic choice (Labrinidis and Jagadish, 2012; Elgendy and Elragal, 2014; Watson, 2019). Therefore, enterprises need to perceive the changes in the external environment in real-time through data analysis and construct matching organisational structures and business processes, to optimise decision-making efficiency and improve enterprise performance.
Finally, from the point of view of data sources, the data that are integrated, analysed and applied through big data capabilities include not only the internal data generated in the process of the enterprise's own production and operation but also external data such as the environment of the industry in which the enterprise is located, customer demand, competitors' behaviours, market policy changes, etc. (Vassakis, Petrakis and Kopanakis, 2018). To sum up, and in conjunction with the research context of digital entrepreneurship in this paper, this study regards big data capability as a dynamic ability of start-ups to adapt to changes in the external environment. Specifically, big data capability is the ability of start-ups to actively apply big data technology to integrate internal and external data resources in the process of production and operation, to obtain valuable information and knowledge by analysing the data, and to realise real-time insights and forecasts of the external environment, to guide the enterprise's decision-making choices and innovation activities (Gupta and George, 2016; Lin and Kunnathur, 2019).
[bookmark: _Toc164358812]Big data capabilities and new venture performance 
The relationship between data capabilities and firm performance has received academic attention (Sun and Liu, 2020; Ciampi et al., 2021; Meng and Huang, 2022). However, existing research lacks an in-depth exploration of the path of action between big data capabilities and start-up performance, and capabilities usually need to guide specific behaviours to achieve the desired results; 
By reviewing the existing theoretical studies, it is found that the impact of firm capabilities on firm performance often needs to be realised through specific behaviours, so as a specific firm capability, big data capabilities may also affect start-up performance by guiding specific entrepreneurial behaviours. Entrepreneurial opportunities are at the core of the entrepreneurial process, and the ability to accurately identify entrepreneurial opportunities is a critical node for the survival and development of a new venture (Ardichvili, Cardozo and Ray, 2003). Digital entrepreneurship theory suggests that entrepreneurial opportunities in the digital context present fragmented and dynamic characteristics (Antonizzi and Smuts, 2020), and it is increasingly difficult to accurately identify highly fragmented and fleeting entrepreneurial opportunities by relying only on the individual cognitive abilities of entrepreneurs and traditional information technology capabilities. Big data capability improves the level of information perception and processing for enterprises, providing support for rapid and precise identification of entrepreneurial opportunities. Thus, entrepreneurial opportunity identification may be an important path for big data capabilities to influence the performance of start-ups.
Meanwhile, innovation theory suggests that business model innovation, as a new strategic competitive tool, opens a new window of opportunity for start-ups to gain competitive advantage and improve performance, while existing research confirms that big data capability is an important motivator for business model innovation and that firms with big data capability are more inclined to adopt big data technology to develop new products and services, improve operational processes and optimise business models, thus stimulating and realising business model innovation (Kraus et al., 2018; Standing and Mattsson, 2018). As a result, business model innovation plays an important role in the process of big data capabilities influencing the performance of start-ups. Given this, this paper starts from the two paths of "big data capability-entrepreneurial opportunity identification-new venture performance" and "big data capability-business model innovation-new venture performance". 
Therefore, this study attempts to explain the path of influence between big data capabilities and start-up performance by introducing two variables in the entrepreneurial process, namely entrepreneurial opportunity identification and business model innovation. On the one hand, the introduction of entrepreneurial opportunity identification explains that the use of big data capabilities to identify high-value business opportunities is the key to the successful operation of start-ups; on the other hand, the introduction of business model innovation further explains the value-creating activities of developing and utilising captured business opportunities, which leads to the process of transforming opportunities into performance. This study intends to explore the mediating mechanism of entrepreneurial opportunity identification and business model innovation in the relationship between big data capability and startup performance.

4. [bookmark: _Toc164358813]Research methodology 
As defined by Scott (2000), research is a social practice carried out by researchers, and research philosophy is an entire collection of values, beliefs, and techniques shared by researchers on what is perceived by academia as the nature of reality (ontology) and what constitutes knowledge (epistemology). Among the several philosophical paradigms predominated in social sciences research including interpretivism, positivism, realism, pragmatism, and constructivism, the one relied on by the present study is positivism (Bryman, 2016). Specifically, positivism believes that reality is stable, ordered, and objective, and thus can be observed, described, and understood from an objective point where the researcher is separated from what is being researched (Park, Konge and Artino, 2020). At the same time, positivism posits knowledge can be obtained through measurement and statistics, such as constructing social phenomena into variables to identify regularities and to form relationships between them. 
On the one hand, the review of the existing literature indicates the present research is looking at things that can be measured and quantified, e.g., venture performance by looking at sales, revenues, and innovation, making it justified to choose the positivist stance that attaches greater importance to the objectivity of facts. On the other hand, given the fact that the aim of the present study, as indicated above, is to explain the impacts of big data capabilities on new venture performance, to generalize the findings obtained from selected samples to the greater population, the positivist stance is perceived as a proper paradigm to guide the present research. 


5. [bookmark: _Toc164358814]Data collection, data analysis 
[bookmark: _Toc164358815]Data collection 
Data collection is a prerequisite for conducting empirical research, which can be categorised into primary and secondary data in terms of the source of information. Since this study aims to investigate the big data capability, entrepreneurial opportunity identification, business model innovation, entrepreneurial performance and other issues of start-ups, most of the information is difficult to obtain directly from the secondary data, and it needs to be informed by the managers who are familiar with the development and operation of the enterprises. The questionnaire survey method is the most widely used primary data collection method, which has the advantages of high data processing efficiency, authentic and reliable data sources, strong operability, and low acquisition cost.
The samples in this study are startup management and data technicians who have a more mature understanding of big data and startup performance in their own organisations. Convenience sampling will be used in this study, as the researcher will send the questionnaire to mainstream social media and startup forums in China, and the researcher will use his/her own social network to recruit potential participants.
Scientific and rigorous questionnaire design can improve the accuracy of data collection and reflect the actual situation of the test variables more realistically (Baker, 2003). To guarantee the quality of the research questionnaire, improve content validity, and reduce the impact of homology bias and other problems, this study strictly follows the following design principles (Brace, 2018).
· Fitness for purpose. Measurement items need to fit the theme of the study, and the expressed content must be able to reflect the purpose of the measurement. 
· Scientificity. Measurement items are based on the mature scales of authoritative academic journals at home and abroad as much as possible, and appropriate modifications, additions, and deletions are made according to the research context of this paper. 
· Logic. The structure of the questionnaire should follow a certain logic, the questions before and after need to be independent of each other and have relevance. The description of the measurement items should be easy to understand, clear at a glance, not beyond the cognitive level of the respondents, and avoid the use of technical terms. 
· Authenticity. The description of measurement items should fully reflect objectivity, avoiding the use of suggestive and inducing language to ensure that respondents are willing to answer truthfully.
The first part of the questionnaire is the header, which is mainly used to express the researcher's identity, convey the purpose of the questionnaire research, provide a promise of confidentiality, and guide the respondents to standardise their answers. The second part of the questionnaire is the basic information of the respondents, which mainly includes personal information of the respondents such as gender, age, education, etc., as well as the basic information of the surveyed enterprises such as the industry they belong to, the year of registration, the size of the enterprise, and the region where they are located. The third part of the questionnaire, which is also the core content of the questionnaire, mainly consists of measurement questions on variables such as big data capability, entrepreneurial opportunity identification, and business model innovation, all of which are scored by respondents according to their own actual situation using the Likert evaluation scale.
this study intends to distribute the initial questionnaire in a small batch and in a small range during the pre-survey process, and amend the questionnaire items according to the recovered questionnaires and analysed results to form the formal questionnaire. Subsequently, the formal research will be carried out, and the formal questionnaire will be distributed in multiple regions and on a large scale using a combination of online and offline methods, and the final data information of this study will be formed through the collation and screening of the recovered questionnaires.
[bookmark: _Toc164358816]Data analysis 
This study will adopt quantitative analysis, which consists of two parts: descriptive analysis as well as regression analysis. Descriptive statistical analysis, also known as the generalised measure of data, refers to the basic description of the data involved in the research sample to facilitate the researcher's initial grasp of the comprehensive characteristics of the data, laying the foundation for the development of inferential statistical analysis (Wilks, 2015). The main purpose of this part is to provide descriptive statistics on the age and gender of the respondents, their academic qualifications, the industry to which the surveyed enterprises belong, the region in which they are located, their years of experience, their size and the distribution of various variables, and the statistical indicators involved include frequency counts, percentages, means, standard deviations, skewness, kurtosis, and so on. Frequency and percentage are used to determine the distribution trend of the samples, mean and standard deviation reflect the concentration and dispersion of the sample data, and skewness and kurtosis indicate the distribution pattern of the data.
After the descriptive analysis, this study will use AMOS24.0 and SPSS24.0 software to carry out the reliability test, validity test, and common method bias test on the screened data, and then carry out the subsequent regression analysis and Bootstrap analysis on the relevant data based on determining that the sample data are of good quality, to rigorously test the hypotheses proposed in this study, and further explore the variable distribution trends based on the data analysis results and relevant theories. Based on the results of data analysis and related theories, the role of variables is further explored, and scientific and rigorous conclusions are finally formed. This study will adopt linear regression analysis to test the direct, mediating, and moderating effects in the paper and evaluate whether the model fits the measured data well by constructing regression equations and observing each parameter in the regression results. Due to the limited nature of the research sample, the characteristics and bias of the sample will have a greater impact on the hypotheses, Bootstrap analysis belongs to the parameter-free analysis method, which replaces the true distribution of the sample with the empirical distribution and overcomes the limitations of the traditional method by repeating the sampling of the observed sample many times (Davison and Hinkley, 1997).
[bookmark: _Toc164358817]Ethical consideration 
The research will only proceed if the ethical approval is obtained from the university. The information sheet will be distributed along with the questionnaire to provide participants with sufficient information to comprehend the scope of the existing research. As such, participants will be comprehensively informed of the research purpose and approach, as well as how data will be collected, analyzed, and stored. The researcher will also attach his contact details to all participants in the information sheet, to address any ethical issues or complaints arising from the research. Besides the information sheet, the researcher will obtain information consent from all participants before the completion of the questionnaire. The informed consent will include full disclosure of any potential harms or risks to participants, the methodology to be used, the treatment of data., the rights of participants to withdraw from the study, etc. To ensure confidentiality and privacy, the research will not collect any sensitive data that leads to the identification of individuals, only data pertinent to the present study will be collected. All participants will be anonymized throughout the research. 

6. [bookmark: _Toc164358818]Resource and time management 
The primary resources required to complete the research the access to relevant academic journals, books, and other publications that are essential to conduct the literature review, develop theoretical frameworks, and interpret the empirical results. Also, to facilitate the data analysis part, the research needs access to statistical analysis software, such as SPSS, and Excel. Besides, the institutional support to obtain ethical approval and the support from supervisors are perceived as necessary and valuable for the present study. The time management for the present research is demonstrated in the following table. 
	Month
	Weeks
	Tasks

	Month 1
	Week 1-4
	Define the research topic and objectives
Conduct an initial literature review to identify the research gap, and develop the theoretical frameworks (establish hypothesis)

	
	
	

	Month 2
	Week 5-8
	Refine research questions 
Refine the literature review
Develop research methodology and plan

	
	
	

	Month 3
	Week 9-12
	Conduct a pilot study at a small scale of around 15 people and revise the questionnaire based on feedback 
Start data collection 

	
	
	

	Month 4
	Week 13-16
	Analyze the main study data 
Refine the methodology 
Draft data analysis and discussion 

	Month 5
	Week 16-20
	Complete the introduction and conclusion 
Revision till submission 

	
	
	

	Supervisor Meetings
	Week 4, 8, 12, 16
	Schedule supervisor meetings to discuss progress, seek feedback, and address any concerns
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