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Abstract: The COVID-19 pandemic has caused huge and disruptive technological changes in the
healthcare sector, transforming the way businesses and societies function. To respond to the global
health crisis, there have been numerous innovation projects in the healthcare sector, including the
fast design and manufacturing of personal protective equipment (PPE) and medical devices, and
testing, treatment, and vaccine technologies. Many of these innovative activities happen beyond
organizational boundaries with collaboration and open innovation. In this paper, we review the
current literature on open innovation strategy during the pandemic and adopt the co-evolution view
of business ecosystems to address the context of change. Based on a detailed exploration of the
COVID-19-related technologies in the UK and global healthcare sectors, we identify the key emerging
themes of open innovation in crisis. Further discussions are conducted in relation to each theme. Our
results and analysis can help provide policy recommendations for the healthcare sector, businesses,
and society to recover from the crisis.

Keywords: open innovation; ecosystem; digitalization; COVID-19

1. Introduction and Background

Since Spring 2020, the COVID-19 pandemic has caused huge disruptions to the health-
care sector, the impacts of which are felt widely in businesses and society. The worldwide
public service emergency and ensuing shutdowns of economic activity have put technolog-
ical innovation at the center of debate. It has pushed business to react rapidly to challenges,
such as real-time decision making and business continuity, in innovative ways [1]. To
respond to this global health crisis, there have been innovative incentives in the healthcare
sector to accelerate the design and production of personal protective equipment (PPE)
based on 3D printing technologies and online crowdsourcing platforms. Manufacturing
companies have converted part of their production line to make hand sanitizers. Medical
companies have considered the re-adjustment of drugs and vaccine technologies which
had been already approved for other medical use. Many of these innovative activities
happen beyond organizational boundaries in an open, collaborative way. The mobiliza-
tion of knowledge across organizations and industries demonstrates the feature of open
innovation [2], which is defined as “the use of purposive inflows and outflows of knowledge to
accelerate internal innovation, and expand the markets for external use of innovation, respectively.
[This paradigm] assumes that firms can and should use external ideas as well as internal ideas,
and internal and external paths to market, as they look to advance their technology” [3] (p. 1).
In the open innovation paradigm, organizations exchange ideas and knowledge between
internal and external sources to promote innovation in the forms of new products, services,
processes, and business models.

J. Open Innov. Technol. Mark. Complex. 2022, 8, 21. https://doi.org/10.3390/joitmc8010021 https://www.mdpi.com/journal/joitmc

https://doi.org/10.3390/joitmc8010021
https://doi.org/10.3390/joitmc8010021
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/joitmc
https://www.mdpi.com
https://doi.org/10.3390/joitmc8010021
https://www.mdpi.com/journal/joitmc
https://www.mdpi.com/article/10.3390/joitmc8010021?type=check_update&version=1


J. Open Innov. Technol. Mark. Complex. 2022, 8, 21 2 of 15

The pandemic has also dramatically changed the way organizations operate. Mean-
while, issues of social innovation and user innovation extend the context of open innovation
and ecosystems by providing new products, services, or solutions which can solve social
problems [4]. Additionally, with the recent technology advancement of digitalization,
big data, 3D printing technology, and Internet of Things (IoT), Artificial Intelligence (AI),
Virtual Reality (VR), and Augmented Reality (AR), digital and platform innovation based
on the Internet becomes an emerging stream of innovation to transform business and social
relationships with openness, affordances, and generativity [5].

Meanwhile, to build business resilience during this emergency, organizations should
think beyond the traditional boundaries of the supply chain [6]. This phenomenon is linked
to the concept of a business ecosystem, an economic community supported by a foundation
of interacting organizations and individuals, where participants co-evolve their capabilities
and roles and tend to align themselves with the directions set by one or more central
companies [7]. With the COVID-19 disruptions and challenging situations in a global
economy featured with volatility, uncertainty, complexity, and ambiguity (VUCA), such a
business ecosystem can provide a context for new supply chain transformation, highlighting
co-evolution, dynamics, and interactions [8,9]. The view of ecosystems can potentially be
applied to open innovation with a further extension of the innovation boundaries.

The impact of COVID-19 on businesses, society, and academic research has received
much attention since March 2020. In the healthcare sector, there have been studies high-
lighting fast and frugal innovation [10] and reverse innovation and crowdsourcing [11]
with empirical evidence, while others explore innovation across broader sectors. Despite
this, a limited amount of evidence is found and, in fact, how open innovation strategy can
be performed in times of crisis is still a new topic [2].

Considering the above background, the key research question of this paper is “How
can open innovation strategy help the healthcare sector to achieve flexibility and resilience
in response to the COVID-19 crisis?” It provides an overview of the open innovation
process that is pivotal in understanding the technological disruption amid the healthcare
crisis. It aims to contribute to the theory of open innovation by exploring its new meanings,
approaches, and connection to the business ecosystem paradigm during crisis. Also, as
recent years have seen a rapid pace of globalization of financial markets and technological
innovations, this implies that a severe shock, such as COVID-19 spreading throughout the
globe, has raised significant challenges for the urgent research need for regulatory policies
and effective governance that serve in critical and recovery times.

2. Literature Review
2.1. Open Innovation

In the traditional closed innovation model, large firms tend to conduct Research
and Development (R&D) internally, getting to market first and protecting intellectual
property (IP) from competitors [12]. In contrast, the concept of open innovation, i.e.,
generating knowledge and profiting from it through internal and external exchange and
breaking organizational boundaries, has attracted wide academic research and business
practices. There are three broad types of open innovation. Inbound (outside-in) open
innovation activities normally include IP in-licensing, idea and start-up competition, and
crowdsourcing, whereas spin-offs and corporate business incubation are examples of
outbound (inside-out) activities [13]. Coupled open innovation exhibits the features of
both inbound and outbound open innovation, as seen in several strategies, such as co-
development, complementary partners through alliances, and joint ventures [13].

Extant studies have shown that open innovation can lead to organization performance
improvement in terms of more profitability [14], better R&D performance [15], customer
satisfaction [16], and product innovativeness [17]. While informal open innovation strate-
gies include crowdsourcing, formal collaboration, and integrated approaches can take
the form of joint ventures, consortia, and cross-industry alliances [18]. As an established
paradigm in innovation management, the two main strands of research on open innovation
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focus on broadening its definitions, and a move towards a collaborative and integrative
approach [19].

More recently, several studies have extended the scope of open innovation at micro
and macro levels [20]. At the micro level, an ambidextrous open innovation model should
concern the nature of the output in terms of products and services [21]. At the macro level,
there are interactions among open innovation systems formed with small- and medium-
sized enterprises’ (SMEs’) knowledge sharing, closed innovation system led by large firms,
and social innovation system with society engagement [22]. In the long term, there is a need
to integrate micro- and macro-open innovation dynamics to achieve sustainability-oriented
innovation [20].

Open innovation plays a moderating role during the financial crisis [23]. Openness
is the common feature of innovation in medical science through ways of sharing medical
research in a machine-readable form (outside-in), sharing designs of masks and hand
sanitizer (outside-in), opening up ventilator design and IP (inside-out), and converting
manufacturing processes to produce scarce supplies (inside-out) [2]. User innovation and
ideas come from non-conventional sources and can also contribute to the solution during
a crisis [2]. It is found that crowdsourcing has helped to tackle the pandemic through
engaging with healthcare providers, industries, governments, academics, and the civil
community in an open and collaborative approach [24]. Through online problem solving
and using an innovative sourcing model, crowdsourcing provides is low cost, rapid, and
has potential to accelerate research [25]. Other studies explore the impact of COVID-19 on
technologies and value chain with evidence of innovative processes aiming for business
resilience [1] and how innovation policies can promote open innovation [19,26]

Nevertheless, in general, innovation in times of crisis is an under-studied topic in the
stream of innovation management literature [2].

2.2. Ecosystem and Systems of Innovation

While implementing an open innovation strategy is primarily led by a focal, large firm
or SMEs collectively, innovation systems and ecosystems have expanded the scale of open
innovation to national and regional levels with multiple innovative actors.

At the regional level, the Triple Helix model provides the dynamic connection involv-
ing a network of relationships [27]. The system consists of an evolutionary process in which
each helix of universities, industries, and governments keeps its distinctive characteristics
while simultaneously assuming the role of the others in a non-static, non-linear way [27]. A
further developed model regards media and culture-based civil society as a new innova-
tive actor, which forms the Quadruple Helix with a combination of top-down university,
industry, and government policy-driven innovation and bottom-up society initiatives [28].
While there is now a large body of literature on Triple Helix models based on the condition
that innovation systems can be planned in a stable circumstance, relatively little exists on
how the Triple Helix can function during a crisis, especially in response to the unexpected
global disruption caused the COVID-19 pandemic.

The concept of ecosystem is often formed from the perspective of focal innovation or
a focal firm with the structure-based view and co-evolution-based view, respectively [8].
The boundary of an ecosystem is wider than region- or nation-based systems of innovation,
such as the Triple Helix system. The structure-based view often refers to the innovation
ecosystem, which is defined as “the complex relationships that are formed between actors or
entities whose functional goal is to enable technology development and innovation” [29] (p. 2).
Inside the ecosystem, knowledge creation, development, transfer, and exchange are oper-
ated among economic agents and non-economic parties, such as technology, institutions,
sociological interactions, and culture [30]. The focal firm approaches the alignment of part-
ners and secures its roles, while providing a governance structure to deal with non-generic
complementarities [31]. The structure-based view addresses the ecosystem as a structure of
multilateral interdependences [31,32], yet it does not cover the starting point to evoke the
ecosystem logic [8].
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In contrast, a coevolution-based view can be traced back to the concept that “ecosystem
is an economic community supported by a foundation of interacting organizations and
individuals—the organisms of the business world” [33] (p. 26). Ecosystem can facilitate
evolutionary dynamics [33,34]. Thus, the ecosystem is a complex adaptive system which
reacts to external disruptions and absorb opportunities [8]. In addition, a holistic model
indicates that business ecosystems can start with a resource pool in social networks, then
through innovation systems it can transform the fragmented resource into an integrated
industrial system, and eventually through the iteration process it is re-embedded back to
the resource pool [35]. However, there is still a need to validate the model with empirical
evidence.

The ecosystem theory provides a perspective to understand evolution and changes
faced by high external uncertainty in the VUCA framework, such as the COVID-19 pan-
demic. Nevertheless, there is currently a limited number of studies on how an ecosystem
can facilitate new products, processes, and business model innovations in times of crisis.
Its emphasis on collaboration and dynamic evaluation can potentially be linked to open
innovation strategy, which opens an avenue for contributions to the literature.

3. Research Methodology

Extant literature has provided the theoretical foundation for open innovation strategy
at firm, inter-firm, and regional levels. However, they are mainly based on the facts that
the input of innovation, such as technology’s ability to be planned, and the output, such
as products and services having commercial potential or predicting demand through the
sales and marketing strategy. There is a need to answer the research question “How can
open innovation strategy help the healthcare sector to achieve flexibility and resilience in
response to the COVID-19 crisis?”. In this paper, we simply define open innovation as
innovation strategies and activities happening beyond the boundary of one organization.
Our research method is shown in Figure 1, which combines a structured literature review,
secondary document review. and thematic analysis.
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First, the structured literature review is conducted with the aim of identifying key
concepts and connections between open innovation and the COVID-19 crisis. By using
‘innovation’, ‘COVID-19’ and ‘healthcare’ as the key words appearing in the abstract or
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author-supplied abstract to search publications in the database of Business Source Premier
and EBSCO, we found 24 papers published since 2020 as peer-reviewed journal papers.
Then the papers are further screened down according to whether the study concerns open
innovation, meaning innovative activities happening beyond one organization. Nine core
papers are examined in detail with the key findings summarized in Table 1.

Table 1. Findings of healthcare open innovation in response to COVID-19 from the literature review.

Paper Key Findings

Suresh et al. [36]
The paper analyzes the factors influencing the healthcare system during COVID-19 using a TISM
approach. Accessibility and availability of the required resources, training and development, and
collaboration and resilience are the key driving factors.

Mallikarjuna et al. [37]
This paper supports deep neural network (DNN) analysis in healthcare and the COVID-19 pandemic
and gives the smart contract procedure to identify the feature extracted data (FED) from the existing
data. At the same time, the innovation will be useful to analyze future diseases.

Abidi et al. [38]

The challenges and constraints imposed by the COVID-19 pandemic have demonstrated the
importance of coordinating the efforts of all parties, including those of entrepreneurial universities in
order to develop vaccines and generate healthcare solutions, which could be patented and
commercialized afterwards.

Chiarini et al. [39]

During the COVID-19 pandemic, many manufacturing companies quickly adopted a network-based
production approach to provide a rapid response to healthcare organizations needing PPEs. This
paper addresses the topic of social manufacturing, with the aim of understanding the key features of
such a new manufacturing, network-based model, its enabling factors, and the reasons why a
company should join and/or establish it.

Vermicelli et al. [24] Crowdsourcing and harnessing the power of crowds and online communities can help tackle the
COVID-19 pandemic

Abbassi et al. [40]
The paper explores how a crisis can spontaneously create these collaborations between the maker’s
community, the users (public healthcare professionals), and key stakeholders (universities, civil
society, and the private sector among others) in PPE production.

Guarcello and Raupp [41]
Taking the widespread adoption of telemedicine as an example of innovation processes, the paper
identifies which key innovation determinants are participating in the innovation adoption process
and what type of contextual conditions are relevant for its development

Hanisch and Rake [42] In the trials concerning drug testing, we find that drug repurposing is a predominant
innovation strategy

Dąbrowska et al. [43]
This paper illustrates how GetUsPPE, a community-driven platform, emerged during the crisis as a
response to the PPE shortage and rapidly established an ecosystem that brings together a diverse
group of community-based stakeholders to combat the scarcity of medical consumables.

Second, to explore more ongoing details in practice, we search the secondary doc-
uments including news, industry reports, secondary interview videos and scripts, and
academic conference abstracts for innovation cases and examples. In the context of crisis,
innovation strategies normally include prevention and preparation before a crisis, response
during the crisis, and learning and revision after the crisis [44]. For a thorough investigation,
our search follows innovation alongside the crisis [11,45] which includes: (1) Prevention:
innovations to prevent the spread of the virus; (2) Monitoring: innovations to monitor
and trace the spread of the virus; (3) Containing: innovations to isolate and slow down
further spread of the virus; (4) Treatment: innovations for disease treatment and vaccine
production; (5) Recovery: innovations for recovery from the crisis and prevention of the
next wave of the pandemic. As the pandemic is not over yet, recovery-related innovation
can overlap with prevention and monitoring on a continuous base. The number of innova-
tion projects are narrowed down against our criteria, for which innovation should involve
multiple innovative actors, meaning adopting an open innovation strategy. Combinedly,
we identify 11 types of innovation projects, which are 3D printed and “do it yourself” (DIY)
PPE (e.g., university 3D printed visor projects, open source PPE design, PPE design alliance,
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3D Crowd), PPE product and process repurposing (e.g., manufacturers contributing to PPE
production), testing technology development (e.g., university testing technology projects),
contact tracing (e.g., digital tracing systems, such as COVID Near You, NHS Track, and
Trace App), E-quarantine (e.g., e-fencing), rapid hospital construction, telemedicine and
IoT/AI based healthcare (e.g., digital healthcare systems), ventilator design and produc-
tion (e.g., VentilatorChallengeUK consortium, CoVent-19 Challenge), drug and treatment
development (e.g., critical drugs, Crowd fight COVID-19), vaccine development (e.g., Ox-
ford vaccine, Moderna vaccine), and other healthcare, business, and community support
(e.g., crowdsourcing projects like TopCoder, InnoCentive, and EUvsVirus hackathon). The
features and activities of these innovative projects are identified in Table 2.

Table 2. Emerging themes of open innovation strategy.

Project Open Innovation Activities (Key Themes)

3D-printed and DIY PPE

- Passion and sense of civic duty to accelerate innovation to support the community (A)
- Users sharing designs of masks and hand sanitizer through online platforms (A, B)
- Open-source design of face shields and making them openly available for user download and

3D printing (B, C)
- Open-source PPE platform to link supply, demand, and engineering teams (B)
- PPE design based on similar products in the market/reverse engineering (C)
- Using facilities and manufacturing devices originally brought for other purposes (C)
- Working with broader partners, including those who normally would not collaborate (D)
- Alliance among manufacturers, volunteer community of printers, designers, engineers to

co-design PPE (A, D)

PPE product and
process repurpose

- Companies converting from their original process to making hand sanitizer (C)
- Reverse engineering existing products and share the design with existing manufacturers (C)
- Forming new alliances with firms’ design capability and manufacturing flexibility, based on

shared purpose (D)

Testing technology
development

- Using existing patients which were developed for testing other diseases (C)
- Approaching wider collaborators through personal relation, professional network, the health

board, and the government network (D)
- Mutual trust and civic duty to take the risk at early stages when the technology was not

ready (D)

Contact tracing

- Mobile App technology with the features of trace, alert, check-in, symptoms, test and isolate (B)
- Creating geospatial dashboards to track COVID-19 statistics in real time on national and

international scales (B)
- Online website to invite the public to report current symptoms in real time, and use of

crowdsourced data to visualize current and potential hotspots for the pandemic (A, B)

E-Quarantine - Smart system to monitor patient conditions remotely, especially those in home-quarantine. (B)

Rapid hospital
construction

- Modular prefab design (C)
- Using BIM (Building Information Modeling), including Autodesk Revit and Navisworks for

digital modeling, Enscape for model rendering, and Civil 3D for field leveling and site planning,
which helped to visualize designs, integrate specialties, and share data in real time. (B)
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Table 2. Cont.

Project Open Innovation Activities (Key Themes)

Telemedicine and IoT/AI
based healthcare

- Telehealth; robust surveillance system; technology-driven diagnostic and clinical
decision-making tools; measurable tracking devices to measure physiological parameters;
interactive chat service providing information about COVID-19; Telemedicine administered
through virtual chat bots (B)

- IoT enabled healthcare with big data, cloud computing, smart sensors, software, AI, actuators,
VR/AR, transforming from telemedicine to virtual ward, and smart hospitals (B)

Ventilator design
and production

- Online challenge platform to create CAD assemblies and prototypes of ventilators (A, B)
- Training and data sharing through digital technologies (B)
- Quick product design based on similar products and existing technologies (C)
- Forming a consortium with companies across various industries based on skills and

capabilities (D)
- Mutual trust, can-do and will-do attitudes (D)

Drug and treatment
development

- Developing drugs to treat COVID-19 based on drugs originated to treat other diseases which
are distant from the COVID-19 domain (C)

- Online call for scientific community to share medical treatment related resources and data to
fight against the decease (A, B)

Vaccine development

- Gathering and structuring data, using machine learning to make faster decisions (B)
- Emergent discovery from previous vaccine technologies for other diseases (C)
- Building technology platforms and inserting the new genetic code into the preexisting platform,

which helped to accelerate vaccine development (C)
- Cooperation of a broad set of global stakeholders, including governments, vaccine developers

and public-health organizations (D)
- Quickly forming university–industry partnership with the support from government (D)

Other healthcare, business
and community support

- Hackathon ideation challenge for the community to collect ideas to help people, governments,
and organizations during the pandemic (A, B)

- Online call for ideas to be transformed into entrepreneurial projects relating to medical and
PPE, data analysis, telemedicine, home care, diagnostics, therapy and post-therapy,
cybersecurity, logistics, smart working etc. (A, B)

- Online platform to create COVID-19 related challenges and require solution or idea
submission (A, B)

- Call for ideas and technological projects to continuously monitor the disease, as well as
solutions to help the economy to recover (A, B)

Then we conduct thematic analysis, following the procedure of generating initial codes
from the text, sorting the different codes into potential themes by providing shorter lists
of categories, grouping categories together, and reviewing and refining themes [46]. The
analysis is compared with the literature review, including the types of open innovation [12],
the ambidextrous model of product and service [21], and the nature of explorative and
exploitative innovation [21] are concerned during the data analysis. Four themes are
finalized as the findings of this paper.

4. Findings and Discussions

Through data analysis, four key themes relating to open innovation in the healthcare
sector in response to the COVID-19 era are synthesized as: (A) Crowdsourcing and so-
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cial innovation; (B) digitalization and platform innovation; (C) modularity, design, and
technology exaptation; and (D) relationship, network and ecosystem.

4.1. Crowdsourcing and Social Innovation

Through exploring crowdsourcing projects globally, it is found that crowd involvement
as innovation partners can effectively generate ideas and find solutions to fight against the
COVID-19 crisis [24]. These can be further categorized as community crowdsourcing, open
crowdsourcing, and crowdsourcing via a broker [24].

Community crowdsourcing connects the focal organization with a community with
specific resources or required knowledge [47]. For instance, Kaggle allows scientists to
share complex data analysis problems to encourage the best solution [48], and thus its rich
resource of 47,000 scientific articles about COVID-19 helped the medical community to
develop new insights [24]. CoVent-19 Challenge is another such example as an eight-week
Grand Challenge engaging engineers, innovators, and designers to foster the development
of ventilators [24]. With close links to a community with specific skills and knowledge,
community crowdsourcing can accelerate science and technological projects.

In contrast, open crowdsourcing works better for information and knowledge dis-
covery and distribution, where all individuals and users can contribute with ideas or
knowledge. This is seen in the cases of most tracking and testing related initiatives, such as
COVID Near You and COVIDTesting [24]. Another example is the European Innovation
Council led EUvsVirus, a three-day online hackathon connecting 30,000 people from the
civil society, innovators, partners, and investors across Europe to develop solutions to the
COVID-19 related challenges, resulting in 2000 project submissions. While demonstrat-
ing openness at a societal level, coordination and skill gaps in the participants remain a
problem [49]. Furthermore, crowdsourcing via a broker is seen in InnoCentive, where
challenges are set, requiring solution and idea submission via the platform [24]. In other
words, problem creators and solvers are connected by the online intermediaries.

Technical context apart, crowdsourcing shows the nature of user and social innovation,
especially in the modes of open crowdsourcing and crowdsourcing via a broker. They
demonstrate a bottom-up innovation approach, especially when the problem is emerging
and complex. Innovation can come for nonconventional sources, especially when the users
will benefit from the innovation [2]. For example, 3D Crowd is an online community of 3D
printing engineers, designers, and enthusiasts based in the UK formed in March 2020 [50].
They share ideas and designs online together, getting 3D printers installed in workshops,
homes, schools, and colleges across the country. During the pandemic, they scaled up from
1000 to 8000 volunteers with around 2500 3D printers working tirelessly 24/7 to fulfil the
community need, creating a huge, volunteer-led, distributed print farm [50]. Crowdsourc-
ing can result in a large community of volunteers who work together around a common
goal to fight the pandemic and support each other. It provides networking opportunities,
investigation of emerging social issues that are traditionally not well-defined in crowd-
sourcing related projects, and raises the awareness of responsible innovation [51,52] for the
public concern.

As seen from the above examples, crowdsourcing and social innovation serve as a
quick and effective form of inbound open innovation strategy in crisis. With the wide
connection and digital tools, crowdsourcing can quickly attract various innovative actors
to work on problems and challenges, contributing with ideas, knowledge, resources, and
solutions in a cost-effective way. The outcome of innovation can also be distributed rapidly
to the wider society due to the nature of social innovation and risk sharing. Community
crowdsourcing and crowdsourcing via a broker can define specific problems or calling for
contribution from well-defined skills and expertise, e.g., scientists, engineers, designers,
DIY makers, and investors. However, open crowdsourcing and social innovation pro-
vide collaborative approaches for further prevention and recovery, rather than providing
fundamental breakthrough solutions to manage the crisis.
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The main characteristic that distinguishes these ideas from other factors of production
is that they are completely non-rivalrous. Knowledge spillovers are intended within the
community and do not have to be generated by purposeful R&D activities. The non-rivalry
nature means that it is easy to spread a good idea based on the open innovation strategy
which can be thought of as having positive externalities at the economy level.

4.2. Digitalization and Platform Innovation

The impact of COVID-19 on new technologies is significant. In the healthcare sector,
there are numerus innovations in terms of tracking systems, technology-based social dis-
tancing, mobile app-based contact tracing systems, telemedicine, robot-based healthcare
administration systems, video consultations, e-quarantine technology [53], robot-based
patient care [54], digital quick response (QR) code check-in systems, and AI-based tempera-
ture scanning. The adoption of existing technologies to develop new products and services
has been observed in the projects of technology-based social distancing and contact tracing
technology. Meanwhile, process innovation is another area which interacts with digitaliza-
tion, as seen in the cases of telemedicine, digital check-in, and AI-based services. Even for
the rapid hospital construction projects, digital technologies have been adopted to design
modulars, visualize processes, and share the data in real time, allowing quick construction
concurrently instead of the traditional consecutive approaches in China, Mexico, and the
UK [55].

By interviewing medical experts and hospital administrators, it is found that digital
and contactless healthcare service has surged during the pandemic [56]. Through applica-
tions of Industrial 4.0 technologies including AI, IoT, big data, 3D printing, and VR/AR,
telemedicine with contactless smart services have already been implemented [56]. The
results also indicate that a hybrid healthcare service will emerge in the post COVID-19 era,
where innovative contactless healthcare services continuously provide advanced service
efficiently, due to the digital technology acceleration [56]. Already, there has been a ‘Virtual
Ward’ model in the UK to offer a systematic approach to provide enhanced support using
local intelligence for vulnerable people in the community, especially those with the most
complex medical and social needs [57]. In the long term, a smart healthcare system can be
created with digital track and trace, data analysis, and remote monitoring, AI-based patient
care, virtual wards, smart hospitals [58], and smart city systems with the characteristics of
connectivity, real-time responses, flexibility, and accuracy on a large scale.

Digital transformation not only refers to the adaptation of technologies to improve
the process and service, but it also means new business models, such as digital platforms,
which are a type of outbound open innovation. The examples of crowdsourcing demon-
strate the ability of online crowd to perform specific task or problem-solving activities [59].
Crowdsourcing via a broker can link those who define challenges and those who provide
solutions. Digital technologies have connected multiple sides of users, such as patients
and doctors, demonstrating digital transformation either through the commercialization
of digital technologies and the digitalization of process. Similar examples are observed in
online alliances, such as the Ohio Manufacturing Alliance who connects three inter-related
workstreams: (1) Demand Lead acts as the primary contact for health care providers in need
of essential PPE to gather information, such as products needed, priorities, quantities, and
specifications; (2) Supply Lead serves as the primary contact for manufacturers, suppliers,
and vendors that have volunteered to gather information on companies’ geographic reach,
capabilities, capacity, retooling needs, and on-hand inventories of products and raw materi-
als; and (3) Engineering Team is in charge of product development, assessing open-source
designs, rapid prototypes, testing new designs, offering design-for-manufacturing support,
etc. [60].

Digital transformation seems to change the open innovation process, linking internal
and external resources. It also facilitates a non-linear process, in which various innovative
actors including suppliers, universities, manufacturers, and users can co-create knowledge.
Crowdsourcing based on the Internet is inbound open innovation, whereas outbound
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open innovation is observed in most digital platforms. Overall, digital technologies can be
categorized as a coupled open innovation strategy, where data are captured, shared, and
connected from various sources, generating result analysis and patterns quickly.

4.3. Modularity, Design, and Technology Exaptation

This theme emerges mainly in PPE design and development, testing technology de-
velopment, and treatment development. The concept of exaptation can be like adaptation,
which refers to further developments to achieve a particular function [9]. However, exapta-
tion specifically means products, technologies, and design which are developed for one
function, but later discovered to be for another [9,61].

Rather than deliberate innovation from scratch, innovations based on exaptation do
not have a strategic plan [62]. This is demonstrated in UK manufacturing companies, who
instead of producing their normal range of products, repurpose the manufacturing process
to make hand sanitizers, PPE, and medical devices during the pandemic. Exaptation can be
achieved through product design capability and manufacturing flexibility, which depends
on innovation ecosystems involving supply, demand, cooperation, and competition [9,63].
With modular design, existing knowledge, and technology pools, innovation can be scaled
up rapidly. Meanwhile, reverse engineering from existing products with open-source
design are founded to be efficient in the production of PPE with 3D printers [9,64]. Open
platforms can facilitate the sharing and exaptation of knowledge from various partners in
PPE and ventilator design projects [9].

University-initiated medical innovative projects, such as testing technology devel-
opment, further confirm the importance of harnessing patents which were originally
developed for another purpose [64]. By analyzing the development of two critical drugs,
Remdesivir (a board-spectrum antiviral medication) and Tocilizumab (immunosuppressive
drug), it is found that technological exaptation can solve unexpected problems during a
crisis with a rapid and effective response [62]. These drugs were developed to treat other
diseases, yet they were applied to COVID-19 patients. This further raises the attention that
innovators should consider the potential of new technologies at their early stage with the
conditions of uncertainty and incomplete knowledge [62,65]. In terms of vaccine devel-
opment, the achievement required unprecedented mobilization and the cooperation of a
broad set of global stakeholders in both the public and private sectors. The development
of Moderna’s vaccine from their mRNA platform to develop medicines for infections of
the lung and many other organ systems, which can potentially be used for COVID-19 with
modifications [66]. The innovation is a repeatable process, an “emergent discovery” that
involves working back from future ideas [67].

Exaptive technology and design can be viewed as an outbound open innovation
strategy, where the previously unused resource is deployed for new purposes and an
unplanned market. The nature of technology and design exaptation can be linked to the
resource-based view of an ecosystem by providing modulars, which can be used for more
than one purpose. Also, innovation is an evolving, emerging process that can accelerate
innovation and tries to meet the surge in demand, but innovators have no time for planning
completely new designs or new technology in VUCA world.

4.4. Relationship, Network and Ecosystem

From a geographic perspective, the regional system of innovation involves universities,
industries, and governments, as seen in the Triple Helix model. Through case studies on
medical innovation projects from a UK university, it is seen that during the crisis, instead
of relying on the formal university-industry collaboration mechanism, individuals and
social networks play an important role to stimulate collaboration [64]. University staff can
initiate innovation based on emerging relationships, including personal network and wider
connection with the industry. These relations and network can facilitate open innovation
strategy, eventually promoting the collaboration among innovative actors with a bottom-up
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evolving approach, rather than a planned pattern. In fact, the innovation response to
COVID-19 generally relies on relational capabilities [68].

The development of vaccines also shows evidence of the collaborative network be-
tween universities and industries, which is supported by the government. For example,
in April 2020, the University of Oxford started the partnership with the UK-based global
biopharmaceutical company AstraZeneca for the further development and large-scale
manufacturing of the COVID-19 vaccine, which was then trialed by the University. The
partnership was quickly formed two weeks after the UK government launched its dedi-
cated Vaccine Taskforce and provided funding support. This is crucial to the successful
development, manufacturing, and distribution of the vaccine, and a key element of the
partnership is the joint commitment to provide the vaccine on a not-for-profit basis during
the pandemic [69].

As for product and process repurposing, the case of PPE and ventilator production
demonstrates the harness of networks and the ecosystem [9]. From a dynamic evolution
perspective, an ecosystem provides a boarder context to configurate a new supply chain.
This is shown in the UK ventilator production project VentilatorChallangeUK [70], where
a consortium of significant UK industrial, technology, and engineering businesses from
across the aerospace, automotive, and medical sectors came together to produce medical
ventilators for the UK in March 2020. They quickly designed two ventilators with existing
materials and technologies and establishing new supply chains. The success largely lies in
the skills, network and resources in UK-based global companies and their will-do attitude.

Although the innovation project can be a one-off project, with the nature of learning
and iteration, resources and relationships are renewed, to be adopted in the next cycle
of innovation when required [35]. Thus, the understanding of innovation systems and
supply chain transformation in the context of changed business ecosystems is important
for business to respond to unexpected disruptions and achieve long-term resilience. While
relation and network as the soft side of innovation can be viewed mainly as outbound
or coupled open innovation strategy, ecosystem provides the context of coupled open
innovation in the form of alliance and consortium that are transformed from resource pools
through systems of innovation, e.g., a university–industry partnership and Triple Helix.

4.5. Summary of the Findings

Though inbound and outbound open innovation strategies have been highlighted
in the literature [13], our findings suggest that crowdsourcing and technology exaptation
are particularly significant in times of crisis, compared to other forms of open innovation.
In fact, crowdsourcing with social engagement represents a nonconventional way of gen-
erating solutions that can benefit the innovation themselves, e.g., users and the society.
Technology exaptation represents rapid innovation in case of emergency when innovators
have no time to plan new product development.

Additionally, innovation in times of crisis demonstrates features of collaboration
beyond traditional supply chain and dynamic changes, which is consistent with the co-
evolution view of business ecosystems [8,35]. Findings show that, rather than a clear
separation of inbound and outbound open innovation, coupled patterns with co-creation,
digital platforms, and alliances are key to flexibility and resilience during the COVID-19
pandemic. Apart from the hard side of innovation, such as pre-existing technology, patents,
and products, soft side factors, such as personal relations, strategic alliances, and cross-
industry consortium in either formal or informal ways [18] can be an important driving
force to accelerate innovation.

In general, social innovation and crowdsourcing platforms function as inbound open
innovation strategy. Digitalization along with social innovation and inbound crowdsourc-
ing platforms not only transform the open innovation strategy during the pandemic but
can also be dominant after the pandemic. Thus, they represent a potential iteration process,
encouraging innovation culture, society engagement, and long-term accumulation of the
ecosystem resource pool, which can be transformed to the next-round product, process, or
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business model innovation [35]. Thus, the concept and knowledge structure of ecosystems
provide a good background of understanding the new features of open innovation strategy.
In fact, the ecosystem affects the acceleration of innovation during the crisis due to product
complexity and the relationship among complexity exaptation and the ecosystem [9], and
provides the potential for long-term, sustainability-oriented innovation [71]. As crises
also normally affect rural areas significantly, the concept of rural sustainability should be
supported by good financial conditions of rural hospitals, which helps to provide better
access to medical services [72].

5. Conclusions

With the COVID-19 pandemic quickly transforming business models and society,
bringing significant disruptions, it is time for us to rethink about open innovation in
response to crises. The issue is underexplored by the existing literature on innovation
management. Joint efforts and open and collaborative approaches are essential in the
fight against the disease [24]. Open innovation will also have a significant role to play in
recovering from the pandemic [2]. Issues, such as urgent responses, resource restrictions,
and VUCA need to be taken into consideration, which requires opening up and sharing
knowledge across various sectors [2].

This paper explores the open innovation strategy in crisis by studying the responses of
the healthcare sector to COVID-19. Our findings include four important themes, addressing
the hard and soft sides of open innovation strategies from inbound, outbound, and coupled
innovation aspects. Alongside open innovation are the theories of business ecosystems
and Triple Helix, with the latter explaining how innovation can be planned and optimized
through governments’ top-down planning as well as the bottom-up contributions by
universities or industries and the civil community. In other words, while the current open
innovation studies focus on the continuous improvement and awareness to achieve a better
normal, our findings explain the importance of using open innovation strategies in crisis
for resilience and quick responses, thus providing important insights into the design of
regulatory policy for creating and adopting the ‘new normal’.

Furthermore, the implications of our findings have policy orientation and are therefore
also directed towards an audience of practitioners, private sector institutions, and research
sectors, as we address fundamental issues concerning technological progress and growth.
First, in terms of product design and development, companies can start with modular
design, and use it as the potential resource pool through exaptation [35]. Second, university-
industry partners, university entrepreneurial systems, and the Triple Helix model can be
the key mechanism through which new products, processes, and industrial systems in
the context of a broader ecosystem are transformed to the wider economic system. Thus,
organizations can explore opportunities to collaborate with diverse expertise, expanding
the network through formal and informal links including personal links. Third, the digital
platform provides a source of innovation. In VUCA world, organizations can build up
solutions via crowdsourcing based on digital technologies. Digital transformation also
accelerates innovation alongside harnessing the power of online communities. Fourth,
as for the policymakers, during crisis, mission-oriented policy is required [26]. However,
in the long term, for healthcare, businesses, and society to recover, it needs collaborative
approaches with an emphasis on sustainability-oriented innovation [71] which can be
achieved through social-innovation-related open innovation approaches.
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