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Abstract

Deep tech innovations and emerging competitors are putting increasing pressure on established companies
to defend their competitive position in globalized markets. With the aim of efficiently generating deep tech
innovations through access to deep technologies and thus ensuring growth, corporates are increasingly
entering into collaborations with deep tech startups. For their part, deep tech startups are seeking access to
complementary competencies in collaborations with corporates. However, due to their differences in practice
both partners often lack an understanding of transferable competencies and resources, e.g., deep
technologies, competencies, and resources. In the context of this work, a model to characterize and identify
the potentials for complementary transfer of competencies from corporates and startups within a
collaboration is elaborated. Based on an organization-theoretical delimitation of the collaboration partners,
a morphology is developed that characterizes suitable groups and dimensions for the identification of
competencies and resources. For this purpose, existing approaches for the exchange of competencies in
collaborations are analysed and the deficits in relation to deep tech startups are discussed. Based on this,
superordinate groups are derived that consider the specific characteristics of corporates and startups. The
morphology enables the description of the competencies and resources within a collaboration between
corporates and deep tech startups.
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1. Introduction

New competitors, changing customer needs and disruptive technological developments have transformed
the business environment of corporates in recent years [1]. Newly founded and highly innovative deep tech
startups enter the stage with the aim of exploiting untapped market niches [2] and, thus, put corporates under
great pressure by exposing their technological limits [3]. Instead of focusing on the exploration of
technological innovations, the organizational structure of corporates is primarily designed to maximize
efficiency, improve quality while at the same time reducing costs of existing processes to maintain their
global competitiveness [4]. In order to cope with the speed as well as the radical nature of innovations, and
to exploit technological opportunities to develop novel products and business models, which lie outside their
core activities [5], corporates are increasingly seeking strategic access to these innovations through
collaborations. This access is typically provided by startups with a distinctive technological core - a deep
technology. Deep tech startups strive to scale to become corporates one day and thus rely on the successful
development of their deep technologies [6]. However, the development represents a major challenge due to
the insufficient availability of competencies and intangible resources (e.g., know-how, market access, market
approval) [6]. In order to overcome these deficits, deep tech startups are therefore increasingly entering into
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collaboration with corporates [7]. Deep tech startups in particular can benefit from the competencies and
resources of corporates in the high-tech or medium-high-tech sector' [8]. However, due to the diversity of
requirements and inexperience in the explication of offer and supply, collaborations fail in practice because
of the unsuccessful transfer of competencies and resources [9,10]. A competitive advantage can hardly be
gained from collaboration and both partners fail to achieve their innovation goals [11]. In order to enable a
successful transfer of competencies and resources in collaboration for both parties, this paper pursues the
following research question:

How can competencies and resources, which are relevant for a transfer in a collaboration between
Corporates and Deep Tech Startups, be identified and characterized?

To answer the arising research question, this paper is structured in six consecutive sections. Whereas section
1 motivates the practical problem and indicates the research needs, section 2 introduces the applied research
methodology. In section 3, the theoretical fundamentals form the basis for a literature review in section 4.
This review elaborates the deficits of existing approaches and enables the derivation of requirements in
section 5. Following, the development of a morphology to identify relevant, transferable competencies and
resources in collaborations is discussed. Section 6 concludes the research paper by giving a short conclusion
as well as an outlook on future research.

2. Research Methodology

Due to its proximity to the engineering science and its interdisciplinary and comprehensive practical
approach, the methodology of applied sciences according to ULRICH is applied for the present work [12].
Considering that the exchange of competencies and resources in interorganizational collaboration represents
a problem from industrial practice, an application-oriented approach is chosen as research methodology.
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Figure 1: Research process according to ULRICH [12,13]

ULRICH defines seven consecutive process steps as illustrated in Fig. 1, of which steps A to E are dealt with
in this paper [13]. By addressing the increasing importance of collaborations between corporates and deep
tech startups and introducing the reader to the subject of the study, the first section covers step A. Step B is
covered in section 2 and 3 by developing a common theoretical understanding of the study object.
Subsequently, section 4 investigates existing approaches for the characterization of competencies and
resources in companies as well as in collaboration and briefly discusses their deficits (step C). Finally,
requirements are derived, thus, setting the framework for the design of a model (step D). Step E is covered
by section 5, presenting the morphological approach, and discussing the morphology development for the
characterization of competencies and resources in collaborations between corporates and deep tech startups.

! OECD (2011). ISIC Rev.3 Technology Intensity Definition. OECD. [14.10.2021] Retrieved from
https://www.oecd.org/sti/ind/48350231.pdf



3. Theoretical Background

The following section briefly introduces and defines relevant terms from the field of organization theory and
new institutional economics. To begin with, the terms corporate and deep technology startup are defined to
create a common understanding of both types of organizations. Second, motives for entering collaboration
will be elaborated by introducing relevant theories from new institutional economics.

3.1 Characteristics of Corporates and Deep Tech Startups

Corporates have the resources, power, and the required know-how on how to execute a scalable business
model. Deep tech startups offer highly innovative and disruptive ideas, organizational agility, and their
willingness to take risks to achieve rapid growth [5]. Because of the big disparity between corporates and
deep tech startups the following sections outlines the distinctive characteristics of both organizational forms.

3.1.1 Corporates

In this paper, the term corporate defines an organization which is in the maturity stage of its organizational
life cycle and is pursuing the exploitation-oriented implementation as well as scaling of established business
models [14,15]. Thereby, corporates are able to access a pool of different resources, such as various types of
human capital, associated intellectual property, financial resources, and an extensive network to key
stakeholders (e.g., suppliers, customers, legislators) [16]. Due to their typically long historical background,
corporates are capable of providing a high level of reputation as they have already made their mark within
their respective industry [4]. However, for the efficient realization of strategic goals, corporates increasingly
enter collaboration to close their own competence and resource gaps through the targeted transfer [7].

3.1.2 Deep Technology Startups

A deep technology startup (short: deep tech startup) is composed of the term’s deep technology and
startup. Even though deep technologies are widely prevalent in industry and government, to date, no
commonly accepted definition of the term deep tech exists in literature [3]. In fact, it encompasses multiple
and ambiguous characterizations from academics and practitioners, which raises the need to compile existing
explanations and align the meaning of deep tech in the context of this research.

At its nucleus, it can be stated that deep tech defines a type of technology at a very early stage of its
technology life cycle [3,17]. Accordingly, successful deep technologies represent reinterpretations of
fundamental technological capabilities with the potential to create entirely new markets and solve major
societal and environmental challenges [3,8,18]. These technological solutions can be found today in fields
like artificial intelligence, advanced materials, biotechnology, blockchain, robotics and drones, photonics
and electronics, and quantum computing [3]. Industrial areas of application can be identified among others
in healthcare, agriculture, energy use and storage, manufacturing, and consumer goods and services [18].
Despite their high innovation potential, deep tech can be distinguished from other technology classifications
by their associated risks and requirements for successful realization. SINCLAIR defines deep technologies as
a type of technology that is associated with high technological risk because technological implementation
may not be feasible [3,17]. DENOO ET AL. add up an associated market risk, as deep tech may be too advanced
to find market application [17]. In light of the presented risks, the realization of deep tech requires a strong
research base, large amount of funding and is characterized by a long time to reach market maturity [8,19].

According to GIARDINO ET AL., startups can be defined as young companies which pursue the exploration-
driven implementation and scaling of novel business models in a business environment of extreme
uncertainty [20]. Its purpose is the creation of new products or services along with the primary ambition of
rapid company growth stated by RIES [21]. Instead of an efficiency-oriented organizational structure,
according to WEIBLEN AND CHESBROUGH, startups are characterized by their agility, flexibility, and
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innovative corporate culture [5]. However, due to their liability of newness and smallness [22], startups face
a general scarcity of resources which makes them highly dependent on external support (e.g., funding) [23].
This is especially true for manufacturing startups, which require largely greater sums for producing
prototypes and later on scaling the production for commercialization [24]. Furthermore, manufacturing
startups lack skills and know-how scaling complex, yet, unique production processes [24].

Unifying existing literature on deep technologies and manufacturing startups, for the purposes of this paper,
the term deep tech startup is defined as:

"A deep tech startup is a newly found enterprise with a physical key offering that needs to be manufactured
and that is based on a systemic innovation with the potential for disruptive market changes. Deep tech
startups originate from an industry focus in high-tech or medium-high-tech sector and an essential
expertise of the founding team in deep technologies."

Subsequently, a deep tech startup can be characterized by the following characteristics. First, deep tech
startups face a high technological risk, as deep technologies are based on a true technological innovation
and, technological feasibility may not be guaranteed [17,25]. Second, deep tech startups are confronted with
high investment needs in terms of extensive access to resources and competencies (e.g., funding, business
and technical know-how, access to facilities) to successfully develop deep technologies [8]. Third, they face
a high risk of proving market demand and, thus, commercial application might not be given [17]. Moreover,
deep tech startups are characterized by their challenging industrialization process of deep tech products
comprising hardware, which require a set of industrial competencies to procure, manufacture and scale [8].

3.2 Competitive Advantages through Collaboration

Collaboration between corporates and deep tech startups can be defined as a voluntary agreement between
two independent partners working together to achieve business goals more efficiently [26]. As PICOT AND
WOLFF developed, the transaction cost theory states that the form of coordination should be preferred
whose transaction costs are minimal [27]. In this context, transaction costs refer to all costs that arise from
the exchange of property rights associated with goods or services between two partners [28]. Eventually, the
transaction cost theory describes a market-hierarchy dichotomy and, thus, represents a valuable explanatory
approach for the emergence of collaborations [29,30]. Thereby, collaboration can be seen as a hybrid form
of coordination that has a certain degree of stability (proximity to hierarchy) and at the same time flexibility
for the partners involved (proximity to the market) [27]. The resource-based view states that the success of
a company is significantly influenced by the availability and utilization of resources [31]. According to
DAFT, resources are defined as all assets, capabilities, organizational processes, information, know-how,
reputation, etc. controlled by a firm [32]. Referring to the resource-based view, a company generates a
competitive advantage if it has key resources and uses them efficiently [33]. Since a company cannot have
all resources it needs itself, collaboration is a suitable way of ensuring access to missing resources [34]. The
relational view represents an explanatory approach which builds on the transaction cost theory and the
resource-based view [35]. It states that companies can achieve a competitive advantage through collective
rather than individual action by bundling resources and competencies in an appropriate organizational
framework [34]. DYER, SINGH AND HESTERLY define four essential success factors to achieve competitive
advantages within the scope of a collaboration - investments in common resources, knowledge transfer,
resource transfer, and a suitable institutional frame [36].

3.3 Competencies and Resources in Collaboration

The concept of organizational competencies can be viewed differently within an organization. From a
strategic management perspective, competencies can be defined as a combination of resources and
capabilities [37,38]. The presence of competencies, thus, implies having the required know-how and skills
to successfully utilize the tangible resources of a company in an economic way to earn a competitive
4



advantage [39]. As such, (core) competencies can be a source of strategic competitiveness and, thus,
represent an important subject of collaboration [40]. In the context of this work, the term resource only refers
to the availability of tangible (e.g., equipment, capital, or facilities) and intangible resources (e.g., reputation)
of a company which can be shared or transferred in collaboration [41]. Competencies in the context of this
paper are understood as intangible know-how to use tangible, financial or organizational resources.

4. Literature Review

The following section presents problem-specific shortcomings in literature to derive requirements for the
subsequent model development. Thereby, the focus of the literature review rests on two areas. First,
established approaches for the identification of competencies in companies are presented. Second, existing
approaches for the identification of transferable competencies and resources in collaboration are reviewed.

4.1 Approaches for the Identification of Core Competencies

In literature, a variety of approaches for the identification of (core) competencies can be found, each with a
different focus. One of the first and best-known approaches was developed by the authors PRAHALAD &
HAMEL which laid the cornerstone for the Core-Competency Approach. As an initial literature screening
revealed, the approaches of PRAHALAD AND HAMEL [40], TAMPOE [42], and STEINLE ET AL. [43] are suited
to identify core competencies of corporates and startups and therefore will be presented in the following.

PRAHALAD AND HAMEL's approach is based on the idea that every company can be represented by a portfolio
of business units and (core) competencies [40]. For the identification of core competencies and the derivation
of strategic recommendations for action, the authors propose a holistic allocation of all resources directly
involved in the generation of market performance and the subsequent evaluation [40]. Despite the received
popularity, this approach is criticized as well. One key aspect of criticism is the lack of concrete guidance
on how to identify and classify resources. Therefore, the practical applicability is often questioned.

Building on the concept of PRAHALAD AND HAMEL, the approach of TAMPOE states that core competencies
can be primarily found within a technical system [42]. In order to identify core competencies, TAMPOE
suggests the analysis of successful products and the extraction of their specific technologies. Thereby,
TAMPOE’S approach focuses on technical systems which are relevant for a number of industries. However,
it can be criticized, that a pure focus on technical systems might not include all industries, especially not
those in which the role of technologies plays only a subsidiary role. Additionally, TAMPOE’S approach has
been criticized because it focuses only on already successful established products, neglecting innovations.
Since core competencies have a much longer life cycle than products, a focus on successful products neglects
hidden core competencies rooted in the company's history. [42]

STEINLE ET AL. follow a rather qualitative approach [43]. Thereby, the authors suggest the performance of
semi-standardized interviews with cross-functional key persons to gain information about the availability of
competencies for the subsequent development of competency networks. In the process, selected questions
are asked about past successes and future opportunities. On a positive note, a past-, present- and future-
oriented perspective is taken, thus, providing a comprehensive view of core competencies. On a negative
note, the approach is criticized for including only subjective opinions. Furthermore, a neglect of the external
perspective (e.g., customers, suppliers, etc.) must be noted since only internal opinions are included in the
process.

4.2 Approaches for the Systematic Transfer of Competencies

It can be found that theoretical approaches for the identification of transferable resources are discussed rather
superficially in literature. However, the authors aim to present and discuss two relevant approaches.



The authors PODMETINA ET AL. focus on the identification of competencies for the successful
implementation of open innovation projects [44]. Thereby, the authors develop the so-called “Competency
Model” which describes an arrangement of relevant individual professional competencies for collaboration.
The model has strengths in the development and detailed derivation of collaboration competencies. However,
due to the pure focus on intangible competencies, it neglects tangible resources like funding, machines,
equipment, etc. and thus does not provide a holistic picture of collaboration [44].

The authors RUSANEN ET AL. explore how companies access resources through network relationships when
developing service innovations [45]. Thereby, the authors identify the types of resource that companies seek
from other actors and examine resource access strategies that can be applied to access each type of resource.
The authors state that the transferability of resources is highly dependent on the type of resources. In this
connection, physical resources, and general information (e.g., machines, equipment, industry information,
etc.) possess a higher level of transferability compared to tacit knowledge and organizational routines (e.g.,
know-how, reputation, trusted relationships to third parties, etc.). Its strengths lie in its holistic view of
tangible and intangible resources, which covers a broader framework of collaboration. However, weaknesses
result from the rather superficial description of exchangeable resources. Therefore, the description of
transferable resources remains at a high strategic level and does not address specific resources.

4.3 Interim Summary

In total, three superordinate deficits can be identified regarding the transfer of competencies and resources
in collaboration between corporates and deep tech startups. First, the current state of research lacks a
systematic approach that captures a set of transferable tangible resources and competencies which are
required in collaboration between corporates and startups. Second, literature exists in terms of corporate and
startup collaboration, even though to date there is no approach that includes the specific characteristics of
deep tech startups. Third, there are approaches for identification of competencies and resources in
collaboration, while no approach determines the actual supply and demand for resources and competencies
in collaboration. Combined with the problems in practice, the identified shortcomings in theory serve as
inputs for the derivation of model requirements. These mark the beginning of a targeted model development.

5. Results

The results of this paper describe the conception of the model for the characterization of competencies and
resources in collaboration, marking step E in the research process of applied sciences (see section 2).

5.1 Derivation of Requirements

A model for the identification of resources and competencies shall address the deficits presented in the last
section. For this purpose, relevant textual and formal requirements are derived and serve as a framework for
the development of a model.

Formal requirements serve as a guideline for the development of models and are based on model-
theoretical principles. The aim is to ensure the effectiveness and applicability of the model. In his work,
PATZAK defines the empirical and formal correctness, the fit for the intended purpose, the manageability as
well as the quality of the results as main characteristics. In the present work, these characteristics are adopted
as formal requirements [46].

While formal requirements are based on model-theoretical principles, textual requirements serve to close
the presented shortcomings in literature and specify the target area of the model to be developed. Due to the
intention of developing deep tech products or innovating with deep technologies [47], the first textual
requirement considers that the resources and competencies to be exchanged enable the development of

such products or innovations. Since corporates seek collaboration to gain access to complementary deep tech
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products and technologies [22,48], it is of major importance to consider resources and competencies with
the potential to support this intention. This is equally important for deep tech startups, which are exposed to
a general scarcity of resources, and seek collaboration to get access to competencies which help realizing a
market-ready scaling of products and production [3,8,49]. To date, the specific characteristics of deep tech
startups are not integrated in the discussion of competencies and resources. However, the authors note that
the characteristics of deep tech startups arouse the interest of corporates on the one hand and explain the
need for competencies and resources on the other. Therefore, the second textual requirement must ensure
that the characteristics of deep tech startups (see section 3.1.2) are considered within the scope of this
model. This includes the liability of newness and smallness [22], as well as scarcity of resources [23], and
the characteristics of a deep technology regarding the technological risk [25], the market risk [17] and the
accompanied extensive resource requirements [8]. The third textual requirement derived from the previous
sections addresses the diversity of needs in terms of competencies and resources. As outlined, the access
to deep technologies is linked to the provision and the usability of a complex set of competencies and
resources (see section 3.1.2). Whereas deep tech startups have multiple needs for specialized resources,
corporates often lack competencies and knowledge to drive deep technology developments on their own
[22]. To handle this diversity, it is necessary to help both collaboration partners to overcome their
inexperience in identifying transferable resources and competencies in the context of a deep tech
collaboration. Building on the diversity of needs in the context of deep tech innovations, the fourth textual
requirement describes the demand of an appropriate characterization of competencies and resources. As
deep tech startups have major challenges in reducing the technological risk [17,25] and proving the
marketability of their deep technology [50], the needs for competencies and resources differ along the
different development stages [51] and are highly dependent on the collaboration partner’s offer. Corporates
can only bring in suitable competencies and resources if they are aware of the required set [8].
Simultaneously, their demand depends on the competitive advantage gainable through collaboration [39].

5.2 Elaboration of the Model Structure

Collaboration can be characterised by its high degree of complexity and heterogeneity [52]. Therefore, a
model for the characterization of transferable competencies needs to have a generic and comprehensive
character to capture the various organizational implementations of collaboration [53]. Following the research
objective, the derivation and discussion of a model for the identification of transferable competencies and
resources consist of two major aspects. On the one hand, an appropriate theoretical approach needs to be
identified to categorize and record relevant sets of competencies and resources. On the other hand, specific
categories are to be developed to cope with the derived requirements of corporates and deep tech startups.

5.2.1 Scientific approach for the categorization of competencies and resources

After carefully revising, the authors consider a morphology as the best suited approach for the underlying
research objective, as it is applied to problems whose number and type of possible solutions are hardly
foreseeable and the theoretically existing optimal solution cannot be determined a priori [53]. According to
WELTER, the morphology allows a systematic classification of underlying study objects by introducing
logical and adapted objectives [54]. Further, ZWICKY describes the morphology as an approach to determine
all connections between objects, phenomena, and concepts, while avoiding interference or pre-evaluation
[55]. Since the strength of a morphology lies primarily in the systematization and characterization of objects
of observation, it is particularly well suited to identifying the relevant competencies and resources raised in
the research question of this paper. The morphological box represents one of the most important research
methods in morphology [55] and pursues the aim of a holistic ascertainment of the related objectives. The
development of a morphological box consists of five consecutive steps [55], of which the paper at hand
covers the first three: Step one addresses the exact formulation of the problem [55]. Step two includes the
characterization of all characteristic parameters which influence the solution space, whereas step three
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describes the development of the morphological box including possible solutions, characteristic dimensions,
to the given research objective [55]. Induced by the diversity of competencies and resources, as well as by
the derived requirements in the context of collaboration between deep tech startups and corporates, the
presented morphology is intended to serve as starting point for further research.

522 Derivation of a superordinate structure for the development of a morphological box

According to ZWICKY [55], the development of a morphology using the method of a morphological box
requires the characterization of the study object. A superordinate structure for the morphology is first
developed, to enable the identification of competencies and resources in collaborations between corporates
and deep tech startups.

A suitable way to address the second step of the morphological box and to identify a characterization of
possible competencies and resources in the context of the research question is to look at the life cycle of a
company. According to KANZANIJIAN, the evolution of companies proceeds along several cross-stage
development fields [51]. Whereas corporates are in a phase of continuity and strive for sustained
competitiveness, deep tech startups focus on rapid growth and the development and establishment of market
perception [6,17]. During the existence of a company, however, the needs change noticeably due to a
changing environment [56]. To capture the demand of different competencies and resources over time,
relevant development fields are derived from the deep tech startup focus. According to TECH, deep tech
startups focus on the development categories product, market and organization [57]. The high technology
risk of implementation in the context of a deep tech startup, indicates that the field of techmology
development is of major focus to enable successful startup product and market establishment [58]. Focusing
on deep tech innovations, O’CONNOR AND RICE as well as DENOO include the aspect of additionally
performing business model development activities in order to create new markets [17,59]. Since neither a
product, nor an established value creation or revenue mechanism exists on new markets, it is found to be
crucial for deep tech startups to develop a business model.

Focusing on these development areas of deep tech startups and combining them with the aim of successfully
identifying and transferring competencies and resources in collaboration, the following five characteristic
groups serve to categorize the competencies and resources: Product development comprises competencies
and resources to enhance the development of a deep tech product [60]. The category techmology
development summarizes competencies and resources with the aim to develop and improve emerging deep
technologies [47]. Market development describes a category including competencies and resources to
actively shape a market environment and to influence market developments [61,62]. The fourth category
summarizes all competencies and resources enhancing organizational development in terms of renewal of
structures and processes [63] or development of competencies to master growth induced change processes
[64]. Business model development presents the fifth category as it comprises all necessary competencies and
resources necessary to create, convey and capture value from deep technology [17,62,65]. The categories
of competencies and resources resulting from the development fields of a deep tech startup enable the
fulfillment of textual requirements. Furthermore, corporates and deep tech startups can obtain a competitive
advantage through a transfer of competencies in collaborations considering the new institution economics
(see section 3.2). With the five characteristic groups introduced, the basis is created that startups can reduce
the technical as well as the market risk of deep technology, while corporates gain access in relevant
development areas of deep technology.

5.3 Discussion of the Developed Morphology Characteristics

The applied morphological approach provides in the third step the composition of the morphological box or
multidimensional matrix with all possible solutions for the given problem [55]. Due to the complex, yet
diverse field of investigation and the early stage of research in this paper, the construction of a morphological
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box with all possible solutions appears not feasible. The characteristic dimensions derived in the
characteristic groups emerge from an extensive literature review and a consortium project on start-up
collaboration with six industrial companies. At this stage, the following discussion represents a pre-
validation in the context of this given project. As section 2 explains, verification in industrial practice is not
covered in this paper but will be carried out in the future.

Product Development

The successful establishment of a deep tech product requires competencies and resources in the introduced
category of product development. Within this field, two major aspects of a product are covered — the
development and the production. Fig. 3 illustrates potential characteristic dimensions for competencies and
resources in the field of product development.
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Figure 3: Product Development Characteristics

Value chain position competencies refer to a company's understanding of its own role and position in the
overall value chain and its ability to create meaningful value to a product [66]. In the context of a
collaboration, this dimension indicates whether a company is e.g., rather an OEM or a raw material supplier.
Despite an understanding of its own role along the entire value chain, product development competencies
relate to the availability of resources and know-how of a company for the development of new products
[67,68]. Here, relevance for this dimension emerges from the importance of a transfer of expertise but also
tangible resources between corporates and deep tech startups, as both companies cannot cover the entire
product development process themselves. After a product idea has been turned into a market-ready product,
the product scaling phase requires increasing sales by setting up a suitable production infrastructure. In this
context, the characteristic dimension of production scaling competencies allows corporates and deep tech
startups to identify competencies and resources supporting the scaled production. Production scaling touches
on the know-how and skills of a company on how to establish and coordinate an efficient production
infrastructure [69—71]. In contrast, the characteristic dimension of the production type refers to the potential
physical availability of production machinery (tangible resources) which can be shared in collaboration
[69,72,73]. Due to a lack of management experience and capital-intensive production resources, deep tech
startups typically have a great need for the production competencies of their corporate partners. Besides the
availability of production resources, the dimension of the production resources utilization also plays an
important role for deep tech startups, as it describes the availability of a company’s key resources for
manufacturing a product [69,72,73]. For the profound elaboration of product development, the procurement
of resources should be investigated as well. Therefore, the characteristic dimension of the procurement
focus covers the experience-based competencies of a company for the strategic establishment and handling
of a supplier network [74,75], indicating e.g. synergy benefits or a procurement network. Closely linked to
the production resources and the procurement competencies, a morphology for the group product
development should eventually consider the production network touching on the geographical dispersion
of production facilities [76,77] on a local, national or international level.

Technology Development

Major driver of deep tech startups are deep technologies. These technologies need to be developed in order
to minimize the technological feasibility risk [17]. In consequence, the involvement of competencies and
resources in the field of technology development play an important role in collaboration between corporates
and startups. The discussion of characteristic dimensions is summarized in Fig. 4.
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Figure 4: Technology Development Morphology

The characteristic dimension technology type refers to the availability of technological know-how of a
company for the development of a specific type of technology, such as product or production technologies
[47]. Especially for corporates that want to explore deep technology opportunities outside their core
competencies, collaboration can offer access to specialized competencies. Following, the characteristic
dimension of technology development stages refers to a company's availability of competencies and
resources to successfully master all technology readiness levels [78]. Despite know-how, this involves the
availability of an established research infrastructure, validation capacities, and excessive funding. The
dimension technological application focus determines in which application areas of deep tech a company,
for example sensing or computation, potentially possess competencies and resources for development [3].
The characteristic of technological resources utilization summarizes the availability of key resources of a
company to develop a specific deep technology [47,79]. Last, the technology development focus refers to
a company’s strategic position in terms of technology development [47], and indicates the potential support
through a corporate.

Market Development

Not only do deep tech startups face a higher technology risk compared to typical startups, but they also face
a higher market risk [17]. Therefore, deep tech startups are highly depending on resources and competencies
of established corporates in collaboration, especially in terms of market development (Fig. 5).
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Figure 5: Market Development Morphology

The dimension market type describes a company's competencies to sell a specific type of product in a
market [79]. Thereby, product markets can be distinguished in e.g., durable, or non-durable consumer goods,
as companies which seek to enter new markets and industries aim to benefit from the competencies of
companies already present in product markets. Since deep tech startups aim to establish products in not yet
existing markets, they are dealing with a variety of stakeholders. Thus, stakeholder management
competencies are summarized, referring to a company's access to key stakeholders and, beyond that, the
ability to manage and build strong relationships [80]. Additionally, the dimension of customer type extends
the market on to competencies around the customer [79,81], for example business-to-business or busines-to-
consumer. These include customer understanding, customer approach and customer acquisition. A further
characteristic dimension of competencies and resources are marketing and sales competencies, referring
to a company's know-how of effectively promoting and selling a product as well as access to an established
customer network [82]. Due to their liability of smallness, deep tech startups are particularly interested in
gaining access to marketing and sales competencies to enable company growth. Developing a market, one
also needs to consider the dimension type of distribution, e.g., direct sale or e-commerce. Here, the focus
is on access to a distribution infrastructure, which can be digital or physical [79]. In this context, the
distribution network as dimension focuses on a company's competencies to build a local, national, or
globalized distribution infrastructure [79].
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Organizational Development

As both collaboration partners face major organizational challenges in their respective life cycle phases [80],
the field of organizational shall comprise all competencies and resources for future organizational
development [81]. Collaborations enable the transfer of characteristic dimensions in organizational
development, which are summarized in Fig. 6.

Characteristic
Group

Organiztional Development

Characteristic Organizational Focus of Employee Reputational Funding Financial
Dimensions Structure Skill Set Resources Competencies Resources

Figure 6: Organizational Development Morphology

Thereby, one key characteristic dimension is the organizational structure summarizing the ability of an
organization to set up an organizational structure and a process landscape which fit their strategy (e.g.,
exploitation against exploration, functional structure vs. matrix structure) [82]. As part of organizational
development, the characteristic focus of employee skill sets touches on the competencies of a company’s
employees, e.g. in terms production, R&D, and which can represent a competitive advantage [80]. In
collaboration between corporates and deep tech startups, both companies aim to transfer specialized know-
how of their partner to gain a competitive advantage. The dimension of reputational resources deals with
the external perception of an organisation towards its many stakeholders such as customers, suppliers, or
investors [83]. The improvement of its own reputation, for example in terms of product quality or financial
resources, represents one central aspect of collaborations between corporates and deep tech startups and is
summarized in this characteristic. The characteristic dimension of funding competencies refers to a
company's know-how in terms of organizational financing [84]. When discussing transferable competencies
and resources in the context of collaboration with a deep tech startup, funding competencies such as equity,
debt, or venture capital play an important role, since they affect all development fields of a deep tech startup.
Similarly, financial resources are a key resource of corporates as this dimension describes the monetary
availability of capital resources and the willingness of corporates to invest money in deep tech startups [84].

Business Model Development

The purpose of any company is to establish a viable business model to enable growth and continuing
existence [85]. As introduced, both collaboration partners are interested in competencies and resources
enhancing business model development. Within this characteristic group, the major characteristic
dimensions are presented in Fig. 7 and discussed in the following sub-section.

Characteristic
Group

Business Model Development

Characteristic

Dimensions Value Creation Competencies Entrepreneurial Key Competencies Revenue Generation Competencies

Figure 7: Business Model Development Morphology

As they describe the core of a business model, value creation competencies refer to a company's ability to
understand what kind of value it creates for its customers and how it can differentiate itself from the
competition [86]. In collaboration, deep tech startups can benefit from the corporates expertise in creating
value for customers for example in terms of cost leadership, product quality or user experience and
establishing value creation competencies, while at the same time corporates can access new ways of creating
value. The dimension of entrepreneurial key competencies comprises the abilities of company to scale
business models efficiently [87]. Here, a focus could for example lie in ideas-to-market, market-to-customer,
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or customer-to cash. As another fundamental part of business model development, companies must find a
way to monetize their product. Therefore, revenue generation competencies touch on a company’s
experience in generating revenues by setting up innovative revenue models [88]. Competencies and
resources within this characteristic dimension support the successful implementation of a revenue model for
deep tech innovations, such as markup models or subscription models.

After presenting, it can be concluded that the presented characteristic groups follow the morphological
approach by ZWICKY [55] and depict a suitable description and categorization of transferable competencies
and resources in collaboration between corporates and deep tech startups. The characteristic dimensions are
based on the life cycles of companies and consider the derived requirements in the context of deep tech
startups. However, the characteristic dimensions introduced represent only the initial development of a
morphological box for identifying transferable competencies and resources. As a verification in practice
could not be performed to date, completeness of the characteristic dimensions cannot yet be guaranteed.

6. Conclusion and Future Research

The aim of this paper was the development of a model for the systematic characterization of transferable
competencies and resources in collaborations between corporates and deep tech startups. Following ZWICKY,
the morphological approach was identified as suitable approach for the model development [55]. Thereby, a
total of five characteristic groups could be identified as categories for the identification of competencies and
resources: Product development, technology development, market development, organizational
development, and business model development. For a systematic representation, the development of a
morphology using these five groups was outlined. Within the characteristic development groups, the
subordinate dimensions of competencies and resources were presented and discussed. It was shown that the
systematic identification and characterization of competencies and resources can enable both partners to
define transferable competencies and resources of interest in a specific context. The findings of this work
outline that deep tech startups require access to the valuable knowledge and resources of corporates to fulfil
their growth ambitions. At the same time, corporates seek access to deep technologies to ensure their ability
to innovate and, thus, launch new products and business models in untapped markets.

With the morphology developed and discussed within this work, a foundation for further investigation of
competency and resource transfer in collaboration between corporates and deep tech startups has been
created. Based on the results discussed here, steps four and five (see section 5.2.1) need to be carried out in
future research to develop a morphology according to ZWICKY. Through the guided discussion of dimensions
from the literature, practitioners are provided with guidance that allows for the encapsulation of
inefficiencies and time. The applicability of the particularly relevant competencies and resources is to be
achieved through prioritization within the morphology. Accordingly, all characteristic dimensions need to
be analysed and evaluated against the background of the purpose of application. As introduced, the best
solutions need to be selected and validated in a practical application. The morphological model developed
in this way can further be integrated into a procedure for designing collaborations between corporates and
start-ups. This procedure is subject of an ongoing dissertation project and will be continuously detailed
within the research work.
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