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Abstract 
The design of their business models is decisive for the market success of entrepreneurial ventures attempting to commercialize an emerging technology. Growing evidence suggests that entrepreneurs can draw on a series of proven mechanisms, business model patterns, for business model innovation. Yet, these patterns typically only cover individual parts of a complete business model, and few have been examined in relation to start-up success. As a result, little  is known about how patterns are successfully combined for commercializing technological innovation. In this study of 730 business models from the artificial intelligence, drones, and augmented/virtual reality industry, we probe how highly successful entrepreneurial ventures combine patterns into consistent business models. Unexpectedly, we identify configurations, which are based on only three elementary patterns, i.e. Layer Player, Open Business Model, and Solution Provider and a limited number of complementary patterns to form distinct variants. Our emergent theory hence builds on three dominant business model configurations that exist across different technology domains. We thereby contribute to theoretical concepts on business models and open innovation. Knowledge on these configurations and their variants can enable practitioners to better leverage business model patterns for systematic business model innovation.
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[bookmark: _Toc536101275]Introduction
The emergence of new technologies represents one of the fundamental drivers for new venture formation. Despite disadvantages in terms of size, process maturity, or reputation, entrepreneurial ventures often manage to outcompete incumbents (Williamson, 2010). It is the development of innovative business models through which these firms change the competitive landscape and achieve superior financial performance when commercializing those technologies (Chesbrough, 2010, 2012).
A business model represents the fundamental logic through which firms create and capture value (Chesbrough, 2007). As a model (Baden-Fuller & Morgan, 2010) it represents a simplified version of operational reality and defines the essential mechanisms that explain this logic (Abdelkafi, Makhotin, & Posselt, 2013; Massa, Tucci, & Afuah, 2016). Interestingly, a business model as a model is often not unique. Various scholars have illustrated the possibility for ventures to transfer (Teece, 2010), adopt (Rumble & Mangematin, 2015), replicate (Doganova & Eyquem-Renault, 2009), or imitate (Casadesus-Masanell & Zhu, 2013) business models through controlled mental operations leveraging knowledge about concepts and relations among them from other domains (Martins, Rindova, & Greenbaum, 2015). Accordingly, Gassmann and colleagues (2016) interpret that a business model essentially represents a recombination of patterns and define the latter as a proven configuration of business model elements.
Business model patterns have received increased attention among management researchers and practitioners. The majority of works focuses on their identification in the context of particular themes, (e.g., McGrath, 2010) or sectors (e.g., Timmers, 1998). Other scholars compile comprehensive, context-independent lists, based on empirical insights (Gassmann et al., 2017) or literature (Remane, Hanelt, Tesch, & Kolbe, 2017). 
Yet, despite their valuable contribution to understand such configurations of logics for value creation and capture among entrepreneurial firms, important issues remain. First, scholars relating to theories on business model patterns provide actionable insights into transferable mechanisms, but have collectively produced a cognitively overcharging amount of patterns. Although central to their usefulness there exists little empirically grounded understanding on the innovation potential of individual patterns for varying contexts. Second, research lacks empirically robust inferences about the relationship between the content of business model design and firm performance (cfr. Eckhart, 2013). Scholars relating to theories of business model configurations (e.g., Amit & Zott, 2007; Kulins et al., 2016; Leppänen, 2017) relate business model design to firm performance but do not inquire into business model characteristics, such as patterns that would “meaningfully capture the complexity of organizational reality” (Ketchen & Shook, 1996, p.441). Taken together, these issues highlight the need for a better understanding of business model pattern configurations. 
Through this research we address this research gap by asking ‘How do entrepreneurial ventures in emerging technology domains create fitness in their business models?’ Given the theoretical and empirical limits of prior theories, we opted for a mixed methods, theory-building approach (Creswell & Plano Clark, 2017; Eisenhardt, 1989; Yin, 2014). We therefore quantitatively identify configurations of business model patterns and qualitatively interpret how fitness emerges within these configurations. Our setting is 730 high-performing entrepreneurial ventures, offering us a potentially wide variation of business model configurations that emerged from new technological developments.
Our study contributes to theory of business models and open innovation. We identify three dominant configurations based on the business model patterns Layer Player, Solution Provider, and Open Business Model (Gassmann, Frankenberger, & Csik, 2017). While ventures from different technology domains consistently combine these patterns into complete business models, individual variants that include complementary patterns are often technology-specific.
[bookmark: _Toc536101276]Theoretical Background
Business models and patterns
A business models defines the logic of how a firm “creates and delivers value to customers, and then converts payments received to profits.” (Teece, 2010, p.172). This logic is constituted by a set of interrelated elements, encompassing resources and transactions between various stakeholders (Amit & Zott, 2001; Foss & Saebi, 2018; Teece, 2018; Zott & Amit, 2010). The business model straddles both an operational and a model dimension (Casadesus-Masanell & Heilbron, 2015; Gassmann, Frankenberger, & Sauer, 2016): In the first view it depicts the complex organizational reality of doing business; it is an inherent aspect of every company (Chesbrough, 2007). In the latter view it is a simplified version of reality (Lave & March, 1993): the business model describes the elements and their linkages that constitute the essence of a firm’s value capture and creation mechanisms and drive firm performance (Baden-Fuller & Morgan, 2010; Foss & Saebi, 2017; Massa, Tucci, & Afuah, 2017). 
Business models as models exist in different forms, but their common goal is to facilitate the categorization of (obscurely ordered, individualistic) empirical realities and substitute those for analysis (Glynn & Navis, 2013; Mervis & Rosch, 1981). For instance, Amit and Zott (2001) or Chatterjee (2013) identify distinct business model design themes, such as ‘novelty’ or ‘efficiency’. Amit and Zott (2007), Kulins and colleagues (2016), or Leppänen (2017) assign memberships of sampled ventures to one or multiple-design themes (e.g. novelty-centred business models) and analyse the performance effects of membership configurations. In contrast, Sabatier and colleagues (2010) introduce the notion of ‘iconic business models’, which represent prototypical exemplars of a business model category, e.g., Amgen for business models in the biotech sector or Airbnb for platform business models of the sharing economy. A categorical prototype represents an ideal type that possesses all features to represent a category and is commonly used as the basis for the definition of necessary and sufficient membership conditions (Durand & Paolella, 2013; Hannan, 2010; King & Whetten, 2008). An iconic business model, hence, represents an innovative standard for value capture and creation mechanisms that serves as a source of inspiration and can be copied (Mikhalkina & Cabantous, 2015). 
One popular type of models refers to business model patterns. The formalized conceptualization of patterns is commonly considered to originate from the architect Christopher Alexander, who refers to patterns in architecture as the description of a reoccurring problem and the core of its solution that allows for reuse by others (Alexander, 1977). More generally, a pattern is defined as an empirically proven solution to “a recurring design problem and explains the context in which the solution is applicable” (Hanmer & Kocan, 2004, p.143). Patterns have been documented across various domains ranging from urban architecture (Alexander, 1977, 1979), to software engineering (Gamma, Helm, Johnson, & Vlissides, 1994; Hanmer & Kocan, 2004), and inventions (Altshuller, 1984, 1996). 
In the management domain, business model patterns represent successfully proven configurations of business model elements (Gassmann et al., 2017). These configurations are abstracted descriptions of empirically observable, resembling solutions of a recurring problem in a certain context (Abdelkafi, Makhotin, & Posselt, 2013; Osterwalder & Pigneur, 2010). Sometimes, business model patterns holistically refer to the complete business model logic (Timmers, 1998; Weill, Malone, D’urso, Herman, & Woerner, 2005). However, most scholars identify them as ‘building blocks’ (Gassmann, Frankenberger, & Sauer, 2016; Johnson, 2010; Osterwalder & Pigneur, 2010) or ‘specific elements’ of business models (Abdelkafi et al., 2013).
Scholars concerned with the identification of business model patterns typically describe sets of those related to specific themes (Lüdeke-Freund, Carroux, Joyce, Massa, & Breuer, 2018; McGrath, 2010) or domains, including the IoT (Fleisch, Weinberger, & Wortmann, 2014), e-commerce (Timmers, 1998), and electric mobility (Abdelkafi et al., 2013). Others, have identified generic patterns that can be found across various sectors (Andrew & Sirkin, 2007; Johnson, 2010; Linder & Cantrell, 2000; Osterwalder & Pigneur, 2010; Remane, Hanelt, Tesch, & Kolbe, 2017; Tuff & Wunker, 2014; Weill et al., 2005). An exemplary generic pattern is the razor and blade model. Popularized by the brand Gillette, it refers to the logic to offer a free or aggressively low-priced basic product (razor) that is used together with high volume and high margin complements (blades). This model can be observed in various contexts such as coffee machines (Nespresso), books (Amazon Kindle), printers (HP), gaming consoles (Microsoft), or office photocopiers (Xerox) (Chesbrough & Rosenbloom, 2002; Gassmann et al., 2017; Homann, Winterhalter, & Gassmann, 2016; Johnson, 2010; Linder & Cantrell, 2000; Matzler et al., 2013; Remane et al., 2017). 
Business model innovation
Practitioners rely on business model patterns for inspiration (Gassmann et al., 2017) and as imitable building blocks (Abdelkafi et al., 2013; Timmers, 1998) for business model innovation, especially in the field of disruptive technologies (Amshoff, Dülme, Echterfeld, & Gausemeier, 2015). Business model innovation (BMI) refers to “designed, novel, and nontrivial changes to the key elements of a firm’s BM and/or the architecture linking these elements.” (Foss & Saebi, 2017, p.216) It can be found in both corporate (Aspara, Lamber, Laukia, & Tikkanen, 2011; Hacklin, Björkdahl, & Wallin, 2018) and entrepreneurial contexts (George & Bock, 2011; Morris, Schindehutte, & Allen, 2005), and describes the phenomenon of firms reconfiguring an existing business model or introducing a new one (Fjeldstad & Snow, 2018; Massa & Tucci, 2014). 
In the context of the formation of technology-intensive entrepreneurial ventures, BMI is a particularly salient issue because it constitutes the market device for new technologies (Boons & Lüdeke-Freund, 2013; Doganova & Eyquem-Renault, 2009): Technologies are commercialized through business models (Chesbrough, 2010) and without commercialisation, their inherent value remains latent (Chesbrough & Rosenbloom, 2002). Importantly, the design of a new business model is a strong moderator of firm performance and competitive advantage, oftentimes more important than the underlying technology (Chesbrough, 2007, 2010). However, due to the interrelated nature of business model elements, BMI is complex and more recently, the question of ‘how a (successful) business model should be configured’ has received increased attention (Eckhardt, 2013; Werani, Freiseisen, Martinek-Kuchinka, & Schauberger, 2016; Wirtz, Pistoia, Ullrich, & Göttel, 2016). 
Drawing from configuration theory, researchers have argued that successful, i.e. (financially) high-performing business models, achieve fitness between their elements (Foss & Saebi, 2018; Morris et al., 2005; Teece, 2018). Configurational research investigates social systems through holistic inquiry of its constituting elements following the assertion that systems’ behaviour arises from the whole of elements and their interrelations (Dess, Newport, & Rasheed, 1993; Meyer, Tsui, & Hinings, 1993). Among these combinations of elements, configurations represent those that co-occur frequently and collectively cover a large fraction of the studied entities (Meyer et al., 1993; Miller & Friesen, 1984). Business model scholars, thus understand business models as social systems and study the nature of interrelations between their elements. A fundamental notion of configurational research is ‘fitness’: In business model research, it describes the creation of synergistic effects within combinations of business model elements that can facilitate self-reinforcing cycles (Casadesus-Masanell & Ricart, 2010; Milgrom & Roberts, 1990, 1995). Configuration theory further assumes that ‘equifinality’ exists, i.e. high-performing business models can be created through different configurations (Doty, Glick, & Huber, 1993; Gresov & Drazin, 1997; Kulins et al., 2016). Configurational studies on business model innovation so far have focused on the performance effects of design themes (Zott & Amit, 2007), their combinations (Kulins et al., 2016; Leppänen, 2017), or synergetic effects within business model portfolios (Aversa, Furnari, & Haefliger, 2015). 
Despite these valuable contributions to theories on both business model patterns and business model innovation, critical issues remain. First, sets of generic business model patterns receive interest by both scholars and practitioners. However, in contrast to patterns from other areas of research, knowledge about their application potential for certain contexts is scarce (exceptions represent Cusumano, Kahl, & Suarez, 2015; Gebauer & Saul, 2014; Remane et al., 2017). For instance, Amshoff and colleagues (2015) note a lack of knowledge about business model patterns for disruptive technologies. Second, the notion of fitness of business model configurations encompasses the combination of patterns (Rudtsch, Gausemeier, Gesing, Mittag, & Peter, 2014), but little is known about how (fitting) pattern configurations look like. Because individual business model patterns only represent parts of a business model’s elements, causal interdependencies that create synergetic effects between them need to exist (cfr. Meyer, Tsui, & Hinings, 1993). Configurations would represent exactly those combinations, which are able to represent a large fraction of observable organizations (Miller, 2017). In sum, despite critical relevance little is known about configurations of patterns in technology-intensive contexts. This is the gap we address.
[bookmark: _Toc536101277]Methodology
In this research, we seek to understand and develop theoretical constructs on fit of business model configurations in entrepreneurial ventures. We follow a configurational approach to account for the multivariate relationships between business model elements and higher order business model patterns and to accommodate the inductive nature of our inquiry (Dess et al., 1993).
Our theoretical foundation is the extended set of 55+(5=60) business model patterns by Gassmann, Frankenberger, and Csik (2017). In comparison to other sets of patterns, this choice holds two main benefits: First, the set represents one of the more extensive lists of patterns, in turn allowing for a better characterization of recurring solutions in new contexts such as emerging technologies. Second, the set is the widely used among practitioners, and consequently our results may yield higher impact for managerial practice.
Overall, our research approach encompassed three main steps. Initially, we analysed the business model patterns used by the sampled cases by relying on qualitative data. In the next step we sought to identify business model pattern configurations. Therefore, we quantitatively analysed the frequency of pattern co-occurrences in the sample. Finally, in order to shed light on how fit was achieved within these configurations in the respective ventures, we conducted a multiple case study (Eisenhardt, 1989; Yin, 2014) so as to obtain qualitative in-depth findings. 
Such a sequential approach combines thus the broader scope of quantitative analysis along with the deep structure of explanatory qualitative analyses (Castro, Kellison, Boyd, & Kopak, 2010). Consequently, this combination yields the strengths from both research methods aiming at a more robust results (Creswell & Clark, 2011). In the following, we outline our sampling, data collection, and data analysis strategy in greater detail.
Sampling
Our research focuses on 730 high-performing entrepreneurial ventures. The setting is three emerging technology domains: Artificial Intelligence/Machine Learning (AIML), Augmented Reality/Virtual Reality (ARVR), and Drones (DRON). We relied on the startup database Crunchbase to identify the top 332 venture capital funded organizations tagged as “artificial intelligence” companies, the top 200 funded ventures featuring the tag “virtual reality” or “augmented reality”, and the top 198 funded ventures featuring the tag “drones”, each treated as a separate sub-sample. 
The choice of these domains provides an ideal setting for two main reasons. First, each of the selected technology domains receives enormous attention from VCs and business analysts (Bellini et al., 2016; Cohn, Green, Langstaff, & Roller, 2017; Hall & Takahashi, 2017; Lavender, Hughes, & Speier, 2018a, 2018b, 2018c; Terdiman & Sullivan, 2018), indicating a great potential to empirically observe successful business model innovations of entrepreneurial ventures. Second, there is only little overlap between the ventures sampled individually for each domain. Out of 751 sampled ventures only 20 related to more than one of the selected domains. The low degree of overlap indicates high technological variance between ventures from each domain. 
Sampling such a large number of ventures (in comparison to a traditional multiple case study for theory building), provides two main advantages. First, it facilitates variance along different factors including geography or application domain, i.e. the “context of the physical environment in which systems can be deployed” (Manyika et al., 2015, p.18). The high contextual variance stemming from the large number of sampled ventures from three technology domains allows us to create more robust theories about high-performing business model pattern configurations (Eisenhardt & Graebner, 2007). Second, a large sample enhances the derivation of meaningful configurations. By empirically observing different combinations of 60 business model patterns, we gain a better understanding of their relevance and mitigate errors, such as the potential performance impact of organizational attributes we did not observe for our analysis.
The resulting sample features ventures with funding ranging from $88,000 (Marvelmind Robotics) to $3,100,000,000 (Toutiao) with a median funding amount of $16,630,000 (average funding $45,471,491). One entry from the sampled list referred to a research institution and was hence excluded. Since profit histories are difficult to retrieve among new ventures, we used the total funding amount as the proxy for firm performance. The use of this proxy is consistent with prior literature (cfr. Short, Mckelvie, Ketchen, & Chandler, 2009; Zott & Amit, 2008) that has found a positive relationship between the amount of capital received and young venture success (Bamford et al., 2000; Cooper et al., 1994; Dahlqvist et al., 2000; Duchesneau & Gartner, 1990).
We further restricted our sampling to only include ventures founded in or after 2010. Thereby we intended to align with Bhide (2000) who refers to the entrepreneurial firms as relatively young organization possessing potential of attaining significant size and profitability. Observing entrepreneurial ventures with low complexity in their business models (Miller, 1983) was important to identify consistency in pattern configurations within business models and relate them to performance. For instance, incumbents often operate multiple business models which is why management research has argued that the configuration of their business model portfolio is responsible for their performance (Aversa et al., 2015; Kim & Min, 2015; Markides & Charitou, 2004).
We relied on the study of high-performing entrepreneurial ventures in order to study fitness in innovative business models. By reducing the systematic effect of competing explanations for firm performance, we can attribute the ventures’ success to business model innovation and consequently expect fitness to exist in the business models of all sampled companies. 
In sum, our sampling strategy is well suited to build robust theories on the relationship between business model configurations and high firm performance. By studying multiple domains, we set the foundations for moderate levels of external validity. By covering a great number of ventures, we are able to evaluate the coverage of any identified set of configurations.
Data Collection
Our data collection aimed for qualitative descriptions of the business model design for each of the sampled ventures. More specifically, we sought to (a) identify the business model patterns applied by each venture, and (b) understand how the respective venture applied each of them.
We relied on multiple primary and secondary data sources: website information, archival records such as press releases, social media profiles, and news articles. Secondary sources, such as Crunchbase or Bloomberg, provided us with an initial overview of the venture’s business model. Primary sources were used to confirm our initial understanding and obtain more in-depth data. Additional secondary sources from technology news providers, such as TechCrunch or Venturebeat complemented our data collection as certain business model patterns are commonly not reported directly by the firm but rather portrayed by outside parties (e.g., the Hidden Revenue pattern). The triangulation of data sources is an important strategy to ensure construct validity (Denzin & Lincoln, 1994; Gibbert & Ruigrok, 2010; Gibbert, Ruigrok, & Wicki, 2008; Jick, 1979). 
Three researchers were involved in the data collection process. We initiated our data collection through a training sample comprising 112 ‘iconic’ business models (e.g., Spotify, Nespresso, Ryanair) (Sabatier et al., 2010). This step enabled the researchers to become familiar with and to generate a common understanding of each of the 60 patterns and the data collection process. Subsequently, we collected the data for our main sample. Throughout this phase, we placed special attention on ensuring common understanding through continuous discussions of each pattern and observable instantiations. 
Data Analysis
Pattern assignment
We began our data analysis through the assignment of business model patterns for each venture (cfr. Hsu & Hannan, 2005). This part took place during the data collection, a natural process as highlighted in the context of interviewing (Langley, 1999; Lincoln & Guba, 1985; Locke & Golden-Biddle, 1997). 
In the following we formalize relevant constructs to facilitate better understanding of our data analysis. We define: 
,
where  is the set of considered patterns with etc. We further define:
,
where  is the set of ventures with  etc. Let p P and v V. For the assignment of patterns, we define:
:=F2
Here,  describes if  applies the pattern (1) or not (0). We also define:

 is the signature of . Its positive values represent the applied patterns, i.e. the business model (Gassmann et al., 2016), of a venture.  is the signature space for any venture, i.e. the amount of distinctly different business models (projectable through the combination of the 60 patterns). Its theoretical size is 260. In reality, applying a high number of patterns is unlikely to prove viable for any (entrepreneurial) firm (cfr. Meyer et al., 1993).
During this initial step, we attached pieces of our qualitative data as evidence to support each positive assignment (opposed to a purely binary assignment for each pattern and venture). The resulting transparency serves to increase the reliability of our study and noticeably enhanced the discussions between the researchers. These discussions were an important mean for continuous calibration in the assignment, necessary due to the ambiguity of the pattern assignment process. The underlying cause for the noticed ambiguity in pattern assignment arises from the categorical fuzziness (Durand & Paolella, 2013) of the business model patterns by Gassmann and colleagues (2017). 
Prior research has found that categories of social phenomena are inherently fuzzy at their boundaries (Durand & Paolella, 2013; Hannan, 2010). As new technologies emerge and offer new opportunities for business model design, new patterns can co-evolve[footnoteRef:1] or original meanings transmute (cfr. Hannan, 2010). In lack of a systematic way to deal with categorical fuzziness (Hannan, 2010), scholars define categories, here ‘business model patterns’, through meaningful consensus about membership of an entity shared by an audience (Durand & Paolella, 2013; Hannan, Polos, & Carroll, 2007; Negro, Koçak, & Hsu, 2010). Hence, for our study it was important to develop a meaningful and shared understanding among the group of researchers about the interpretation of observable phenomena in our set of ventures. Staying too close to the exact wording of the definition provided by Gassmann and colleagues (2017) would have led to fewer pattern assignments and missed to holistically capture the richness of observed business models. Vice versa, any too broad interpretation would have undermined the meaningfulness of any pattern assignment. Therefore, we rated each pattern by perceived categorical fuzziness, i.e., its existence is subject to much/little interpretation and observability ranging from 1 (hardly observable) to 3 (clearly observable). For instance, the Crowdfunding pattern[footnoteRef:2] appears in a relatively homogeneous form (little interpretation), but oftentimes requires deeper investigations using secondary sources (1/hardly observable). In contrast, the assignment of the Aikido pattern[footnoteRef:3] was found to be relatively difficult, since the definition leaves significant room for interpretation and is also difficult to observe (1/hardly observable). Additionally, the researchers listed typical indicators for each pattern, useful primary and secondary sources to assess their applicability, and challenges in the assignments.  [1:  An immediate example represents the set of business model patterns provided by Gassmann and colleagues that has been extended from 55 to 60 patterns between the first and second edition (cfr. Gassmann, Frankenberger, & Csik, 2014, 2017).]  [2:  The BMI Lab, which maintains the business model pattern set, defines the Crowdfunding pattern as follows (BMI Lab, 2017, p.4): “A product, project or entire start-up is financed by a crowd of investors who wish to support the underlying idea, typically via the Internet. If the critical mass is achieved, the idea will be realized and investors receive special benefits, usually proportionate to the amount of money they provided.”]  [3:  The BMI Lab defines the Aikido pattern as follows (BMI Lab, 2017, p.3): “Aikido is a Japanese martial art in which the strength of an attacker is used against him or her. As a business model, Aikido allows a company to offer something diametrically opposed to the image and mindset of the competition. This new value proposition attracts customers who prefer ideas or concepts opposed to the mainstream.”] 

Overall, the consistent assignment of observable phenomena and business model patterns was crucial to establish a solid foundation for the identification of meaningful configurations. Across our sample we assigned 4.10 patterns per venture on average (ARVR: 4.69; DRON: 4.62; AIML: 3.45). Table 3‑1 provides an example of the assignment process. This step resulted in a case database in which we compiled the case metadata and the most relevant raw data, i.e. the qualitative descriptions of the assigned patterns (Yin, 2014).
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[bookmark: _Ref532285461][bookmark: _Toc536101329]Table 3‑1: Exemplary excerpt from the pattern assignment for MindMaze[footnoteRef:4] [4:  About MindMaze: MindMaze develops medical grade virtual reality products to stimulate neural recovery. It develops a platform to build intuitive human machine interfaces combining VR, computer graphics, brain imaging, and neuroscience. […] MindMaze’s technology includes user interfaces, including a lightweight wearable head mounted display and 3D motion capture cameras that offer VR, gesture, and multiple object/user recognition and augmented reality capabilities, and medical grade technology enables new applications in gaming, brain machine control, and healthcare. […] Its headquarters is in Lausanne in Switzerland with additional locations in Zürich and Ecublens in the same country and San Francisco in California in the United States. Sources: https://www.crunchbase.com/organization/mindmaze, https://vendordb.com/mindmaze/] 

	Assigned pattern and iconic business model
	Definition by Gassmann et al. (2017)
	Data supporting pattern assignment

	Layer Player
TRUSTe, PayPal, Amazon Web Services
	A layer player is a specialized company limited to the provision of one value-adding step for different value chains. This step is typically offered within a variety of independent markets and branches. The company benefits from economies of scale and often produces more efficiently. Further, the established special expertise can result in a higher quality process.
	MindMaze builds intuitive human machine interfaces through its breakthrough neuro-inspired computing platform. Our innovations at the intersection of neuroscience, mixed reality and artificial intelligence are poised to transform multiple industries.

	Open Business Model
Valve Corporation, Abril, Procter & Gamble
	In open business models, collaboration with partners in the ecosystem becomes a central source of value creation. Companies pursuing an open business model actively search for novel ways of working together with suppliers, customers, or complementors to open and extend their business.
	After testing the technology with amputees at Lausanne University Hospital, Mind-Maze is going to work with patients from the U.S. Department of Veterans Affairs. In about six months, they will have data […], which could open the door for this treatment to be used by soldiers.
MindMaze is unveiling a partnership with Dacuda to launch "MMI", the world’s 1st multisensory computing platform for mobile-based, immersive social VR apps.

	Rent instead of buy
Liebherr, Xerox, Rent a Bike, Luxusbabe, Car2Go
	The customer does not buy a product, but instead rents it. This lowers the capital typically needed to gain access to the product. The company itself benefits from higher profits on each product, as it is paid for the duration of the rental period. Both parties benefit from higher efficiency in product utilization as time of non-usage, which unnecessarily binds capital, is reduced on each product.
	MindMaze isn’t selling its hardware directly. Hospitals and rehabilitation centers can rent the hardware and software package on a subscription basis, which starts at $2,500 per month.







	Self-Service
McDonald's, IKEA, Accor, BackWerk, Car2Go
	A part of the value creation is transferred to the customer in exchange for a lower price of the service or product. This is particularly suited for process steps that add relatively little perceived value for the customer, but incur high costs. Customers benefit from efficiency and time savings, while putting in their own effort. This can also increase efficiency, since in some cases, the customer can execute a value-adding step more quickly and in a more target-oriented manner than the company.
	It promotes the ability of clinicians to design and personalize the dose and modality of a range of therapies and provides hospitals with the ability to optimize the delivery of rehabilitation therapy.

	Subscription
Netflix, Salesforce, Spotify, Dollar Shave Club
	The customer pays a regular fee, typically on a monthly or an annual basis, in order to gain access to a product or service. While customers mostly benefit from lower usage costs and general service availability, the company generates a more steady income stream.
	MindMaze isn’t selling its hardware directly. Hospitals and rehabilitation centers can rent the hardware and software package on a subscription basis, which starts at $2,500 per month.

	Two-Sided  Market
Diners Club, Amazon Store, eBay, Google, Facebook
	A two-sided market facilitates interactions between multiple interdependent groups of customers. The value of the platform increases as more groups or as more individual members of each group are using it. The two sides usually come from disparate groups, e.g., businesses and private interest groups.
	MindMotion™ neurorehabilitation platform is our neurorehabilitation solution using virtual environment-based technology. It improves patients' motivation and engagement towards their recovery. It helps healthcare providers to deliver optimized therapy throughout the patient continuum of care. 

	Sensor as a Service
Streetline, Google Nest
	The use of sensors permits additional services for physical offerings, or wholly new independent services. It is not the sensor that generates the primary revenue, but the analysis of the data that the sensor creates. Possibilities for real-time information can further strengthen the value proposition.
	Our highly accurate motion capture sensors enable real time mapping onto a virtual character (avatar), in different postures (lying, sitting and standing). Body sway and posture are monitored to optimize the visual feedback to the patient. Our system provides post session analysis to track each patient’s performance and progress over time.

	Virtualization
Amazon Workspaces, DUFL
	This pattern describes the imitation of a traditionally physically process in a virtual environment, e.g., a virtual workspace. The advantage for the customer is the ability to interact with the process from any location or device. In exchange, the customer pays for access to the virtual service.
	MindMaze offers MindMotionPRO, which provides patients with engaging and motivational virtual reality rehabilitation programs that support their recovery goals enabling them to follow a personalized exercise regimen prescribed by the rehabilitation expert.





Analysis of configurations
The next step aimed for the identification of pattern configurations based on the analysis of the frequency of pattern co-occurrences in the sample. The identification of configurations inevitably involves design trade-offs between generalizability, accuracy, and simplicity (Weick, 1979). Generalizability refers to the robustness of configurations across different contexts, such as (technology) domains. Accuracy refers to the level of richness a configuration captures. Simplicity refers to the number of variables a researcher must contend (Dess et al., 1993). In the course of our study, the trade-off between accuracy and simplicity prove particularly relevant when deciding for the number of patterns a configuration constitutes:
A set of configurations is intended to represent a large fraction of an observed population (Miller & Friesen, 1984), which favours bivariate configurations, since any multivariate configuration only represents a subset that covers the same or less number of sampled ventures. Seeking to achieve high coverage in the set of ventures through many multivariate configurations is contradicting simplicity. However, when reducing the number of patterns a configuration entails, it is less capable of describing fitness in a venture’s business model; it loses its ‘richness’ (Dess et al., 1993). 
In order to resolve this trade-off, we looked at the weighted relative frequency of every bivariate and multivariate pattern combination as well as their cumulative coverage within our sample. The weighted relative frequency is used to accommodate the differences in sampled ventures for the technology domains. 
Table 3‑2 displays these combinations comprising two, three, and four patterns, respectively. This analysis held two main insights: First, covering the majority of sampled ventures is possible based on only three pattern pairs. I contrast, the most common combinations of three, or four patterns collectively cover less than 50%. In particular, the ten most common quadruples collectively only cover 14.6% of the sampled ventures, while all but two combinations occur in less than 3% of the cases. Second, all combinations rely on a small number of different patterns. The most common combinations displayed in Table 3‑2 comprise only nine different patterns. Based on this insight we conceptualized configurations as combinations of two patterns comprising a set of different, more accurate variants. This allows us to cover a wide range of ventures with few configurations while maintaining accuracy.


[bookmark: _Ref532285890][bookmark: _Toc536101330]Table 3‑2: Relative frequency and cumulative coverage of pattern combinations
	[bookmark: _Ref531355560]
	Pairs
	Weighted relative frequency
	Cumulative coverage

	1
	Layer Player, Solution Provider
	36.25%
	36.25%

	2
	Layer Player, OBM
	26.81%
	47.33%

	3
	OBM, Solution Provider
	23.26%
	54.86%

	4
	Layer Player, Self-Service
	19.15%
	61.15%

	5
	Solution Provider, Subscription
	14.23%
	64.57%

	6
	Layer Player, Subscription
	13.41%
	66.07%

	7
	Digitization, Solution Provider
	13.00%
	69.90%

	8
	Self-Service, Solution Provider
	12.86%
	70.73%

	9
	OBM, Self-Service
	11.35%
	72.64%

	10
	Digitization, Layer Player 
	9.71%
	73.60%

	
	
Triplets
	
	

	1
	Layer Player, OBM, Solution Provider
	15.73%
	15.73%

	2
	Layer Player, Self-Service, Solution Provider
	9.71%
	20.25%

	3
	Layer Player, OBM, Self-Service
	8.34%
	23.39%

	4
	Layer Player, Solution Provider, Subscription
	8.34%
	27.09%

	5
	OBM, Self-Service, Solution Provider
	6.29%
	28.18%

	6
	Digitization, Layer Player, Solution Provider
	6.29%
	30.64%

	7
	OBM, Solution Provider, Subscription
	5.75%
	32.69%

	8
	Direct Selling, Layer Player, Solution Provider
	5.34%
	34.47%

	9
	Layer Player, OBM, Subscription
	5.34%
	35.57%

	10
	Layer Player, Leverage Customer Data, Solution Provider
	5.06%
	36.53%

	
	
Quadruplets
	
	

	1
	Layer Player, OBM, Self-Service, Solution Provider
	5.20%
	5.20%

	2
	Layer Player, OBM, Solution Provider, Subscription
	3.28%
	7.39%

	3
	Digitization, Layer Player, OBM, Solution Provider
	2.60%
	9.03%

	4
	Layer Player, OBM, Solution Provider, Virtualization
	2.46%
	9.71%

	5
	Layer Player, Self-Service, Solution Provider, Subscription
	2.46%
	11.08%

	6
	Layer Player, Leverage Customer Data, OBM, Solution Provider
	2.46%
	11.90%

	7
	Layer Player, Self-Service, Solution Provider, Virtualization
	2.05%
	12.31%

	8
	Layer Player, OBM, Self-Service, Subscription
	2.05%
	13.27%

	9
	Layer Player, OBM, Self-Service, Virtualization
	1.92%
	13.68%

	10
	Layer Player, Leverage Customer Data, Solution Provider, 
Subscription
	1.92%
	14.64%



Our quantitative configuration analysis resulted in the identification of three configurations. Interestingly, our analysis revealed three patterns that occurred frequently independent of any technology domain: Layer Player, Solution Provider, and Open Business Model. In total, 655 (or 89.6%) out of 730 firms feature at least one of these three patterns. We call these ‘elementary patterns’ and define:
 
We further noticed that these patterns commonly co-occur together: The bivariate combination {Layer Player, Solution Provider} exists in 150 firms, {Open Business Model, Solution Provider} in 55, and {Layer Player, Open Business Model} in 196. Collectively, these three pairs can be found in 401 out of 730 (54.9%) of our cases. Hence, we call these pairs ‘foundations’ and define:
,
where  denotes that both patterns need to be satisfied. Despite their importance as building blocks for successful business model innovation, firms complement the foundational with additional patterns in the vast majority of cases.[footnoteRef:5] We call those patterns that were most often combined with the three pairs ‘Add-Ons’ and define: [5:  A small number of firms relied solely on the foundations for their business model design: 23 firms {Layer Player, Solution Provider}, 6 firms {Open Business Model, Solution Provider}, 10 firms {Layer Player, Open Business Model}.] 

 
Configurations are distinguished by their foundations and comprise ‘variants’, each of which represents one specific ‘Add-On’ the foundation is complemented by. We define the set of business model pattern configurations as:
. 
The definitions have important properties and implications. First, a configuration is implemented as one variant relating to a specific foundation. Although configurations are technology-independent, we noticed that the individual variants often relate closely to specific technology domains. Second, each variant comprises three business model patterns (two elementary patterns and one add-on pattern). Third, any other patterns a firm combines with the three patterns are not part of the configuration and therefore ignored. Since the average number of assigned pattern per venture is 4.10, any variant represents on average 73% of a corresponding business model. Fourth, ventures can have multiple configuration and variant memberships.
Comparative Multiple Case Study
In order to characterize the identified configurations, we complemented our quantitative analysis with insights from qualitative data to gain a deeper understanding of the causal relationships that create fitness (Miller, 2017). 
We intended to understand the nature of fitness in these configurations by analysing how the ventures collectively applied their respective combination of patterns. Therefore, we restructured our dataset to match the ventures and the corresponding configurations. In line with insight from research on categorization we assigned multi-variant, multi-configuration memberships[footnoteRef:6] to some of the ventures (Negro & Leung, 2013; Paolella & Durand, 2016). For instance, Voyager Labs, an Israel-based AI company, possesses membership in configuration 1 which is based on the foundation {Layer Player, Solution Provider}. Its business model further relies on the Subscription and Self-Service patterns, each of which define distinct variants of the configuration.  [6:  From the nature of the three identified configurations follows that multi-configuration memberships implies memberships in all three configurations.] 

Subsequently, we reduced the dataset to include only those patterns relevant for the assigned configuration(s) of the ventures. Finally, for the main analysis step, we relied on open and axial coding of the qualitative data (Gioia, Corley, & Hamilton, 2012; Jick, 1979; Strauss & Corbin, 2008). We limited our coding process to those variants that appeared relevant in each domain.
Our coding process comprised four steps: First, we openly coded all textual data separated by pattern, technology domain, and configuration. In total, this initial step led to the identification of 3,983 first order concepts (ARVR: 1,150; DRON: 1,131; AIML: 1,702). Second, we performed axial coding within each variant separated by pattern and technology domain to derive second order themes. This step provided us with a variant-specific understanding of the pattern implementations. Third, we grouped the second order themes of the respective foundations together and relied on axial coding to study their interplay. Thereby, we developed small, initial concepts about high performing configurations. Fourth, in order to understand the interplay of patterns in each variant, we performed one additional axial coding between the coding themes relating to the foundations and add-ons. This final step, then provided the foundation of our emerging theory. Figure 3‑1 and Figure 3‑2 visualize this procedure
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[bookmark: _Ref532286332][bookmark: _Toc536101315]Figure 3‑1: Exemplary coding excerpt – in-vivo codes and first order concepts
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[bookmark: _Ref532286335][bookmark: _Toc536101316]Figure 3‑2: Exemplary coding excerpt – higher order themes 
[bookmark: _Toc536101278]Findings
Our research seeks to find theoretical insights on the research question ‘How do entrepreneurial ventures in emerging technology domains create fitness in their business models?’ In the following, we describe the identified configurations by elaborating on the fitness of its foundations and put emphasis on selected variants. 
Configuration 1: {Layer Player, Solution Provider}
Given the high degree of complexity of emerging technology domains, many firms focus on only one or few activities within a value chain. Such a clear focus allows firms to develop expert know-how for specific products and services, and offer them across a multitude of industries. This model is summarized under the Layer Player pattern and exemplified by the Berlin-based startup Zeitgold, which is offering a niche financial solution for small businesses such as “cafés, restaurants, small retailers, and craftsmen”.
Given the knowledge advantage which firms applying the Layer Player pattern typically possess in their field, they are in an excellent position to offer end-to-end services. As a consequence, the pattern very well blends with the Solution Provider add-on, i.e. firms which cover the total range of products and services in a given domain. Our analysis suggests that for emergent technology players this is typically implemented by offering a full-service package, compromised of the technical hard- and/or software, as well as supporting services for implementation and maintenance. In many cases, these solutions replace traditional approaches to tackling a problem but are highly customized to client needs and thus find quick adoption across industries. Zeitgold, for instance, offers their clients a turnkey solution for the digitization of business financials:
“[Zeitgold is] an all-in-one financial solution for small shop owners. The company sends you a physical box. You can put all your receipts, bills and invoices in this box. Somebody will come and pick up the box every week. The startup then scans and archives all these documents to process them — Zeitgold also accepts digital documents.”
The successful pairing of the patterns Layer Player and Solution Provider as foundation can be frequently observed across all samples. Our analysis reveals that in particular two factors make this combination so fruitful: the complexity of emergent technologies, and their inherent potential to create significant competitive advantages in individual steps of the value chain. Hence, firms with a strong unique expertise and the ability to transform into need-oriented solution packages, are expected to be the most successful ones.
An example for this is Atlas Dynamics, a leading provider of drone-based enterprise solutions. As a full-service provider in this market, Atlas Dynamics is offering its technology for a variety of different use cases across industries:
“Atlas Dynamics […] specializes in developing high-end autonomous UAV systems for the commercial and defense markets. […] Utilizing […] proprietary aerospace technology, [Atlas Dynamics] quickly and safely provide users with valuable data through highly durable, intuitive and easy-to-use products […] Atlas drones can achieve longer flight times, wider ranges, faster speeds and greater altitudes with versatile sensors and payloads to serve key markets including infrastructure inspection, construction, security, first response, delivery and insurance”
This first business model foundation is core to a number of variants based on distinct add-ons, with Self-Service, Subscription and Digitization being the most popular ones across the technology domains. Table 4‑1 provides an overview of the variants of configuration 1. The percentage values depict the relative frequency of each variant in the respective sub-set of our sample, which we divided by technology domain. In order to provide insights on the most important application areas of each variant, we blanked out all values smaller or equal to 3%.[footnoteRef:7]  [7:  The threshold of 3% is arbitrarily chosen, but seeks to reflect that configurations are considered as such only if they can be observed frequently.] 

[bookmark: _Ref532286934][bookmark: _Toc536101331]Table 4‑1: Relative frequency of configuration 1 variants
	Foundation
	Add-On
	AI/ML
	AR/VR
	Drones

	Layer Player, 
Solution Provider
	Self-Service
	11.4%
	7.0%
	9.6%

	
	Subscription
	9.0%
	7.5%
	8.1%

	 
	Digitization
	2.1%
	14.0%
	5.6%

	 
	Leverage Customer Data
	0.0%
	4.5%
	12.1%

	 
	Direct Selling
	3.9%
	5.5%
	7.6%

	 
	Virtualization
	0.0%
	8.5%
	6.6%

	 
	Integrator
	0.0%
	0.0%
	11.1%

	 
	Aikido
	0.0%
	5.5%
	5.1%

	 
	Sensor-as-a-Service
	0.0%
	0.0%
	8.1%

	 
	Two-sided Market
	0.0%
	5.0%
	0.0%




Subscription (Add-on)
Under the Subscription pattern, businesses enter into a service agreement with their clients, determining the scope and length of service provision (Gassmann et al., 2016). In conjunction with the foundation, subscription pricing allows firms to offer demand-actuated value by offering a range (most often three) of options which differ in pricing. Even more important, the subscription model often is used for the bundling of a complex technical solution and the adjacent services into an easily structured package (for instance through software-as-a-service mechanisms). In this way, subscription pricing often is a key enabler for the Solution Provider add-on. Lastly, it also represents an optimal way of allowing customers to test a product for limited time without any enormous upfront costs. This is of particular value for Layer Players who are facing the challenging task of convincing potential clients from a variety of distinct industries. Typically, word-of-mouth effects are crucial for the diffusion of major technological innovations: early adopters play an opinion leadership role and provide word-of-mouth to others within their networks (Czepiel, 1974). Layer Players, however, need to find early adopters in different, often unrelated networks inhibiting word-of-mouth effects. Subscription-based test phases are implemented to facilitate the process of spreading the own technology and products. 
The Subscription variation of Configuration 1 is found across all domains. The implementation of the pattern is differentiated in several dimensions, including the billing terms (annual vs. monthly; in advance vs. in arrears), the number of service packages offered (one-fits-all vs. demand-actuated options), whether a free trial is offered or not, and others. Zeitgold, offering an AI-based financial solution, offers a monthly subscription to its services. The AR/VR Silicon Valley startup Matterport has users subscribe for access to its service and cloud storage. They highlight that based on their requirements, users can adjust their plan at any time. The subscription options offered by drone company SwiftNavigation illustrate the advantage of the pattern to offer flexible and highly demand-actuated value.
“The service maintains low bandwidth to save on data costs and is offered with a free 30 day trial and flexible pricing plans. Skylark’s pricing structure includes a monthly plan and an annual plan. Enterprise pricing is available for volume orders.”


Direct Selling (Add-on)
Another Add-On that is commonly observed across all three samples (frequently also in combination with a Subscription pricing model), is the Direct Selling pattern. Defined as a sale without intermediary (Gassmann et al., 2016), the pattern enables close customer contact and a more personal experience. This is critical for the sophisticated technology products typically offered by companies using configuration 1. Our analysis revealed that in emerging technology domains, companies often focus on very specific applications of a technology and mostly serve enterprise clients (B2B). For that reason, the Direct Sales add-on is an ideal fit as it allows the firms to directly share their technical know-how with potential clients. 
Zeitgold is applying the pattern by selling directly through its website. Customers can request a demo or reach out to be contacted by a sales representative. Clear Flight Solutions, active in the drone domain, takes an even more customized approach. As the company is active in a very niche market (leveraging drones for effective bird control), Clear Flight Solutions is not selling its hardware but instead provides clients with a tailored service, executed by a firm representative. This approach is beneficial for clients insofar, as they are not required to commit a substantial investment for procuring drones themselves but can instead rely on the expertise of a service provider. Consequently, Clear Flight Solutions initiates the sales process by asking interested potential clients to proactively get in touch.
Integrator (Add-on)
While the previous variants are found across technology domains, the Integrator pattern (which refers to a strategy of controlling most parts of the value chain without depending on external suppliers) is rather industry-specific as it is dominantly found at firms in the drone sector. Our analysis revealed that this is mostly due to the fact that those drone-tech players, which are developing highly particular solutions with niche applications (Solution Provider; Layer Player), are using very specific resources and capabilities. Since these are usually not commonly available on the market, outsourcing is difficult and thus, those startups bank on full in-house development. Examples are Inertial Sense, which applies the Integrator pattern to offer an extraordinarily small, low cost precision GPS solution for drones, or also Elistair, developing a “fully automated, powerful and highly portable tethered drone system”. Drone Delivery Canada exemplifies how an integrated value chain set-up can look like, controlling the entire process from research and development over design to implementation:


 “Drone Delivery Canada is a pioneering technology firm […] with a focus on designing, developing and implementing a commercially viable drone delivery system […]. Our R&D group is integrating next generation Super Materials into our delivery drone designs which include Graphene and Carbon Fiber. Our prototyping and design platform also utilizes 3D Printing systems to expedite concept design.”
Two-sided market (Add-on)
Another industry-specific variant, found only in the AR/VR sample, is the combination with the Two-sided market pattern. In line with the general development that today oftentimes “traditional one-on-one models no longer suffice to compete in the market successfully” (Gassmann et al., 2016, p. 324), this variant is centred around the idea of offering a fully integrated solution that connects relevant stakeholders. For AR/VR technology, this can be frequently observed for businesses which provide advertisement- and monetization platforms, such as the 2015 founded US startup Vertebrae.
“Vertebrae, Inc. provides an advertising platform to create virtual and augmented reality advertising formats. Its platform allows publishers and developers to monetize and drive the discovery of virtual reality and 360º video applications; and enables advertisers to reach and engage consumers with new advertising formats”
As augmented and virtual reality open up entirely new possibilities for real-time and emotional advertisement, both technologies become increasingly relevant for advertisers across industries and markets (e.g. Hall, 2017; Luber, 2016). However, the technological complexity poses a significant adoption hurdle: our analysis revealed that most companies contract AR/VR capabilities from expert firms but do not have the know-how readily available in-house. The low supply of AR/VR advertisement in turn limits the possibility of publishers and developers to monetize their content. Vertebrae’s two-sided platform business model tackles exactly this issue by providing a full-service solution for both sides, publishers and advertisers, applicable across industries.
“[Vertebrae] provides a comprehensive cross-platform solution to enable brands and marketers to effectively leverage immersive media at scale. It serves entertainment studios, gaming companies, brands, and creative agencies. [For| Advertisers [it offers] platform analytics to quantify engagement behavior […]. [Its] In-House Creative Studio & Builder [enables developers and designers] to build best-in-class optimized augmented reality”
Firms, which operate a similar business model for the monetization and distribution of AR/VR content include ChannelSight, Blend Media, Immersv, as well as Gbox by OnCircle, Inc. However, the exact offering differs, as Gbox by OnCircle, Inc. exemplifies:
“The mission of Gbox is to take the interaction between brands and their fans to the next level. To achieve this they […] created Gbox, the direct-to-fan platform. [The] multimedia platform […] helps to delight your audience with superior digital experiences and maximize your income streams”
Configuration 2 {Layer Player, Open Business Model}
Configuration 2 is based on the combination of the Layer Player and Open Business Model (OBM) patterns. Previous research has found that almost all ventures engaging in ‘deep-technology’ domains, actively seek collaborations with corporates, with the underlying motives ranging from funding over market access to talent acquisition (Harlé, Soussan, & de la Tour, 2017). While the original definition for Open Business Model is fairly narrow and mostly refers to full partner ecosystems, for the purpose of optimally evaluating the pattern for emergent technologies, all partnerships central to value creation were considered.
Our analysis revealed a strong tendency for partnerships and open value creation across all samples. The most commonly found motives in the analysis were resource and technology partnerships, joint product development and distribution, as well as associations for jointly shaping the industry and related regulations. An example for the second motive is Sight Machine, a US provider of a manufacturing analytics platform:
“Sight Machine partners with the world’s most innovative companies to deliver our […] solutions. This group includes the leading cloud providers, factory automation & machine builders, integrators & value-added resellers, and global management consultancies” 
The analysis also revealed more innovative approaches such as the one pursued by aerial-advertising startup DroneCast: to provide their services to enterprise clients, DroneCast operates an own open network of pilots (called the ‘Partner program’), that are trained, certified and then financially rewarded for each flight completed. From a business model perspective, DroneCast is opening up its value creation process to outside partners in the form of independent individuals, certified to fly drones. Instead of hiring own employees to complete flights for enterprise clients, DroneCast pay their network pilots per hour and offers them the flexibility to accept jobs whenever convenient for them.
The type of partners in open business models can be very distinct: our analysis showed that partnerships with large corporates are extremely frequent due to vast possibilities for mutual benefit. For instance, Measure (a drone-as-a-service operator) partnered with the AES Corporation (a Fortune 500 global power generation and utility company) “to scale and leverage its industry-leading drone service to inspect AES’ energy infrastructure in 17 countries. The use of the drone technology is expected to help AES improve safety and avoid more than 30,000 hours of hazardous work per year […]” On top of that, startups often partner with universities for research, governments for regulation and incubators to jumpstart their business.
We observed, that the core of the fit between the OBM pattern and the Layer Player model, refers to the highly flexible value creation mechanisms provided through the collaboration with various partners in order to provide fitting solutions to various customers across a wide range of sectors. In our analysis, this business model foundation was observed to fit with a wide range of Add-Ons. For Sight Machine, for instance, the ecosystem approach is key to offering an innovative and robust platform. As a result, they are able to serve a wide range of industries, including “aerospace, apparel and textiles, automotive, CPG, electronics, food and beverage, industrial, oil and gas, medical devices, and pharmaceuticals sectors; and other Global 500 companies.” 
Boulevard Arts, Inc. is pairing both patterns insofar as it collaborates with clients such as museum to virtualize their experience for interested users.
“[Boulevard] operates a platform that enables customers to virtually tour museums and other culturally significant sites from anywhere in the world. [The firm] partners with the world's leading museums to share their collections through cutting-edge VR technology. Each [VR] experience engages […] audiences around the globe. [Boulevard] develops tools and curriculum for in-class use from Kindergarten to 12th grade, home school families, and life-long learners who are interested in art, architecture, and culture”
In the following, we elaborate on the most dominant variants we observed for this configuration (Table 4‑2)
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	Foundation
	Add-On
	AI/ML
	AR/VR
	Drones

	Layer Player, OBM
	Self-Service
	9.0%
	9.5%
	6.1%

	 
	Subscription
	5.7%
	5.5%
	0.0%

	 
	Digitization
	2.1%
	8.0%
	0.0%

	 
	Leverage Customer Data
	0.0%
	5.5%
	7.6%

	 
	Direct Selling
	2.4%
	0.0%
	0.0%

	 
	Virtualization
	0.0%
	8.0%
	0.0%

	 
	Integrator
	0.0%
	0.0%
	7.1%

	 
	Aikido
	0.0%
	6.5%
	0.0%

	 
	Sensor-as-a-Service
	0.0%
	0.0%
	5.6%

	 
	Two-sided Market
	0.0%
	0.0%
	0.0%



Self-Service (Add-on)
The most dominant variant of configuration 2 across all samples is the combination with the Self-Service pattern. It is characterized by customers executing part of the value creation process, typically in exchange for lower prices (Gassmann et al., 2016). In the context of emerging technologies, this pattern was mostly observed in either of two forms: (1) customization and integration interfaces (APIs, SDKs, etc.); and (2) self-service tools and portals which support clients in their usage of the main product. Configurational fit between the three patterns emerges as companies in this configuration sell their products across industries (Layer Player) and Self-Service tools provide a cost-effective mean for highly-valued customization. On a value creation side, open infrastructure software, accessible e.g. via an API, is an ideal precondition for collaborations with complementary partners (OBM).
For instance, Sight Machine is adding self-service functionality via the introduction of a new function.
“Another function, Sight Machine Commander, […] will give manufacturers and integrators the ability to add new data sources and data types through an intuitive-web based interface. This is a step away from traditional analytics […] systems that are constrained by limited data sources and the need for IT experts to get involved, and a step toward self-service data preparation and analytics that allow non-specialist users to […] do the analysis themselves”
Similarly, the AR/VR startup Blippar applies the pattern through a “self-service suite of tools” used to make its “technology publicly available to developers, letting them tap into Blippar’s Computer Vision API and attach their own augmented reality experiences to real-world objects.”
Virtualization (Add-on)
Complementing configuration 2 with the Virtualization pattern yields a variant we frequently observed in the AR/VR domain. In a narrow sense, Virtualization describes the imitation of a traditionally physical process in a virtual environment to make it accessible from anywhere at any time, often cloud-enabled (Gassmann et al., 2016). For the analysis of this paper, the definition has been broadened to also include new processes, products and businesses, which exist purely in a virtual space/reality. Naturally, augmented and virtual reality are both extremely powerful technologies in that sense, converting real-world objects or habits into the virtual world. An example would be the enablement of virtual meetings (e.g., Altspace VR or Against Gravity) as well as Boulevard’s technology to virtually tour historical sites around the world from one’s living room. In some cases, the Virtualization pattern essentially becomes the core of the business model configuration; consider LiveLike, a startup founded with the vision of virtualizing how we watch sports.
Our analysis revealed that the high degree of fitness with the foundation pattern Layer Player is based on the wide applicability of virtualization. Increasingly virtualized private and professional spaces have a tremendous effect across markets. Goldman Sachs (2016) sees the future potential for AR/VR technology to “emerge from vertical specific use cases to a broader computing platform” (p. 13) and “to not only create new markets but also disrupt existing ones” (p.16). On the value creation side, an Open Business Model allows firms to make their virtualization solutions a team effort and for instance early on take independent developers on-board for beta testing. The Swiss startup MindMaze exemplifies the interplay of all three patterns.
“MindMaze offers MindMotionPRO, which provides patients with engaging and motivational virtual reality rehabilitation programs that support their recovery goals […]. After testing this technology in Switzerland with amputees at Lausanne University Hospital, MindMaze is going to start working with patients from the U.S. Department of Veterans Affairs through a study at the University of California […]. MindMaze is [also] unveiling a partnership with Dacuda to launch "MMI", the world's first multisensory computing platform for mobile-based, immersive and social virtual reality applications. [MindMaze’s] innovations at the intersection of neuroscience, mixed reality and artificial intelligence are poised to transform multiple industries”
Aikido (Add-on)
The most break-through developments within a technology domain are additionally characterized by the Aikido add-on. Aikido describes products and services which are radically different from the industry standard (often even diametrically opposed) and leverage uniqueness in their value proposition (Gassmann et al., 2016). The business model resulting from the combination of the Aikido add-on with configuration 2 is specific to the AR/VR domain and is found for a variety of different products and services. Our analysis however indicates, that due to their high degree of technological novelty, all these products find applicability across industries, thus enabling firms to apply the Layer Player pattern. In extreme cases, this even leads to a redefinition of market paradigms, as exemplified by the Finnish startup Varjo which aims at “revolutionizing reality [with its] Bionic Display™, which lets you see VR in human-eye resolution”.
For the excellent fit with an Open Business Model, our analysis offers two complementary explanations. First, on a value creation side, the close collaboration with partners, often employing unconventional, interdisciplinary approaches, fosters the accomplishment of break-through developments, thus the Aikido pattern. Second, on a distribution side, startups frequently partner with established global players to bring their new technology to the mass market. Examples include WaveOptics, who partner with an industry-leading equipment supplier to “bring high-performance augmented reality (AR) waveguides to the mass market at the lowest cost available in the industry”, as well as Orah, who teams up with Sennheiser for an ever more seamless VR experience.
A very interesting example for the described variant is the French cloud service provider Cozy: the company defines its unique selling proposition by radically deviating from the industry standard (Aikido). Based on this, Cozy has found an innovative way of collaborating with big French companies (Open Business Model) and offers its solution across markets (Layer Player).
“Cozy is the personal cloud server for everyone; [its cloud allows users to] store […] data and install web apps in a place that is [theirs]. While the major platforms collect more and more personal data, a Cozy is a solution allowing the individual to take control: free software, self-hosting and protecting his data. […] This re-invents the customer relationship in the era of the RGPD with innovative and privacy-friendly services. Big French companies have also partnered with Cozy to develop Cozy apps. […] They can work with Cozy to make their online services GDPR-compliant”
Configuration 3: {Open Business Model, Solution Provider}
The third configuration is based on the combination of the Open Business Model and Solution Provider patterns. Our coding revealed that these two patterns are typically combined for either of two main purposes: (1) leveraging an open business model to create a fully integrated service or product solution; or (2) expanding the distribution and adoption of the own full-service package via strategic partnerships.
Following the first of the two rationales, the example of Atheer, a pioneer in ‘Augmented Interactive Reality’ computing, illustrates how the Open Business Model pattern can be central in the creation of full-service packages for clients.
Atheer is the pioneer of the AiR™ […] smart glasses platform, designed to enhance the productivity and safety of deskless professionals at Fortune 1000 companies. […] Driven by the principles of service design thinking [their] approach is customer led, agile, and value based. […] As demand for enterprise Augmented Reality solutions continues to grow, Atheer’s partnerships with leading smart glasses manufacturers, consulting firms, system integrators and technology companies deliver integrated, enterprise grade, Augmented Reality solutions to customers worldwide.
Kespry, founded 2013 in the Silicon Valley, exemplifies the implementation of the second motive: fuelling the distribution of its full-service drone-based aerial intelligence platform (Solution Provider) through a strategic alliance with the multinational heavy equipment maker, John Deere (Open Business Model):
“[Kespry’s] drone-based aerial intelligence platform provides critical information and analytics our customers rely on to accelerate operations. Purpose-built for industrial use, yet simple enough for any user, our fully-integrated, end-to-end, cloud-enabled platform is used […] by companies across North America, Europe and Australia.”
In the following, we elaborate on the most dominant variants we observed in this configuration (Table 4‑3).
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	Foundation
	Add-On
	AI/ML
	AR/VR
	Drones

	OBM, Solution Provider
	Self-Service
	6.6%
	5.0%
	7.1%

	 
	Subscription
	5.4%
	5.0%
	7.1%

	 
	Digitization
	3.3%
	5.5%
	6.1%

	 
	Leverage Customer Data
	0.0%
	0.0%
	10.6%

	 
	Direct Selling
	0.0%
	0.0%
	0.0%

	 
	Virtualization
	0.0%
	5.0%
	0.0%

	 
	Integrator
	0.0%
	0.0%
	6.1%

	 
	Aikido
	0.0%
	4.5%
	5.1%

	 
	Sensor-as-a-Service
	0.0%
	0.0%
	7.1%

	 
	Two-sided Market
	0.0%
	0.0%
	0.0%



Digitization (Add-on)
The combination with the Digitization pattern represents the domain’s third most frequently found variant across all three samples (only behind Self-Service and Subscription). The Digitization pattern is described as the transformation of any existing products or services into purely digital variants, resulting in various advantages, such as the reduction of overhead and the omission of intermediaries (Gassmann et al., 2016). While the Digitization variant of Configuration 3 is domain independent, the individual implementations in respect to the technology domain context vary heavily. However, across domains our analysis revealed two interconnected reasons for the internal fit of this variant: First, digitization typically plays an important role in integrating the individual components in one turnkey solution, for companies offering integrated products (Solution Provider). And second, the digitization of entire processes or products usually poses a significant challenge. Thus, an Open Business Model can prove extremely valuable in sourcing the relevant competencies by means of close partnerships.
For Atheer, the Digitization add-on is a core part of their previously explained full-service value proposition. Essentially, the company is digitizing tasks which were previously executed purely physically, such as inspection or assembly operations.
“AiR™ Enterprise is a breakthrough enterprise-class AR application that uses smart glasses to connect a worker's physical and digital workspaces […]. Any employee wearing a compatible head mounted display can livestream what they see to a remote expert.  The expert can guide the employee and send them relevant drawings or procedures”
While for Atheer the integration of the physical and digital world is a key component of their unique value proposition, Fintech startup Socure is entirely transferring a real-world process into a digital sphere.
“With customers including a top 5 US bank […] and many of the leading digital banks, lenders and insurers, Socure continues to reimagine digital identity verification, leveraging its artificial intelligence and machine-learning techniques. Digital commerce is now a market mandate, forcing companies to be able to identify, acquire, and trust new digital customers.”
Leverage Customer Data (Add-on)
A variant most dominantly relating to drone-tech companies is the combination with the pattern “Leverage Customer Data”. According to the original pattern definition, this applies to firms whose main activities centre around the acquisition and the analysis of data (Gassmann et al., 2016). While iconic examples would consequently be the likes of Google, Facebook or Amazon, whose business models are built on the intelligent usage of customer data, emerging technologies are opening up new use cases: drones for instance offer an entirely unprecedented way of aerial data collection. The resulting imagery or the resulting insights can be sold directly to clients. Specifically, for drone-tech firms, this optimally integrates with a Solution Provider pattern as companies can offer a full aerial intelligence solution. As pointed out earlier, the analysis showed that such solutions are frequently developed in tight collaboration with other players (OBM). Kespry exemplifies how customer data can be leveraged in revenue-generating ways.
“Once the drone data has been captured, it is uploaded to the Kespry Cloud. With the Kespry inspection solution, fast processing and mobile tools enable access to drone data within minutes, providing “in the field” analysis and claims decisions in as little as 1 hour. For aggregates, mining, and construction, Kespry automatically generates 2D and 3D models of the entire site ready for analysis […] [Kespry’s CEO] views drones as “the new sensor network,”[footnoteRef:8] and believes this technology will completely transform heavy industries” [8:  The example of Kespry highlights a circumstance, which was frequently found for drone-tech companies: the pattern Sensor as a Service functions served as an enabler to build a successful business model around the Leverage Customer Data pattern.] 

Another interesting application of the variant is found in the example of AiCure. The company offers an intelligent AI-driven medical assistant, which is leveraging customer data to improve health outcomes of medication in the future. Partnerships are mainly used to validate the reliability of the results derived from its digital solution.
AiCure, LLC develops and offers scalable medication adherence and intelligent medical assistant (IMA) solutions that leverages a visual recognition platform to monitor patient progress on mobile devices. The company’s solution confirms medication ingestion in clinical trials and high-risk populations. […] the AI platform relies on a 1:many model, using software algorithms to automatically identify the patient, the medication, and medication ingestion. Real-time data, including side effects, are transferred to centralized dashboards for analysis. […] AiCure is currently involved in collaborations to demonstrate treatment equivalence to in-person observation, such as with the Los Angeles County Department of Public Health Tuberculosis Control Program […]. 
[bookmark: _Toc536101279]Discussion and Conclusion
Theoretical Contribution
We add to theories of business models. Prior research suggests the importance of business model patterns for business model innovation (Abdelkafi et al., 2013) and the configurational nature of business models (Afuah & Tucci, 2003; Teece, 2018). However, empirical research on both constructs have been scarce. Addressing this gap, we explored how technology-centred ventures rely on combinations of well-documented business model patterns, which facilitate achieving fitness in their business models driving high financial performance.
Extant business model theory has generated formalizations of successfully proven combinations of business model elements into consistent patterns. Our main contribution relates to the identification of context-specific, high-performing business model pattern configurations, that is recurring, consistent combinations of business model patterns. We advance business model theory by providing insights into the context of generic business model patterns. Previous research has emphasized the importance to consolidate a certain context, problem, and solution, in the formalization of patterns (Alexander, 1979; Cloutier & Verma, 2007). By definition, generic business model patterns can be observed across a variety of contexts. Yet, one can assume that their usefulness is context-dependent. Correspondingly, Remane and colleagues (2017) have contextualized a set of 200 business model patterns based on purpose and firm situation. We add to this analysis by identifying the technology-context, in which firms apply the generic patterns identified by Gassmann and colleagues (2017). Table 5‑1 provides an overview of the relative frequency of individual patterns contextualized by the sampled technology domains.



[bookmark: _Ref532287113][bookmark: _Toc536101334]Table 5‑1: Relative frequency of individual patterns

	
	TOTAL
	
	AI/ML
	AR/VR
	DRON

	Layer Player
	63.2%
	
	64.3%
	59.0%
	65.7%

	Solution Provider
	55.1%
	
	50.2%
	53.0%
	65.7%

	OBM
	41.9%
	
	39.0%
	45.0%
	43.4%

	Self-Service
	25.9%
	
	32.7%
	19.0%
	21.2%

	Subscription
	21.8%
	
	27.6%
	15.0%
	18.7%

	Digitization
	20.4%
	
	15.3%
	35.0%
	14.1%

	Direct Selling
	13.0%
	
	10.8%
	11.5%
	18.2%

	Leverage Customer Data
	13.0%
	
	8.1%
	11.0%
	23.2%

	Virtualization
	12.3%
	
	3.6%
	29.5%
	9.6%

	Aikido
	11.6%
	
	1.2%
	23.5%
	17.2%

	Integrator
	11.6%
	
	4.5%
	10.0%
	25.3%

	Two-Sided Market
	9.7%
	
	7.2%
	14.5%
	9.1%

	Mass Customisation
	8.3%
	
	12.9%
	3.0%
	6.1%

	Peer-to-Peer
	7.8%
	
	3.0%
	15.0%
	8.6%

	Crowdfunding
	7.3%
	
	5.7%
	8.5%
	8.6%

	User Designed
	7.1%
	
	0.6%
	20.0%
	5.1%

	Sensor as a Service
	7.1%
	
	3.0%
	4.5%
	16.7%

	Freemium
	6.0%
	
	6.6%
	8.5%
	2.5%

	Orchestrator
	5.3%
	
	6.9%
	5.0%
	3.0%

	Pay per Use
	5.3%
	
	5.1%
	2.5%
	8.6%

	License
	4.8%
	
	3.9%
	8.0%
	3.0%

	Experience Selling
	4.2%
	
	0.0%
	8.5%
	7.1%

	Revenue Sharing
	3.7%
	
	2.7%
	6.5%
	2.5%

	No Frills
	3.6%
	
	0.0%
	4.5%
	8.6%

	Whitelabel
	3.3%
	
	1.2%
	9.0%
	1.0%

	Add-On
	3.2%
	
	0.9%
	3.0%
	7.1%

	From Push-to-Pull
	3.0%
	
	0.3%
	1.0%
	9.6%

	Guaranteed Availability
	3.0%
	
	3.6%
	0.5%
	4.6%

	Open Source
	3.0%
	
	3.6%
	3.0%
	2.0%

	Target the Poor
	2.9%
	
	3.6%
	1.5%
	3.0%

	Make More Of It
	2.5%
	
	0.0%
	5.0%
	4.0%

	Crowdsourcing
	2.3%
	
	3.0%
	1.5%
	2.0%

	Rent Instead of Buy
	2.1%
	
	2.1%
	0.5%
	3.5%

	Long Tail
	1.6%
	
	1.2%
	2.0%
	2.0%

	Robin Hood
	1.6%
	
	1.8%
	1.5%
	1.5%

	E-Commerce
	1.5%
	
	1.2%
	2.5%
	1.0%

	Hidden Revenue
	1.4%
	
	1.8%
	2.0%
	0.0%

	Cash Machine
	1.2%
	
	0.0%
	4.0%
	0.5%

	Customer Loyalty
	1.2%
	
	0.0%
	1.5%
	3.0%

	Barter
	1.0%
	
	1.2%
	0.5%
	1.0%

	Flat Rate
	0.7%
	
	0.6%
	1.0%
	0.5%

	Performance-based Contracting
	0.6%
	
	1.2%
	0.0%
	0.0%

	Supermarket
	0.6%
	
	0.6%
	0.0%
	1.0%

	Prosumer
	0.6%
	
	0.3%
	1.0%
	0.5%

	Cross Selling
	0.4%
	
	0.3%
	0.5%
	0.5%

	Ingredient Branding
	0.4%
	
	0.0%
	1.0%
	0.5%

	Lock-In
	0.4%
	
	0.3%
	1.0%
	0.0%

	Reverse Engineering
	0.4%
	
	0.0%
	0.5%
	1.0%

	Ultimate Luxury
	0.4%
	
	0.0%
	1.5%
	0.0%

	Reverse Innovation
	0.3%
	
	0.6%
	0.0%
	0.0%

	Object as Point of Sales
	0.3%
	
	0.0%
	1.0%
	0.0%

	Affiliation
	0.1%
	
	0.0%
	0.5%
	0.0%

	Auction
	0.1%
	
	0.0%
	0.5%
	0.0%

	Franchising
	0.1%
	
	0.0%
	0.5%
	0.0%

	Pay What You Want
	0.1%
	
	0.3%
	0.0%
	0.0%

	Fractional Ownership
	0.0%
	
	0.0%
	0.0%
	0.0%

	Razor and Blade
	0.0%
	
	0.0%
	0.0%
	0.0%

	Shop-in-Shop
	0.0%
	
	0.0%
	0.0%
	0.0%

	Trash-to-Cash
	0.0%
	
	0.0%
	0.0%
	0.0%

	Object Self-Service
	0.0%
	
	0.0%
	0.0%
	0.0%



Our findings further add to the emerging stream of configurational research on business models. By examining configurations of business model patterns of high-performing ventures, we contribute to the analysis of fitness between business model elements, and hence the explanation of firm performance (Doty et al., 1993; Short, Payne, & Ketchen, 2008). Previous research has indicated the possibility to combine business model patterns for systematic business model innovation (Abdelkafi et al., 2013). We identify three pattern configurations that are centred around the patterns Layer Player, Solution Provider, and Open Business Model. Combinations of these patterns match independently of the technology context. Notably, however, variants of these configurations are equally context-dependent as individual patterns. For instance, we frequently observed the pattern configuration {OBM, Solution Provider, Leverage Customer Data} among entrepreneurial ventures in drone-technology. Although all three patterns are commonly used by ventures across technology domains, we barely observed this configuration in one of the two others. 
Additionally, our findings relate to theories on open innovation. Prior research has found that external knowledge sourcing facilitates the identification of distant market opportunities (Bogers et al., 2017; Gruber, MacMillan, & Thompson, 2013). We find that this type of open innovation not only allows the identification but also pursuit of multiple opportunities when complementary capabilities exist. Complementary capabilities for the venture typically represent market access, which enables their positioning as Layer Players for a specific technology. Technology partners prove crucial to complement a venture’s products and services for the creation of complete solutions (Solution Provider). These solutions are customized and commonly comprise both hard- and software components. Partners, in return, profit from deep technology-related knowledge, often proprietary technology components, and interestingly also access to software platforms. Prior research has focused on platforms developed by incumbents on which new ventures innovate (Zahra & Nambisan, 2011). In contrast, our cases demonstrate that the setting can often found also be found the other way around: Entrepreneurial ventures develop platforms, which innovators – including incumbents – can use to experiment with a new technologies because they possess the relevant technology expertise. This fundamentally enables them to develop meaningful APIs, SDKs or other tools that enhance innovation activities.


Managerial Implications
In addition to our theoretical contributions, our findings on high-performing business model configurations offer insights for managerial practice. First, managers of technology ventures can assess their business models against the identified configurations and their domain-specific variants. This may reveal opportunities for the adoption of individual patterns to systematically combine mechanisms that have proven successful as variants in comparable technology settings. Second, the business model patterns are commonly used in workshop settings to enhance the ideation phase of business model innovation processes (Frankenberger, Weiblen, Csik, & Gassmann, 2013; Gassmann et al., 2017). Workshop participants typically receive a small set out of the 60 available patterns based on which they develop ideas for new business models. Our insights about high-performing pattern configurations can be used for the compilation of these sets. This would not hinder the workshop participants’ brainstorming activities to translate each pattern into their organizational context . Yet, it would allow for subtle guidance towards more consistent and potentially higher-performing business model ideas. Third, venture capitalists and managers of incumbents can use the knowledge about high-performing configurations to identify facilitating roles for themselves. As facilitators they can support ventures in their environment in adopting one of the high-performing business model configurations while securing value capture opportunities for themselves.
Limitations and future research
Despite the contributions of this study, we consider certain limitations to exist. These relate to both our methodological approach and the findings. Despite our focus to accommodate for limited observability and categorical fuzziness of certain patterns (e.g. data triangulation and regular discussions among researchers), we observed 20 out of 60 possible patterns in less than 1% of the sampled ventures. Different causes could have led to this outcome, including that i) the sampled ventures indeed do not make use of these patterns, ii) our data collection approach is unsuitable to detect these patterns, iii) in the course of our pattern assignment certain pattern may have received relatively higher category stretching than others. Additionally, our data analysis is based on the fixed pattern set by Gassmann and colleagues (2017). Organizational attributes that we could not relate to any of the 60 patterns were left  unconsidered. 
In total, these considerations have important implications: First, in line with our research approach and objective, the findings foremost indicate fitness (not misfit) between business model patterns. That is, we anticipate ventures that apply one of the three identified configurations in their innovative business models to achieve high-performance. Pattern combinations that were uncommon in our sample, however, do not indicate low performance. Future research may focus on the analysis of configurations of one or multiple of these patterns based on smaller sample sizes. Such smaller sample sizes would allow for alternative data collection approaches, like in-depth interviews that are better suited for their detection and interpretation. Second, in regard to the 60 business model patterns we do not expect to have overseen major organizational attributes. Due to the high-variety in the original sample that lead to the identification of the 60 patterns (e.g., firm size, industry, founding year) by Gassmann and colleagues (2017) we consider the authors to have covered the most relevant proven solution types. However, we see great benefit in updating and extending their descriptions (i.e., definitions, iconic cases, and application contexts) to increase their usefulness and reflect new, successfully proven solutions that have been triggered by emerging technologies.
Overall, this study contributes to the inquiry into business model patterns and highlights the potential of configurational approaches to business model innovation. It provides an analytical dimension to the creativity-centred ideation phase, in which business model patterns are primarily used.
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In-vivo codes

Pattern: Layer Player

IV_C1_E1_ARVR_V5160_2331

Applications of natural movement in virtual reality stretch far beyond gaming: training and simulation, fitness, virtual
tourism, virtual tradeshows and events, meet-ups and multi-person adventures, virtual workplaces, museums, VR
architecture, VR concerts... The possibilities are limitless. Source: https://www.linkedin.com/company/virtuix

—>

Pattern: Solution Provider

IV_C1_E2_ARVR_V510_2332

In October 2017, Virtuix launched OmniverseTM, the Omni’s proprietary content distribution and arcade management
platform that includes 18+ of the world’s top VR games optimized for the Omni and location-based entertainment.
Omniverse transforms the Omni into a complete entertainment solution. Source: http://www.virtuix.com/about/

—>

Pattern: Virtualization

IV_C1_A6_ARVR_V510_2338

The Virtuix Omni™ is the first virtual reality interface for moving freely and naturally in your favorite game. A
revolution in virtual reality is underway—consumers can now explore virtual worlds with the natural use of their hands
and eyes thanks to affordable devices such as the Razer Hydra and Oculus Rift. The Omni evolves virtual reality one
step further, allowing anyone to stand up and traverse virtual worlds with the natural use of their own feet.

Source: https://www.crunchbase.com/organization/virtuix

—>

Pattern: Layer Player

IV_C12_E1_DRON_V591_2619

Dedrone has an active and growing install base. Our most notable references include the Clinton-Trump presidential
debates, the Suffolk County prison in New York, the Royal Family of Qatar, the New York Mets’ stadium, and the
World Economic Forum in Davos. Dedrone, the leading airspace security company that developed the world’s first
software to detect drones and protect high-value airspace from drone threats, today announced a new alliance with
global technology integrator, World Wide Technology (WWT). Source: https://www.dedrone.com/press/dedrone-
announces-alliance-with-leading-global-technology-integrator-world-wide-technology

>

Pattern: Open Business Model

IV_C23_E3_DRON_V591_2623 & IV_C23_E3_DRON_V591_2624

Dedrone works with certified technology partners to increase airspace security through additional sensors,
countermeasures, and integration technologies.Technology partner products [...] fit each customer’s unique needs.
Source: https://www.dedrone.com/partners/technology-partners

—>

“Dedrone’s open platform and architecture allows customers to combine the best in drone detection and mitigation
technology, such as with RF sensors from Dedrone, radar from Echodyne, acoustic sensors from Squarehead, and
jammers from Battelle,” shares Joerg Lamprecht, CEO and co-founder of Dedrone.

Source: https://www.dedrone.com/press/team-dedrone-wins-first-prize-at-game-of-drones-competition

—>

Pattern: Solution Provider

IV_C13_E2_DRON_V591_2626

In the wrong hands, however, a drone’s accessibility, capabilities, and ease of flying makes it especially suitable for
hacking, surveillance, and terrorism. Dedrone protects organizations from malicious drones by securing the airspace
using advanced hardware and software technology. Source: https://www.dedrone.com/about/about-us

Pattern: Sensor as a Service

IV_C123_A9_DRON_V591_2636

"Modern security requires a layered approach that keeps up with the evolution of drone technology. Sensors connect
to our DroneTracker software, which detects, classifies, and protects against drone threats, including localizing the
drone and its pilot. Passive and active countermeasures can be triggered, tailoring the defense mechanism to the
severity of the threat. Our RF Sensors are the cornerstone of airspace security, and detect commercial, consumer,
and homebrew drones." Source: https://www.dedrone.com/products/overview

Pattern: Virtualization

IV_C123_A6_DRON_V591_2633

The Dedrone Cloud makes deployment simple, eliminating the need for on-premise servers. RF Sensors automatically
connect to the cloud, and frequent software updates ensure the airspace is protected against the latest drone
threats. For environments requiring on-premise management, local management configurations are also available.
Source: https://www.dedrone.com/products/overview

Pattern: Layer Player

IV_C3_E3_AIML_V140_636

ICarbonX created a Digital Life Alliance that brings together companies into a learning ecosystem around healthy
living, disease, and Al. Source: https://www.fastcompany.com/company/icarbonx

—>

Pattern: Solution Provider

IV_C3_E2_AIML_V140_637

Founded in October 2015, iCarbonX aims to build an ecosystem of digital life based on a combination of an
individual’s biological, behavioral and psychological data, the Internet and artificial intelligence. The management
team has deep experience in omics technology, mobile health, medical service, biological data analysis, artificial
Intelligence and data mining. Based on a growing digital life network, together with the world's leading partners, we
plan to interpret and study your digital life to provide personalized products and services for a healthier and better
life.. Source: https://www.icarbonx.com/en/news/385.html

—>

Pattern: Virtualization

IV_C3_A1_AIML_V140_640

The platform for app developers: iCarbonX offers data and platform access to app developers, making it easy for
them to develop and deliver health, wellness, and disease management apps for the millions of customers we will
reach. Source: https://www.icarbonx.com/en/products.htm/

1st order concepts

1_C1_E1_ARVR_2322

applying VR technology for natural movements
In various contexts (gaming, training, fitness,
tourism, events, sights, workplaces)

1_C1_E2_ARVR_2323

proprietary content distribution and arcade
management platform as a complete solution
for location-based entertainment

1_C1_A6_ARVR_2328

virtual reality interface allowing to travere
virtual worlds through natural movements

1_C12_E1_DRON_2613

protecting high-value airspace from drone
threats and detecting drones for events,
buildings, and individuals

1_C23_E3_DRON_2617

working with certified technology partners to
increase airspace security (additional sensors,
countermeasures, and integration technologies)
and adapt security layers to individually
customer needs

1_C23_E3_DRON_2618

open platform allowing customers to combine
the best drone detection and mitigation
technologies

1_C13_E2_DRON_2620

providing solutions comprising hard- and
software technology to protect organizations
from various threats by malicious drones

1_C123_A9_DRON_26360

sensors connected with software detect,
lassify, and protect against different drone
threats

1_C123_A6_DRON_2627

offering the Dedrone Cloud thereby eliminating
the need for on-premise servers, cloud solution
provides automatic connection with servers,
frequent software updates

1_C3_E3_AIML_636

creating Digital Life Alliance to connecting
companies into a learning ecosystem around
healthy living, disease, and Al

1_C3_E2_AIML_637

providing personalized products and services
for a healthier and better life

1_C3_A1_AIML_640

offering app developer platform to facilitate
apps around health, wellness, and disease
management

>

>

Regrouping

1_C1_E1_ARVR_2322

applying VR technology for natural movements
In various contexts (gaming, training, fitness,
tourism, events, sights, workplaces)

1_C12_E1_DRON_2613

protecting high-value airspace from drone
threats and detecting drones for events,
buildings, and individuals

1_C1_E2_ARVR_2323

proprietary content distribution and arcade
management platform as a complete solution
for location-based entertainment

1_C13_E2_DRON_26260

providing solutions comprising hard- and
software technology to protect organizations
from various threats by malicious drones

1_C3_E2_AIML_637

providing personalized products and services
for a healthier and better life

1_C23_E3_DRON_2617

working with certified technology partners to
Increase airspace security (additional sensors,
countermeasures, and integration technologies)
and adapt security layers to individually
customer needs

1_C23_E3_DRON_2618

open platform allowing customers to combine
the best drone detection and mitigation
technologies

1_C3_E3_AIML_636

creating Digital Life Alliance to connecting
companies into a learning ecosystem around
healthy living, disease, and Al

1_C123_A6_DRON_2627

offering the Dedrone Cloud thereby eliminating
the need for on-premise servers, cloud solution
provides automatic connection with servers,
frequent software updates

1_C1_A6_ARVR_2328

virtual reality interface allowing to travere
virtual worlds through natural movements

1_C123_A9_DRON_2630
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sensors connected with software detect, :
lassify, and protect against different drone |
threats |
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1_C3_A1_AIML_640
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offering app developer platform to facilitate
apps around health, wellness, and disease
management
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1st order concepts

1_C1_E1_ARVR_2322

1_E1

applying VR technology for natural movements
In various contexts (gaming, training, fitness,
tourism, events, sights, workplaces)

l

1_C12_E1_DRON_2613

protecting high-value airspace from drone
threats and detecting drones for events,
buildings, and individuals

l

1_C1_E2_ARVR_2323

1_E2

proprietary content distribution and arcade
management platform as a complete solution
for location-based entertainment

l

1_C13_E2_DRON_2620

providing solutions comprising hard- and
software technology to protect organizations
from various threats by malicious drones

l

1_C3_E2_AIML_637

providing personalized products and services
for a healthier and better life

l

1_E3

1_C23_E3_DRON_2617/

working with certified technology partners to
Increase airspace security (additional sensors,
countermeasures, and integration technologies)
and adapt security layers to individually
customer needs

1_C23_E3_DRON_2618

open platform allowing customers to combine
the best drone detection and mitigation
technologies

1_C3_E3_AIML_63

6

creating Digital Life Alliance to connecting
companies into a learning ecosystem around
healthy living, disease, and Al

1_AG

1_C123_A6_DRON_262

7/

offering the Dedrone Cloud thereby eliminating
the need for on-premise servers, cloud solution
provides automatic connection with servers,
frequent software updates

1_C1_A6_ARVR_2328

virtual reality interface allowing to travere
virtual worlds through natural movements

\m -3

Key:

AY; (In-vivo code)
1 (first-order concept)
2/3/4 (higher-order theme)

2nd order themes

2_C1_E1_ARVR_1602

facilitating natural actions in virtual
environments spanning a diverse set of
activity-based contexts (leisure, work)

2_C12_E1_DRON_1799

exploring, analyzing, and protecting airpace
spanning a diverse set of units (events,
infrastructure, individuals)

2_C1_E2_ARVR_1603

proprietary VR content platforms to offer
complete solution

2_C13_E2_DRON_1755

solutions (hard- & software) for activities
related to drone exploration or protection
thereof

2_C3_E2_AIML_430

personalized solutions (products & services) for
wellbeing

2_C3_E3_DRON_1770

(technology) partners and open platform
approach to increase solution quality and
facilitate customization

2_C3_E3_AIML_426

alliance formation for learning on application
domains (healthy living) and Al

2_C1_A6_ARVR_1508

physical interface allowing to enter and move in
virtual worlds

2_C123_A6_DRON_18604

offering cloud-based solution for ease-of-use
and security

Configuration

\m

S

7

N

Code Level Membership :‘,

3rd order themes

3_C1_E

offering complete solutions
(comprising hard- and
software, platforms) to
facilitate a variety of actions in
different contexts (leisure,
work) and for different units of
analysis (events,
infrastructure, individuals)

3_C3_E

formal (alliances, partnerships) and
iInformal collaborations (open
platform) with a variety of partners
for solution development or learning
allow to offer complete,
personalized, and high-quality
solutions (comprising hard- and
software, platforms)

3_C1_Aé6

offerings comprising virtual (e.g.,
platform) and physical components (e.g.,
interfaces) facilitate sense extending
experiences (transversing and natural
actions in both worlds)

3_C1_A6

offering outsourcing of processes into
cloud for comfort (e.g., ease-of-use) and
security

3_C3_A6

offering outsourcing of processes into
cloud for comfort (e.g., ease-of-use) and
security

Pattern Type
E (elementary pattern)
(add-on pattern)

Technology
\V Domain

4th order themes

4_C1_VAR6

—

Outsourcing of processes into
the cloud as one part of
assembling complete solutions
(suited to provide customer
comfort and security)

4_C3_VAR6

Outsourcing of processes into
the cloud enhance collaborations
with a variety of partners on
digital-centred services to
provide superior comfort and
security
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