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A B S T R A C T   

In the fall of 2019, a global coronavirus pandemic (COVID-19) negatively impacted the economy of small and 
medium-sized enterprises (SMEs) worldwide. It is essential to identify effective resilience strategies to help SMEs 
overcome economic and financial crises caused by pandemics or other exogenous crises. This paper delves into 
this aspect by asking the following research question: How can Open Innovation and dynamic capabilities be 
leveraged by SMEs to develop resilience during an exogenous crisis?. The study employs a mixed methods 
approach to investigate the experiences of SMEs located in the Free State of Bavaria (Germany). Based on the 
quantitative and qualitative data collected and analysed, this study proposes an innovative framework, named 
Dynamic Open Innovation Funnel, which integrates the managerial constructs of Open Innovation and dynamic 
capabilities to support SMEs resilience during exogenous crises.   

1. Introduction 

The global coronavirus pandemic (COVID-19) represents an exoge
nous factor causing an economic crisis in our time (OECD, 2020). The 
(negative) implications of the pandemic are to be identified not only at 
the human but also at the industrial level. The resulting exogenous 
economic has hit small and medium-sized enterprises (SMEs) particu
larly hard, with an average of 40% reduction in employees and signifi
cant revenue losses (OECD, 2020). In such threatening contexts, it is 
crucial for SMEs to find alternative ways to function and develop resil
ience. According to the literature (e.g. Buyl et al., 2019; Iborra et al., 
2020), resilience can be defined as the success of firms in anticipating, 
coping with and recovering from crises (usually related to financial 
crises) by means of their capabilities, actions and behaviours. Similarly, 
Koronis and Ponis (2018) defined resilience as a firm’s diverse capa
bilities to make sense of risks and adverse events, absorb pressure and 
ultimately protect the organisation’s capital and reputation. The Euro
pean Commission (2021) stresses the need to bolster the resilience of the 
European industry in order to thrive in uncertain times. Innovation plays 
a decisive role in developing resilience and in the fight against an eco
nomic crisis (Chesbrough, 2020), as it represents a key component of 
transformative change and renewal for companies (Hillmann and 

Guenther, 2021). Scholars have shown that Open Innovation, a more 
collaborative type of innovation, can support businesses in challenging 
times (Bertello et al., 2022; Kokshagina, 2022; Mcgahan et al., 2021) 
and is particularly beneficial during exogenous crises (e.g. Di Minin 
et al., 2010; Papadopoulos et al., 2013). In this scenario, firms need to 
develop their capabilities to survive in adverse times (Bergami et al., 
2022). Scholars have shown that dynamic capabilities, a more adaptable 
type of capabilities, can support businesses in coping with changes in 
high-velocity markets (Teece et al., 2016). Dynamic capabilities repre
sent a fundamental firm’s capability regarding knowledge creation, 
especially when firms are faced with chaos (Nonaka et al., 2000) that 
can be generated by exogenous crises. 

Even though Open Innovation is one of the most discussed themes in 
managerial literature (Chesbrough and Bogers, 2014), there are still 
many questions that scholars have not yet fully answered, especially 
regarding its implementation in SMEs (Livieratos et al., 2022; Parida 
et al., 2012; Seo and Park, 2022; Van De Vrande et al., 2009) and its role 
in exogenous crises (Chesbrough, 2020; Mcgahan et al., 2021). It is 
crucial to analyse these aspects as SMEs are key elements in the Euro
pean industry, constituting 99% of all its businesses (European Com
mission, 2020), and exogenous crises are recurring events (Guarner, 
2020). As such, exogenous crises refer to macro-level (environmental) 
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factors critical to the analysis of dynamic capabilities creation (Nonaka 
et al., 2000). This paper delves into this aspect by asking the following 
research question: How can Open Innovation and dynamic capabilities 
be leveraged by SMEs to develop resilience during an exogenous crisis? 

This study employs a sequential explanatory mixed methods research 
to investigate the experiences of SMEs in dealing with the coronavirus 
pandemic (as a proxy of exogenous crises) by implementing the theo
retical lenses of Open Innovation and dynamic capabilities. In detail, the 
first quantitative phase used a survey strategy on a population of 6113 
SMEs located in the Free State of Bavaria (Germany). Then, statistical 
analyses were performed based on the final sample of 399 SMEs 
(response rate of 6.5%). These quantitative findings informed the second 
qualitative phase, which employed a multiple case study of 7 SMEs from 
the final sample of 399 SMEs. Based on the data analysis, this study 
identifies a novel practical framework, named Dynamic Open Innova
tion Funnel, which underlines the need for a new approach for SMEs to 
ensure resilience during exogenous crises. 

This research offers a theoretical contribution to current knowledge 
in strategic management by addressing the scholars’ call for research to 
investigate the benefits of Open Innovation during an exogenous crisis 
(Chesbrough, 2020; Mcgahan et al., 2021). Moreover, this study brings 
practical knowledge by discussing a framework that SMEs can imple
ment and follow to navigate exogenous crises. 

2. Background 

2.1. Open innovation 

The literature describes innovation management as a process that 
takes place in phases, commonly represented by the innovation funnel 
(Dunphy et al., 1996). An innovation funnel represents the stages an 
idea goes through to become an innovation (Goffin and Mitchell, 2017): 
in the first Ideation phase, innovative ideas are collected, selected and 
filtered; in the intermediate Development phase, ideas become projects 
that will be implemented; in the last Commercialisation phase, projects 
become innovations and enter the market. In this model of innovation, 
innovative ideas can enter the innovation funnel only from one point, 
the scientific and technological base of the company, and exit only at the 
end point, the market. Projects deemed unsuitable are discarded and 
abandoned between the stages (Chesbrough, 2012). For most of the 
20th-century, innovation activities were carried out according to this 
innovation funnel, and companies managed the entire innovation chain 
internally (Chesbrough, 2003b). 

At the beginning of the 21st-century, a series of erosion factors, such 
as vertical disintegration and technological evolution, led firms to rely 
on external capabilities to complement their internal capabilities (Bru
soni et al., 2001). Thus was born the concept of Open Innovation, 
defined as “… a distributed innovation process based on purposively 
managed knowledge flows across organisational boundaries, using 
pecuniary and non-pecuniary mechanisms in line with the organisa
tion’s business model” (Chesbrough and Bogers, 2014, p.17). The 
innovation funnel thus evolves into an Open Innovation funnel (Ches
brough, 2003a) as represented in Fig. 1. The porosity of company 
boundaries that characterises this new model allows ideas and innova
tion to move more quickly and freely between the firm and its sur
rounding environment (Saura et al., 2023). This is in line with Brusoni 
et al. (2001), which argue that: "Defining the boundaries of the firm in 
terms of activities performed in house does not take into account that 
decisions to outsource production and other functions are different from 
those to outsource technological knowledge". At any stage of the Open 
Innovation funnel, external ideas and technologies can enter the firm’s 
innovation processes. Furthermore, unused ideas and technologies in 
the firm can go outside to be incorporated into other’s innovation pro
cesses. Companies can share risks and compensate for the lack of in
ternal resources by collaborating with customers, suppliers, and other 
firms (Abhari and McGuckin, 2023; Van De Vrande et al., 2009). 

Open Innovation involves several mechanisms categorised into four 
dimensions (Ogink et al., 2023): (i) governance and policies; (ii) envi
ronmental dynamics and interactions; (iii) knowledge, skills, and ca
pabilities; (iv) and learning by doing. The Open Innovation funnel may 
involve the mechanism related to environmental dynamics and in
teractions by synchronising and matching activities and processes to 
accomplish temporal fit between the various actors and their activities. 
Furthermore, according to Wyrwich et al. (2022), the Open Innovation 
funnel may involve the mechanism related to knowledge, skills, and 
capabilities by developing collaborative trust among the actors 
involved. 

Even SMEs implement Open Innovation strategies (Brunswicker and 
Vanhaverbeke, 2015; Lee et al., 2010). Moreover, SMEs are a key player 
in the economy (Re and Magnani, 2022) as they employ around 100 
million people, contribute over half of Europe’s GDP and support eco
nomic growth (European Commission, 2020). Nonetheless, SMEs are not 
adequately researched in the Open Innovation literature (Livieratos 
et al., 2022; Parida et al., 2012; Seo and Park, 2022; Van De Vrande 
et al., 2009). SMEs often lack the critical resources to conduct innovative 
activities independently within their firm boundaries (Van De Vrande 
et al., 2009), and face several challenges such as uncertainty, liability of 
newness and the lack of entrepreneurial or managerial experience 
(Barrett and Tsekouras, 2022). As a result, they tend to rely on external 
knowledge to drive innovation (Brunswicker and Vanhaverbeke, 2015). 
SMEs can implement Open Innovation strategies with large multina
tional enterprises (Barrett and Tsekouras, 2022) and/or with other or
ganisations. Their willingness to pursue collaborative practices stems 
from the capabilities to align inbound knowledge flows with innovation 
practices (Marzi et al., 2023). Open Innovation also represents an 
effective strategy to adapt to change and maintain competitiveness in a 
dynamic environment (Barrett and Tsekouras, 2022; Ovuakporie et al., 
2021). Therefore, the need for dynamic change in SMEs is a critical 
condition for survival in hostile environments and for competing in the 
market (Marzi et al., 2023). The need for the firm to react to rapid 
market change is the core of the dynamic capabilities paradigm. 

2.2. Dynamic capabilities 

Dynamic capabilities are defined as “… the firm’s ability to integrate, 
build, and reconfigure internal and external competences to address 
rapidly changing environments” (Teece et al., 1997, p.516) through the 
alteration of the firm’s resource base (Helfat, 2022). Dynamic capabil
ities are constantly evolving and, therefore, require continuous in
teractions within the firm itself as well as with external stakeholders to 
manage knowledge processes (Nonaka et al., 2000). Lichtenthaler and 

Fig. 1. Open Innovation funnel based on Chesbrough (2003a).  
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Lichtenthaler (2009) identified six knowledge capacities, which 
describe a firm’s capabilities to dynamically manage the processes of 
knowledge exploration, exploitation and retention inside and outside 
the firm: (i) inventive capacity, as a firm’s ability to internally explore 
knowledge; (ii) absorptive capacity, as a firm’s ability to externally 
explore knowledge; (iii) innovative capacity, as a firm’s ability to 
internally exploit knowledge; (iv) desorptive capacity, as a firm’s ability 
to externally exploit knowledge; (v) transformative capacity, as a firm’s 
ability to internally retain knowledge; (vi) connective capacity, as a 
firm’s ability to externally retain knowledge. The literature (e.g. Mikalef 
et al., 2019) recently highlighted that dynamic capabilities underpin 
business evolution in our current society. Indeed, dynamic capabilities 
are crucial for firms as they enable adaptability, foster innovation, 
provide competitive advantage, enhance resilience, and facilitate 
collaboration (e.g. Bocken and Geradts, 2020; Linde et al., 2021). By 
continuously and dynamically developing these capabilities, firms can 
thrive in a complex business environment and adapt to changing con
ditions (Lichtenthaler and Lichtenthaler, 2009). In this context, dynamic 
capabilities can be leveraged to gain a long-term competitive advantage 
by improving existing resource configurations or to pursue a temporary 
competitive advantage by creating new resource configurations (Eisen
hardt and Martin, 2000). Dynamic capabilities support sensing, seizing 
and reconfiguring capacities. These have been termed micro
foundations, which represent “… the underlying individual-level and 
group actions that shape strategy, organisation, and, more broadly, 
dynamic capabilities” (Eisenhardt et al., 2010, p.1263). Sensing refers to 
the company’s ability to exploit its resources to recognise an opportunity 
in the market; seizing indicates the firm’s ability to mobilise its re
sources to catch the opportunity and capture value; finally, reconfigur
ing establishes a continuous adaptation of the firm’s resources in order 
to maintain a sustainable competitive advantage over time. 
Higher-order dynamic capabilities guide microfoundations, allowing 
management to sense and seize opportunities for the future, and 
reconfigure the organisation assets for the best setup (Teece, 2018). 
Higher-order dynamic capabilities are defined as learning-to-learn ca
pabilities as they are responsible for creating or modifying the firm’s 
dynamic capabilities themselves (Collis, 1994) and provide the most 
viable route for developing and sustaining a competitive advantage 
(Reilly and Sharkey Scott, 2009). 

As regards SMEs, ordinary capabilities are not sufficient to guarantee 
their survival, as it depends on the constant renewal of their capabilities 
(Tallott and Hilliard, 2016). However, the difficulty lies in recombining, 
reconfiguring and managing dynamic capabilities with limited resources 
(Teece, 2011). Indeed, dynamic capabilities can help SMEs reconfigure 
their industrial structures, customers, rules of competition, and value 
chains (Heider et al., 2021). The basic idea is that the organisation must 
have ordinary capabilities that contribute to its success, and it must also 
develop dynamic capabilities to sense and seize change in the external 
environment (Weaven et al., 2021). Therefore, dynamic capabilities can 
be vital for SMEs during exogenous crises as they enable SMEs to 
collaborate with external entities, mitigate risks and embrace digital 
transformation, ultimately driving their long-term growth and success. 

2.3. Exogenous crises 

Natural disasters, wars and infectious diseases represent exogenous 
crises that can undermine the economic and social systems (Miklian and 
Hoelscher, 2022). These include COVID-19, the global coronavirus 
pandemic that emerged in 2019, which has similarities to natural di
sasters in its evolution and consequences (Bacq et al., 2020). Although it 
is not the first time that a coronavirus outbreak has spread to pandemic 
levels, as in the cases of SARS and MERS (Guarner, 2020), it is the first 
time that such a pandemic has a global effect. Its implications are to be 
identified not only at the human but also at the industrial level. Among 
the most common challenges arising from a pandemic, it is worth 
mentioning a shifting in customer needs (Donthu and Gustafsson, 2020). 

The fear that accompanies the crisis, as well as the uncertainty associ
ated with it, lead to new consumption trends and norms. It also changes 
the perception of risk and heightens risk aversion (Eggers, 2020). A 
further challenge concerns the reduction of available resources (Eggers, 
2020), which contributes to operational disruption (Miklian and 
Hoelscher, 2022). Demand and supply-side interruption, business 
contraction and labour scarcity are just some of the operational conse
quences firms face due to exogenous crises. Finally, it is important to 
mention the legal considerations implemented by governments, such as 
lockdowns and restrictive movement measures (Sharma et al., 2020). 
Such directives contribute to the creation of a climate of uncertainty and 
unpredictability in the market (Sharma et al., 2020). 

In such threatening contexts, the development of resilience is crucial 
(Iborra et al., 2020; Ozanne et al., 2022). Innovation represents a source 
of resilience (Hillmann and Guenther, 2021). Particularly, Open Inno
vation practices can support resilience by moving some assets and pro
jects outside the company during exogenous crises, such as during the 
90s crisis in Italy (Di Minin et al., 2010) and the Greek debt crisis 
(Papadopoulos et al., 2013). In a crisis, Open Innovation can help or
ganisations find new ways to solve pressing problems, build positive 
reputations, and establish partnerships that will be useful through and 
beyond unpredictable turbulence (Dahlander and Wallin, 2020). Speed 
is key in the fight against a pandemic, and Open Innovation can help 
speed things up (Chesbrough, 2020). 

Dynamic capabilities also contribute to resilience (Ozanne et al., 
2022; Zia et al., 2023). According to Nonaka et al. (2000), exogenous 
crises represent the environment (macro-level factor) with which firms 
interact to develop dynamic capabilities. Dynamic capabilities can 
support businesses cope with changes in high-velocity markets (Teece 
et al., 2016) leveraging the resources developed and saved during stable 
periods to innovate during a crisis (Leppäaho and Ritala, 2022), such as 
during the New Zealand earthquakes (Battisti and Deakins, 2017) and 
the Greek economic crisis (Kottika et al., 2020). During exogenous crises 
such as the coronavirus pandemic, for example, dynamic capabilities 
help B2B distribution firms prevent business failure (Zia et al., 2023). 
The process characterising dynamic capabilities of continuous 
re-evaluation of existing premises in the face of chaos favors knowledge 
creation (Nonaka et al., 2000). 

Integrating the concepts of Open Innovation and dynamic capabil
ities can help companies fully reap the benefits of openness (Bogers 
et al., 2019) since the two managerial constructs are interlinked (Hutton 
et al., 2021). Although scholars have associated the theories of Open 
Innovation and dynamic capabilities (Ahn et al., 2018; Teece, 2020), we 
need to cover the literature gap on the integration of these two mana
gerial constructs in supporting SMEs during exogenous crises. Indeed, 
the literature to date is scarce regarding the response of SMEs to external 
adversities and their resilience (Verreynne et al., 2018). Furthermore, 
this integration could help address the chaos created by exogenous crises 
(Nonaka et al., 2000). This research responds to this request by inves
tigating the role that Open Innovation and dynamic capabilities played 
in the survival of SMEs during the coronavirus pandemic. 

3. Methodology 

Due to the intricate nature of the subject matter and the need to 
evaluate multiple facets of SME strategies, the mixed methods meth
odology was deemed the most fitting approach for this research. 
Eisenhardt (1989) notes that the combination of quantitative and 
qualitative methods in the same study has two important advantages: it 
increases certainty about the validity of the results, and it increases the 
creative potential of the research. Moreover, the application of different 
methods leads to greater confidence of the findings and a wider diversity 
of views (Bryman, 2006; Saunders et al., 2019). The sequential research 
design undertaken in this study is characterised by a quantitative phase 
of data collection and analysis followed by a qualitative phase of data 
collection and analysis (Creswell, 2009). This approach exploits the 

M. Vasi et al.                                                                                                                                                                                                                                    



Technovation 129 (2024) 102886

4

interactive and iterative aspects of mixed methods, where one phase 
subsequently informs the next one (Saunders et al., 2019). Specifically, 
the authors conducted a quantitative study of 399 SMEs in Bavaria, 
followed by a qualitative study of 7 of those SMEs with semi-structured 
interviews. To strengthen the link between quantitative and qualitative 
research, the 7 SMEs are a subsample of the 399 SMEs that agreed to be 
interviewed for our research study. The qualitative study also included 
the analysis of secondary data such as reports, articles and documents 
published by the 7 SMEs on their web pages or in press releases. This 
provided a basis for data triangulation (Yin, 2018). 

3.1. Quantitative study 

3.1.1. Research design and sample 
In the first quantitative phase of this study, an internet-based self- 

administered survey was adopted which questioned SMEs about their 
experience with the coronavirus pandemic, Open Innovation, and dy
namic capabilities. Survey-based research is a widely used methodology 
in management studies, for it enables the collection of standardised data 
from a large target, which can then be analysed using descriptive and 
inferential statistics (Saunders et al., 2019). 

The target population of this study included SMEs located in the Free 
State of Bavaria (Germany), as this region has a high proportion of the 
most successful and innovative German companies (OECD, 2022). The 
population sample for this study was identified from the official data
base of the Bavarian Ministry of Economic Affairs, Regional Develop
ment and Energy called “Key to Bavaria”, which offers comprehensive 
information on firms operating in the most important sectors in Bavaria 
(Patzelt and Shepherd, 2008). The database was filtered to extract SMEs 
from the service, manufacturing, R&D and distribution sectors. A record 
extraction as of January 19, 2021, resulted in 10566 SMEs. A clean up of 
the database from duplicates, empty email fields, typos and special 
characters resulted in a new database of 6888 SMEs. 

As suggested by the literature (e.g. Dubé and Paré, 2003; Goffin 
et al., 2019), we initially discussed the survey content with 6 key SME 
executives to gather opinions and make improvements to the question 
structure. Furthermore, a pilot test drawn from the population of 6888 
SMEs was sent to 364 firms in September 2021. The feedback from the 
19 responses received allowed to revise the survey and refine a final 
version of 20 questions in German, most of which based on the 5-point 
Likert scale (1 = strongly disagree; 5 = strongly agree). 

The questions derived from the literature review and were divided 
into 4 sections: (i) Demographics: this section collected general infor
mation relating to the firm size and age, the technological level and the 
reference sector; (ii) Exogenous crises: this section investigated the 
SMEs’ behaviour during the coronavirus pandemic, the strategies 
adopted, the losses encountered and the dynamic capabilities exploited; 
(iii) Open Innovation & dynamic capabilities: this section questioned the 
participants on their relationship with collaborative innovation before 
and during the pandemic, as well as on the dynamic capabilities 
developed and used; (iv) Comments: this section offered participants the 
possibility to add any comments and to indicate their willingness to 
participate in the subsequent qualitative phase of this study. 

The survey was sent by email in November 2021 to the remaining 
6524 SMEs. Net of bounced emails, the survey was received by 6113 
firms. In December 2021, out of a population of 6113 firms, we collected 
399 responses. In conclusion, the response rate of the quantitative study 
was 6,5%, in line with the average marketing response rate commonly 
experienced with internet-based surveys (Cook et al., 2000). 

3.1.2. Data analysis 
The collected responses were translated into English and subjected to 

descriptive, reliability and factor analysis using the SPSS software v.28. 
Factor analysis was chosen as a statistical method for examining the 
relationships underlying the data collected and for determining whether 
the information could be condensed into a smaller set of factors. Factor 

analysis involves three distinct phases (Pallant, 2020). The first phase 
verifies the suitability for factor analysis based on the sample size and 
the strength of the relationship among the case items. To verify the 
suitability for factor analysis, the sample size is recommended to be 
more than 150 cases (Tabachnick et al., 2019). Moreover, Pallant (2020) 
suggests the use of Kaiser-Meyer-Olkin measure of sampling adequacy 
(KMO) and Bartlett’s test of sphericity (BTS). KMO measure of sampling 
adequacy was 0.921, above the commonly recommended value of 0.6, 
and BTS also reached statistical significance (BTS = 0.000, p < 0.05). 

The second phase, factor extraction, is used to determine the least 
number of factors that can be extracted to accurately represent the in
terrelationships between the set of variables. The most used extraction 
model is principal component analysis (Field, 2013). Using Kaiser’s rule, 
which selects only factors with eigenvalue of 1.0 or greater, we extracted 
eleven factors. In cases where the Kaiser criterion extracts too many 
factors, Pallant (2020) suggests looking at the shape of the plot in a scree 
plot graph and only considering the points above the “elbow”. There
fore, a Cattell’s scree test was also plotted (Cattell, 1966). The factor 
analysis was repeated and yielded five factors explaining a total of 
54.51% of the variance in the data as displayed in Table 1. The first 
factor accounted for a significant proportion of the variance (31.55%) 
compared with the other four factors (9.41%, 5.54%, 4.45% and 3.57%). 

Once the number of factors has been determined, the last phase of 
factor analysis consists of rotating and interpreting them. Field (2013) 
suggests using both orthogonal and oblique rotations for factor analysis 
and reporting only the simplest and clearest outputs. Orthogonal rota
tion in this analysis was suppressed, as it did not provide a clear pattern. 
Oblique rotation was chosen to review and analyse the data because of 
the acceptable level of correlation between the variables. The strength of 
the intercorrelation among items was evaluated through inspection of 
the correlation matrix for coefficients greater than 0.30 (Tabachnick 
et al., 2019). The Pattern Matrix showed the loadings of the items on the 
five factors with twenty-one items loading on Factor 1, seven items 
loading on Factor 2, seven items loading on Factor 3, three items loading 
on Factor 4, and ten items loading on Factor 5. Pallant (2020) suggests 
three or more items loading on each factor as an optimal result, further 
supporting the researchers’ decision to keep five factors. Interpretation 
of the factors is reported in section 4.1 of the findings. The quantitative 
data collected formed the basis and provided the necessary information 
for the development of the protocol of the subsequent qualitative phase. 

3.2. Qualitative study 

3.2.1. Research design and sample 
In the second qualitative phase of this study, SMEs were interviewed 

about the Open Innovation practices adopted during the coronavirus 
pandemic and the dynamic capabilities that enabled them. The multiple 
case study strategy, in particular the semi-structured interview instru
ment, is specifically suited to this study as it allows to generate inter
esting insights into a phenomenon in its context, leading to the 
development of theories and empirical data (Eisenhardt, 1989). More
over, a multiple case study approach is chosen to allow replication, as 
well as to produce more evidence (Yin, 2018). In case of mixed methods 
research, the interview tool is primarily used to explore and explain 
topics from a survey (Teddlie and Tashakkori, 2009). 

We initially discussed the protocol content with 2 SME managers to 
gather opinions and make improvements to the interview questions. 
Subsequently, a final protocol of 11 open-ended questions was devel
oped. The questions derived from the factors resulting from the quan
titative phase and were divided into 3 sections: (i) Demographics: this 
section collected additional information on the SMEs, especially 
regarding the technological level and reference sector; (ii) Exogenous 
crises: this section investigated the SMEs’ behaviour during the coro
navirus pandemic, the strategies adopted, the losses encountered and 
the dynamic capabilities exploited; (iii) Open Innovation & dynamic 
capabilities: this section questioned participants about the dynamic 
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capabilities needed to progress through the various stages of the Open 
Innovation funnel during the coronavirus pandemic. The protocol acted 
as a guide to the interview process and was not rigidly enforced to allow 
free expression from the interviewees. 

Participating firms were purposively sampled based on their 
expression of willingness, in a field of the survey dedicated to this in
formation, to participate in the later stages of this study. Specifically, out 
of 399 SMEs who responded to the survey in the quantitative study, 27 
SMEs expressed their willingness to be interviewed. Based on their re
sponses to the survey and their secondary resources (e.g. company 
website and social media), we considered all 27 SMEs to be represen
tative, as these SMEs exhibit three key characteristics for our study: (i) 
they took concrete actions to respond to the coronavirus pandemic; (ii) 
they carried out Open Innovation activities; (iii) their activities required 
dynamic capabilities. Therefore, we contacted all 27 SMEs and 7 of them 
replied to the contact and agreed to be interviewed. The interviews were 
carried out in April 2022. Table 2 presents the interviewees’ informa
tion. The names of SMEs and interviewees are anonymous to respect 
their privacy. 

Each interview lasted between 45 and 70 minutes (average 56 mi
nutes), for a total duration of about 390 minutes, and was recorded and 
transcribed. The interviews were conducted via Zoom, visually sup
ported by slides representing the Open Innovation funnel, and per
formed in English. The transcriptions were sent to the respondents for 
confirmation of accuracy. We also collected information from additional 
sources to allow for triangulation across different types of data, 
reviewing reports, articles and documents published by the 7 SMEs on 
their websites or in press releases. These additional data were used to 
complement and validate the interview data to build more robust ana
lyses (Yin, 2018). 

3.2.2. Data analysis 
The qualitative data was subjected to thematic analysis using the 

NVivo software v.12. Thematic analysis allows to identify recurring 
themes and patterns in a group of data (Saunders et al., 2019). Braun 
and Clarke (2006) define it as a fundamental method for analysing 
qualitative data as it offers a flexible yet systematic approach. The 
thematic analysis process for theory building involves three distinct 

phases (Saunders et al., 2019). First, a within-case analysis of each SME 
was performed where the initial categories of data could emerge through 
a process of open coding (Corbin and Strauss, 2008). At the end of this 
phase and after several iterations, twenty-nine first-order codes were 
identified. Second, a cross-case analysis of SME cases was performed to 
reveal recurring patterns and identify consistent relationships among 
data categories (Yin, 2018) through a process of integration (Corbin and 
Strauss, 2008). At the end of this phase, 6 second-order codes were 
identified which mainly describe the resilience techniques adopted by 
SMEs during the coronavirus pandemic. These codes mirror the five 
factors identified in the quantitative study and have been named 
accordingly. Finally, closely related themes were combined into three 
aggregate dimensions (Gioia et al., 2013). Fig. 2 shows the progress from 
collected data (i.e. first-order codes) to theoretical dimensions (i.e. 
second-order codes) to building blocks for the final framework (i.e. 
aggregated dimensions). 

Following Eisenhardt’s (1989) methodological examples, the anal
ysis process was performed in each case before cross-comparing and 
pattern matching across and within the cases with an iterative process. 
Data collection and analysis took place as early as possible after each 
interview, thus preserving the inter-relational and iterative processes 
between each interview. The authors took turns engaging in multiple 
rounds of coding until a strong agreement was reached, leveraging 
different viewpoints to build a more robust account of data patterns 
(Eisenhardt, 1989). Furthermore, we triangulated the information 
derived from the interviews by cross-checking the different data types 
collected (Yin, 2018). Interpretation of the aggregate dimensions is re
ported in section 4.2 of the findings. 

4. Findings 

4.1. Quantitative study 

The factors that condense the quantitative data collected were 
interpreted and will be defined below. 

4.1.1. Factor 1: Pandemic strategies and Dynamic capabilities 
Factor 1 represents the strategies and capabilities leveraged by SMEs 

to survive the coronavirus pandemic. This factor has high factor loadings 
with the following strategies: digitalisation, collaborations with other 
firms and redesign of the offer or optimisation of business models, in
vestment in technological innovation, digitalisation and new marketing 
and distribution channels. Furthermore, this factor has high factor 
loadings with the following capabilities: ability to innovate, ability to 
manage technologies and IT systems, ability to learn and absorb 
knowledge from the outside, ability to open the firm boundaries to 
external partners, and ability to maintain current functions while 
adapting to environmental changes. These capabilities are linked to 
dynamic capabilities as they alter the firm’s resource base to address 
rapidly changing environments (Helfat, 2022). In conclusion, the items 
clustering on Factor 1 suggest the importance of strategies and dynamic 
capabilities for survival in an exogenous crisis. 

4.1.2. Factor 2: Pandemic effects 
Factor 2 represents the effects of the coronavirus pandemic on SMEs. 

Table 1 
Total variance explained (Oblimin).  

Component Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 

Total % of Variance Cumulative % Total % of Variance Cumulative % Total 

1 17,035 31,546 31,546 17,035 31,546 31,546 13,575 
2 5,083 9,414 40,960 5,083 9,414 40,960 5,003 
3 2,992 5,541 46,500 2,992 5,541 46,500 5,254 
4 2,402 4,449 50,949 2,402 4,449 50,949 3,590 
5 1,925 3,566 54,515 1,925 3,566 54,515 10,283  

Table 2 
Selected interviewees.  

Name Firm 
size 

Firm age Firm sector Interviewee role 

SME1 50–249 Older than 20 
years 

Service Managing 
Director 

SME2 1–9 Younger than 5 
years 

Service CEO 

SME3 10–49 Older than 20 
years 

Manufacturing CEO 

SME4 1–9 5–10 years Research & 
Development 

Managing 
Director 

SME5 1–9 5–10 years Manufacturing CEO 
SME6 50–249 Older than 20 

years 
Manufacturing General 

Manager 
SME7 1–9 Younger than 5 

years 
Service CEO  
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This factor has high factor loadings with the following pandemic effects: 
damage in the business functional areas of purchasing, logistics, pro
duction, and finance. These effects caused by the coronavirus pandemic 
negatively impacted SMEs and occurred in a short period of time. In 
conclusion, the items clustering on Factor 2 show the consequences of an 
exogenous crisis (such as the coronavirus pandemic) on the functions 
and activities of SMEs. 

4.1.3. Factor 3: Collaborative activities 
Factor 3 represents collaborative activities linked to Open Innova

tion used by SMEs during the coronavirus pandemic, i.e. the deliberate 
actions and specific activities undertaken by the firms to engage in 
external collaborations. This factor has high factor loadings with the 
following collaborative activities: IP out-licensing, IP in-licensing, 
venturing and spinoffs, crowdsourcing or hackathon. Furthermore, 
this factor has high factor loadings with the following collaborators: 
universities or research institutions, and customers, consumers or cli
ents. In conclusion, the items clustering on Factor 3 suggest the impor
tance of adopting Open Innovation practices (e.g. collaboration 
activities) during an exogenous crisis. 

4.1.4. Factor 4: Collaborative capabilities 
Factor 4 represents the collaborative capabilities of SMEs before and 

during the pandemic and their propensity for opening firm boundaries. 
This factor has high factor loadings with the following elements: the firm 
has been using collaborations since before the pandemic, and pre- 
pandemic investments in collaborations. In conclusion, the items clus
tering on Factor 4 highlight collaborative capabilities and a degree of 
openness in SMEs already before 2020, as they invested in collaborative 
practices even before the outbreak of the coronavirus pandemic. 

4.1.5. Factor 5: Microfoundations 
Factor 5 represents the microfoundations leveraged by SMEs during 

the coronavirus pandemic to enable Open Innovation practices. This 
factor has high factor loadings with the following microfoundations: the 
ability to recognise external sources of knowledge that could be useful 
internally (i.e. sensing), the ability to seize external opportunities and 
translate them into innovations (i.e. senzing), the ability to integrate and 
renew existing resources for innovation (i.e. reconfiguring). In 

conclusion, the items clustering on Factor 5 denote an important 
contribution from microfoundations both to enable collaborations and 
to counter the pandemic. 

This initial quantitative phase provided a broad understanding of the 
research phenomenon. Through statistical and factor analyses, this 
phase established a foundation of knowledge regarding the SMEs 
experience with the coronavirus pandemic, Open Innovation and dy
namic capabilities. Building upon this quantitative analysis, the subse
quent qualitative phase then delved deeper into how SMEs leverage 
Open Innovation and dynamic capabilities to develop resilience during 
an exogenous crisis. This sequential approach allows for a holistic un
derstanding of the research topic, as the quantitative findings provide a 
context for the qualitative study, while the qualitative insights 
contribute depth, nuance and a human perspective to the overall 
research narrative. In more detail, the five factors identified in the 
quantitative study helped categorise the second-order codes from the 
qualitative study: Factor 1 Pandemic strategies and Dynamic capabilities 
guided us to define the second-order codes B. Pandemic strategies and F. 
Dynamic capabilities; Factor 2 Pandemic effects guided us to define the 
second-order code A. Pandemic effects; Factor 3 Collaborative activities 
guided us to define the second-order code C. Collaborative activities; 
Factor 4 Collaborative capabilities guided us to define the second-order 
code D. Collaborative capabilities; Factor 5 Microfoundations guided us 
to define the second-order code E. Microfoundations. 

4.2. Qualitative study 

The three aggregate dimensions that condense the qualitative data 
collected were interpreted based on the factors derived from the quan
titative phase and will be defined with illustrative quotes below and in 
Appendix. 

4.2.1. Exogenous crises 
The coronavirus pandemic triggered a severe economic crisis which 

particularly affected SMEs. The second-order code A. Pandemic effects 
shows that the effects have been many and varied. The restrictive 
measures imposed by governments put a strain on SMEs, which had to 
deal with the lack of resources, caused both by the increase in raw 
material costs and by the staff shortage. Furthermore, the lockdowns 

Fig. 2. Data structure.  
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caused a decrease in demand. The difficulties that affected consumers 
subsequently hit SMEs and their suppliers, thus triggering a chain re
action. However, the pandemic effects also had a positive response. The 
impossibility for many firms to maintain their current business model or 
value proposition resulted in a natural and smooth transition to digi
talisation and Open Innovation. In line with Nonaka et al. (2000), it is 
important to lead the creation of order out of chaos as described by 
SME7: “At the beginning of the pandemic there was chaos, it was not known 
whether we could stay open and work or not”. The changes to innovative 
processes were felt as imposed by the pandemic, but the transition to 
digital and interconnected business models was a necessary step to 
survive the crisis. The changes included the integration of new strategies 
and processes as well as the acceleration and opening up of innovative 
processes. SME5 pointed out: “If it’s necessary, things can actually move a 
lot quicker than they used to… I heard and seen people talk about those 
changes for years and nothing happens. And then all of a sudden, within two 
weeks you can do things that you didn’t think were possible.” 

SMEs responded to the pandemic effects with different strategies, as 
shown in the second-order code B. Pandemic strategies. The restrictive 
measures imposed by governments made it impossible for firms to keep 
in touch with their customers, and SMEs often had to find alternative 
ways to be present in the market. This caused an almost obligatory 
transition to digital, which included the use of new advertising channels 
such as social media, the sale of products via e-commerce and the pro
posal of new online services. Six out of seven SMEs interviewed adopted 
a business model innovation strategy, for example by abandoning the 
classic sales and vertically integrated models for more open and flexible 
approaches. The transition to digitalisation, as well as the offer adap
tation to the new needs related to the coronavirus pandemic, enabled 
SMEs to continue operating during the crisis. Companies also realised 
that the lack of resources and time did not allow them to develop so
lutions on their own, so they started collaborations with their customers, 
employees and external partners as a survival strategy. SME1 argued: 
“Our developers didn’t have the capabilities to solve that. So we were 
reaching out for partners and solutions that could just help us… During a 
pandemic, I mean, how can you expect to do it all by yourself? There is a lack 
of resources, time, ideas… Developing new capabilities takes a long time, and 
during the pandemic, you don’t have that time. And if you have to solve 
something, we can simply integrate people who know what they are talking 
about and what they are doing… I think that during a pandemic there is a 
greater need to collaborate and stick together.” 

4.2.2. Open innovation 
Open Innovation proved to be a survival strategy for many SMEs 

during the coronavirus pandemic. Companies leveraged internal and 
external collaborations to address the ongoing exogenous crisis, as 
indicated by the second-order code C. Collaborative activities. Customer 
engagement proved to be a successful Open Innovation practice during 
the pandemic. Customers provided interesting insights for dealing with 
the pandemic, as well as information on real issues from their point of 
view and the adaptations that products and services should undergo. 
Like customer engagement, employee engagement was also an Open 
Innovation practice widely used by SMEs. During the pandemic, SMEs 
engaged staff from different departments to come up with new winning 
ideas. SMEs also started collaborations with external partners, be they 
competitors, companies of the same ecosystem or suppliers. In partic
ular, online challenges and shared innovation platforms were effective 
tools for achieving rapid results. SME3 stated: “We had an online plat
form… a sort of challenge where people were invited to contribute with 
ideas… The idea was to share and open source design prototypes for those 
face shields, ventilators and disinfectants, and making them openly available 
for user download and 3D printing… Customers have had brilliant ideas, and 
engineers and manufacturers from the most diverse sectors have worked 
together to make them concrete.”. These practices foster the sharing and 
creation of dynamic knowledge (Nonaka et al., 2000). 

The second-order code D. Collaborative capabilities determines the 

capacities needed to successfully adopt Open Innovation practices. An 
open mindset was a fundamental requirement for implementing Open 
Innovation practices. Being open to change and integrating different 
resources was the key to exploiting the effects of the negative situation. 
Trust in the collaboration partner was an important concept for prac
ticing openness, as well as communicating boundaries effectively when 
giving the external partner access to sensitive content. Therefore, 
finding the right balance between accessing customer resources and 
integrating external knowledge flows is essential. Finally, firms should 
have the capability to identify and integrate the right partner for col
laborations. In this regard, SME5 highlighted: “I think the challenge is 
finding the right partner… You can rely on services for that, but which service 
really works?... We used our own software to search and we found a com
pany in San Francisco that was doing exactly that.”. 

4.2.3. Capabilities 
Open Innovation practices are enabled by dynamic capabilities. The 

microfoundations sensing, seizing and reconfiguring defined in the 
second-order code E. Microfoundations enable SMEs to exploit their dy
namic capabilities during an exogenous crisis. During the coronavirus 
pandemic, firms leveraged the sensing microfoundation to detect the 
threat’s arrival and recognise the need for action through environment 
scanning. As SME2 described: “Many companies went bankrupt because… 
they did not understand in time what was happening”. The sensing micro
foundation proved to be particularly useful in the initial Ideation phase 
of the Open Innovation funnel, where ideas are screened and filtered. At 
this stage, the microfoundation sensing allows SMEs to interpret future 
market needs, both by shaping and recognising opportunities that arise 
with a changing environment and by anticipating the arrival of external 
threats. Moreover, once the threat was sensed, firms leveraged the 
seizing microfoundation to address the emerging opportunity by offer
ing new products and services, moving to digitalisation and developing 
new business models. As SME4 stated: “It [the business model] has 
worked well for 50 years but during a crisis like that of the pandemic it was 
absolutely not suitable… so we adapted”. The seizing microfoundation 
proved to be particularly useful in the intermediate Development phase 
of the Open Innovation funnel, where ideas are concretised. At this 
stage, the microfoundation seizing allows SMEs to respond to changing 
conditions with strategic investments in the development of technolo
gies and projects. Finally, firms leveraged the reconfiguring micro
foundation to adapt their processes and resources while maintaining 
their competitive advantage in the market. As SME1 pointed out: “We 
wanted to create that union between what we have already produced and 
what we could produce from those with our abilities”. The reconfiguring 
microfoundation proved to be particularly useful in the final Commer
cialisation phase of the Open Innovation funnel, where projects are 
brought to the market. At this stage, the microfoundation reconfiguring 
allows SMEs to revamp routines and reconfigure assets as the firm grows 
to come up with solutions that are more likely to gain market 
acceptance. 

While microfoundations enable SMEs to exploit their dynamic ca
pabilities, dynamic capabilities themselves enable Open Innovation 
practices. The second-order code F. Dynamic capabilities names several 
capabilities that a company should have to practice Open Innovation 
during an exogenous crisis. Among these, there is the capability to 
communicate effectively, both within the team and with external part
ners; the capability to react quickly and firmly to changing conditions; 
the capability to filter and select winning ideas; and the capability to 
develop new products and generate innovations. In addition, SMEs 
particularly highlighted three higher-order dynamic capabilities needed 
to progress through the various stages of the Open Innovation funnel 
during the pandemic: absorptive capacity, technology management, and 
ambidexterity. In the initial Ideation phase, absorptive capacity allows 
SMEs to understand market changes by absorbing knowledge from the 
external environment. As SME3 described: “We looked at what others 
were doing… we looked up to understand how companies similar to us but 
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also our competitors were dealing with it”. This shift from a static to a more 
dynamic view of knowledge relates to the dynamic knowledge creation 
process presented by Nonaka et al. (2000). During the coronavirus 
pandemic, firms leveraged absorptive capacity to identify valuable 
knowledge, select opportunities and scan the behaviour of peer and 
competitor firms. In the intermediate Development phase, technology 
management allows SMEs to move towards digitalisation and develop 
sustainable solutions that can be maintained even after the pandemic. As 
SME4 stated: “Knowing how to manage information technologies is certainly 
an advantage. We heard a lot about online sales during the pandemic, and 
this is thanks to technologies and the digital world”. During the coronavirus 
pandemic, firms leveraged technology management to develop digital 
business models and keep the core business running. In the final Com
mercialisation phase, ambidexterity allows SMEs to adapt activities to 
meet changing environmental needs while maintaining a balance with 
the firm’s current activities. As SME3 described: “We were able to 
continue doing what we were already doing and at the same time we 
responded to the situation by doing something new”. During the coronavirus 
pandemic, firms leveraged ambidexterity to take advantage of new op
portunities arising in the environment and generate innovation to bring 
to market. Table 3 presents the definitions of the capabilities mentioned 
in this section. 

5. Discussion 

By examining the behaviour of SMEs during the coronavirus 
pandemic through the conceptualisation of innovation processes, the 
current study sheds light on the dynamic capabilities needed to progress 
through the various stages of the Open Innovation funnel during an 
exogenous crisis. These findings serve as a support for the reinterpre
tation of the Open Innovation funnel into the Dynamic Open Innovation 
Funnel. 

5.1. Dynamic Open Innovation Funnel 

The Dynamic Open Innovation Funnel determines the higher-order 
dynamic capabilities needed to progress through the various stages of 
the Open Innovation funnel during an exogenous crisis. Dynamic 

capabilities development is constantly evolving, therefore each stage of 
the Dynamic Open Innovation Funnel involves continuous exchanges 
within the SMEs and with the external environment (Lichtenthaler and 
Lichtenthaler, 2009; Nonaka et al., 2000). This new framework tackles 
the pandemic phenomenon from the point of view of SMEs and com
bines the constructs of Open Innovation and dynamic capabilities to 
propose a resilience strategy to exogenous crises. The reshuffle of dy
namic capabilities that enable Open Innovation practices during an 
exogenous crisis identifies an inclination of the funnel in line with 
higher-order dynamic capabilities. The y-axis refers to the micro
foundations sensing, seizing and reconfiguring that enable SMEs to 
exploit dynamic capabilities during an exogenous crisis; the x-axis refers 
to the higher-order dynamic capabilities absorptive capacity, technol
ogy management and ambidexterity that enable Open Innovation during 
an exogenous crisis. Furthermore, for each phase of the innovation 
process, the most common challenges generated by exogenous crises 
that an SME can face are mentioned at the top of the Dynamic Open 
Innovation Funnel. The framework is presented in Fig. 3. 

As in the Open Innovation funnel developed by Chesbrough (2003a), 
arrows crossing the firm boundaries represent the inflows and outflows 
of knowledge. Knowledge flows that go inside the firm define inbound 
Open Innovation practices, including IP in-licensing, intermediaries, 
customer co-creation, crowdsourcing and informal networking (Ches
brough and Brunswicker, 2013). Knowledge flows that go outside the 
firm define outbound Open Innovation practices, including IP 
out-licensing, joint-venture activities, selling market-ready products, 
corporate business incubation and spin-offs (Chesbrough and Bruns
wicker, 2013). In the Dynamic Open Innovation Funnel, knowledge 
flows are mediated by the emergence of an exogenous crisis and fed by 
dynamic capabilities. In the initial Ideation phase of the funnel, SMEs 
can leverage absorptive capacity to scan the environment and identify 
valuable knowledge. The generation of new insights and the selection of 
the most appropriate ideas that characterise the Ideation phase are 
supported by the knowledge capacities of internal and external explo
ration processes, respectively inventive capacity and absorptive capacity 
(Lichtenthaler and Lichtenthaler, 2009). Indeed, an SME with a strong 
inventive capacity may encourage its employees to brainstorm and 
explore innovative ideas internally, while a high absorptive capacity can 
lead to the absorption of external knowledge through market research 
and industry trend analysis. Typically, in the Ideation phase SMEs seek 
to identify and address customer demands and unmet needs. However, 
an exogenous crisis can drastically alter these needs (i.e. shifting 
customer needs; Donthu and Gustafsson, 2020), requiring SMEs to 
reevaluate their understanding of customer demands and adapt their 
ideation processes accordingly. In this context, SMEs can leverage 
absorptive capacity to actively monitor consumer behaviour and in
dustry trends. The microfoundation sensing enables absorptive capacity 
at this stage, as it allows SMEs to understand changes in the surrounding 
environment and recognise opportunities. In the intermediate Devel
opment phase, SMEs can leverage technology management to develop 
sustainable solutions. The conversion of knowledge into new products 
and services that characterise the Development phase is supported by 
the knowledge capacities of internal and external exploitation processes, 
respectively innovative capacity and desorptive capacity (Lichtenthaler 
and Lichtenthaler, 2009). Indeed, an SME with a strong innovative ca
pacity may establish cross-functional teams comprising employees from 
different departments exploiting internal knowledge and resources for 
project development, while a high desorptive capacity can lead to the 
transfer of internal knowledge and resources to external entities through 
IP out-licensing to other companies. Typically, in the Development 
phase SMEs concretise ideas and implement digital projects. However, 
an exogenous crisis can alter normal business operations (i.e. opera
tional disruption; Miklian and Hoelscher, 2022), causing delays or in
terruptions in the development process. This can be due to workforce 
limitations or supply chain disruptions, making it difficult for SMEs to 
effectively execute their development plans. In this context, SMEs can 

Table 3 
Definitions of capabilities.  

CAPABILITIES DEFINITIONS 

Microfoundation 
Sensing Firm’s ability to exploit its resources to recognise an 

opportunity in the market (Teece, 2007) 
Seizing Firm’s ability to mobilise its resources to address the 

opportunity and capture value (Teece, 2007) 
Reconfiguring Firm’s ability to recombine and transform its resources to 

maintain a competitive advantage (Teece, 2007) 
Dynamic Capabilities 
Absorptive Capacity Firm’s ability to use external knowledge by investing in 

internal research (Cohen and Levinthal, 1990; Lichtenthaler 
and Lichtenthaler, 2009) 

Ambidexterity Firm’s ability to balance the simultaneous processes of 
exploration and exploitation in the organisation (Vahlne 
and Jonsson, 2016) 

Communication Firm’s ability to forward new information and exchange 
views among its members (Gómez and Ballard, 2013) 

Ideas Selection Firm’s ability to evaluate and choose the most promising 
ideas from a pool of potential proposals (Björk et al., 2010) 

Organisational Speed Firm’s ability to accelerate relevant organisational 
processes that are the basis of competitive advantage (Dykes 
et al., 2019) 

Product 
Development 

Firm’s ability to combine managers skills and backgrounds 
to create products and services that generate revenue ( 
Eisenhardt and Martin, 2000) 

Technology 
Management 

Firm’s ability to manage and implement technological 
means in order to achieve the firm’s objectives (Cetindamar 
et al., 2009)  
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leverage technology management to develop automation technologies 
that reduce their reliance on manual processes and human intervention. 
The microfoundation seizing enables technology management at this 
stage, as it allows SMEs to respond to changes in the surrounding 
environment with strategic investments in the development of tech
nologies. In the final Commercialisation phase, SMEs can leverage 
ambidexterity to generate innovation by exploiting new opportunities 
arising in the environment. The transfer and preservation of knowledge 
that characterise the Commercialisation phase are supported by the 
knowledge capacities of internal and external retention processes, 
respectively transformative capacity and connective capacity (Lich
tenthaler and Lichtenthaler, 2009). Indeed, an SME with a strong 
transformative capacity may transform its internal processes, for 
example by adopting lean principles, to facilitate successful commerci
alisation and retain knowledge inside the firm, while a high connective 
capacity can lead to strategic alliances or partnerships with other or
ganisations. Typically, in the Commercialisation phase SMEs bring to 
market their new products or services. However, an exogenous crisis can 
introduce high levels of unpredictability of the market (i.e. market un
certainty; Sharma et al., 2020), making it challenging for SMEs to 
commercialise their innovations. SMEs may need to reassess their 
commercialisation strategies, distribution channels, and go-to-market 
plans in response to the crisis dynamics. In this context, SMEs can 
leverage ambidexterity to diversify their offering while maintaining a 
balance with core activities. The microfoundation reconfiguring enables 
ambidexterity at this stage, as it allows SMEs to adapt to changes in the 
surrounding environment while maintaining the competitive advantage 
gained with the firm’s current activities. The identification of the dy
namic capabilities needed at each stage of an Open Innovation process 
allows SMEs to consciously address an exogenous crisis and to remain 
resilient in the face of the resulting difficulties. 

6. Conclusions 

The worldwide economy has been negatively impacted by the 
coronavirus pandemic, with SMEs being the most severely hit. To sur
vive and thrive in exogenous crises such as those caused by pandemics, 
SMEs must develop resilience and establish alternative strategies. 
Companies’ transformational change and renewal depend heavily on 
innovation, especially Open Innovation, as it enables them to develop 
innovative strategies to solve pressing issues and forge relationships that 
will be beneficial during and after exogenous crises. Despite the 
considerable attention given to Open Innovation in the literature, there 
are still many unanswered questions, especially regarding its imple
mentation in SMEs and its function in exogenous crises. This paper 
attempted to delve into this aspect by answering the following research 
question: How can Open Innovation and dynamic capabilities be 
leveraged by SMEs to develop resilience during an exogenous crisis? 
With a quantitative study on 399 SMEs located in the Free State of 
Bavaria (Germany) and a qualitative multiple case study of 7 SMEs, a 
sequential explanatory mixed methods research design was employed. 
The integration of the data collected has identified a new framework, the 
Dynamic Open Innovation Funnel, which proposes a resilience strategy 
to exogenous crises for SMEs. 

From a theoretical perspective, this study contributes to the litera
ture on Open Innovation and dynamic capabilities by examining their 
role in supporting SMEs during exogenous crises. This study addresses 
the scholars’ call for research on the benefits of Open Innovation during 
an exogenous crisis (Chesbrough, 2020; Mcgahan et al., 2021). This 
research provides evidence that Open Innovation can help SMEs to find 
alternative ways to function, develop partnerships, and access external 
resources to support their operations during a crisis. Moreover, the study 
demonstrates that dynamic capabilities can enable SMEs to adapt to 
changing market conditions, leveraging the resources developed and 
saved during stable periods to innovate during a crisis. From a practical 
perspective, this study provides valuable insights for SMEs, policy
makers, and practitioners on how to navigate economic crises caused by 
exogenous factors. The findings suggest that SMEs should embrace Open 
Innovation and develop dynamic capabilities as a means of building 
resilience during such crises. A practical contribution for SME managers 
and practitioners to develop resilience strategies is to more explicitly 
involve aspects of the Dynamic Open Innovation Funnel in their inno
vation processes. In the Ideation phase of their innovation processes, 
SMEs can actively scan the environment for valuable knowledge and 
insights related to the exogenous crisis. For example, they can partici
pate in industry forums, attend market research, and actively monitor 
consumer behaviour and industry trends. This can help them timely 
generate innovative ideas that address the crisis and create new op
portunities. In the Development phase, SMEs can focus on developing 
digital business models and solutions that align with the crisis context. 
For instance, they can identify alternative technology solutions and 
invest in automation technologies such as robotic process automation or 
artificial intelligence. This enables them to adapt to changing market 
conditions and seize emerging opportunities. In the Commercialisation 
phase, SMEs can complement current activities with innovation gener
ation. For example, they can diversify their offering or explore new 
markets through collaborations and strategic partnerships. This allows 
SMEs to adapt quickly to the evolving business landscape. Policymakers 
should build on these insights to create an enabling regulatory envi
ronment. Regulations need to be reviewed and adapted to support Open 
Innovation practices, such as streamlining IP processes and facilitating 
technology transfer. By reducing barriers and creating a supportive 
regulatory framework, policymakers can encourage SMEs to develop 
dynamic capabilities and engage in inbound and outbound Open Inno
vation activities. Furthermore, by providing funding, infrastructure and 
networking opportunities, policymakers can foster Open Innovation 
ecosystems, encouraging collaboration between SMEs, research in
stitutes and other stakeholders, and facilitating the exchange of 

Fig. 3. Dynamic Open Innovation Funnel.  
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knowledge and resources. This guidance can inform the development of 
best practices and guidelines for SMEs. 

This study has unique strengths, such as the mixed methods research 
approach. However, we also acknowledge the limitations of our work, 
which open promising avenues for future research on Open Innovation 
as a resilience strategy. The choice of selecting the sample from a single 
German region is one of these limitations. Indeed, Brusoni et al. (2001) 
state that Open Innovation activities vary among countries. Therefore, 
the findings of this study should be generalised with a note of caution to 
SMEs in other regions and countries. Furthermore, the coronavirus 
pandemic itself can be a limitation as just a particular case of exogenous 
crisis. Therefore, future research should explore the role of Open Inno
vation and dynamic capabilities in promoting SME resilience in new 
contexts and settings. The lack of in-depth analysis of the concepts of 
tacit and explicit knowledge (Nonaka et al., 1996; Takeuchi and Nonaka, 
1986) represents another limitation of our work. Future studies could 
address this limitation by investigating if and how tacit and explicit 
knowledge affects SMEs’ Open Innovation activities during exogenous 
crises. Furthermore, future studies may analyse if and how Open Inno
vation and dynamic capabilities can be adopted by SMEs for coopetion 
strategies in response to exogenous crises. Finally, the potential that 
Open Innovation has in the context of crisis and disaster management 
can open the doors to a new line of research such as that of Open Social 

Innovation, which faces grand challenges and social problems. 

Funding 

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors. 

Declaration of competing interest 

None. 

Data availability 

The data that has been used is confidential. 

Acknowledgements 

We would like to thank the SMEs who answers to our survey and take 
part in our interviews. Moreover, we thank the suggestions received 
during the World Open Innovation Conference (WOIC) and Canadian 
Council for Small Business and Entrepreneurship (CCSBE) conferences 
in 2022 on a preliminary version of this study.  

Appendix  

DIMENSIONS REPRESENTATIVE DATA 

Aggregate dimension: Exogenous crisis 
Second-order code: A. Pandemic effects 
First-order code: 

1. Changes to the innovation 
process 

"[We] adopted more agile, less formal processes... We understood that a change needed to be faced and we adopted a mindset more inclined 
to change" (SME3) 

First-order code: 
2. Fear of the situation 

"The resistance is great and the change is not welcomed... so anything that is done that is a little different than usual is innovative, and is 
viewed a little with distrust" (SME1) 

First-order code: 
3. Imposed changes 

"We had to make some changes, more forced than by will… Whereas before the pandemic we could stall, during the pandemic we had to act 
and deal with this change… Innovation is usually done when you want, I believe, but here it was a mandatory step, either innovate or die" 
(SME2) 

First-order code: 
4. Lack of resources 

"We got a lot of inquiries and a lot of projects... we weren’t prepared for that. We did not have enough resources, and many employees were 
absent due to illness… There is a lack of resources, time, ideas, a lot of things are missing under one roof" (SME1) 

First-order code: 
5. Limited time 

"There was a hurry, there was a need to act immediately... At the beginning of the pandemic there was chaos, it was not known whether we 
could stay open and work or not. In more normal times, things are done more calmly" (SME7) 

First-order code: 
6. Lockdown 

"I think the worst part was when Germany imposed the closure obligation for certain categories of businesses... Many of my clients have 
stopped working. And if they don’t work, neither do I… We had to be on site and use the machines, test, try. And this whole part practically 
skipped during the lockdown" (SME4) 

First-order code: 
7. Market shake-up 

"There is more urgency, more innovation, more collaborative spirit, more digitalisation, more openness to the outside world. In the end, I 
think it’s all good things, we’ve gained a new approach to the economy" (SME4) 

First-order code: 
8. Reduced demand 

"What happened, however, was the drastic reduction in demand. If I used to receive a new project every month on average, during the 
pandemic I will have received about 5 or 6 in total, and half of these from state agencies" (SME4) 

Second-order code: B. Pandemic strategies 
First-order code: 

9. Business model innovation 
"It’s like the existing business model is running out. And so you have to work with very limited resources... When those things started, it was 
immediately clear that we need to change this because the old ways will not be coming back... So we decided to change. It was like 
rebuilding the company, transform it" (SME5) 

First-order code: 
10. Digitalisation 

"Everything moved online… Writing a blog is something that we started doing a lot more often during the pandemic... Everything has to be 
online because it cannot travel and meet people and explain or install anything… That means you have to produce a lot of content that can 
be consumed in an asynchronous way" (SME5) 

First-order code: 
11. Financial management 

"It was really hard and beyond that of course we also started with planning and taking a look at what’s riskier… We had of course in mind 
what will happen, so we planned with numbers and figures and so on" (SME1) 

First-order code: 
12. Open Innovation 

"The pandemic has forced to open innovation for us in a way that probably we wouldn’t have done otherwise… I can see now there’s more 
openness now for collaboration than there was before… So having the option to do open innovation now has become far more attractive 
and I think it definitely been accelerated by the COVID… The pandemic had a profound effect on how we think and how we operate. And it 
has pushed us down to the open innovation route more than it normally would have" (SME6) 

Aggregate dimension: Open Innovation 
Second-order code: C. Collaborative activities 
First-order code: 

13. Customer co-creation 
"We also have that process of automatic generation of ideas in that platform that I said where customers ask questions and solve their 
problems themselves, they come up with a lot of ideas" (SME1) 

First-order code: 
14. Employee involvement 

"We have cross functional teams that are not reliant on a particular department anymore... there’s probably five or six people in a cross 
functional team and one person in that team will take the lead of it... we assemble these cross functional silos into almost like a collective 
capability" (SME6) 

(continued on next page) 
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(continued ) 

DIMENSIONS REPRESENTATIVE DATA 

First-order code: 
15. External networking 

"The question was do we build it ourselves? Or is there something out there that already existed for years?... We found a company in San 
Francisco that was doing exactly that... it’s a very effective process, because if we had to build it ourselves from scratch, it would have taken 
us half a year longer" (SME5) 

First-order code: 
16. Think tank, crowdsourcing, 
hackathon 

"So many other people are sharing what they have with us, we are reinventing it right now with so called think tanks, where all those 
potential partners can show up and offer their knowledge and you recognise that, oh, that’s something I need for my project or something 
that is interesting and could be implemented within our company" (SME1) 

Second-order code: D. Collaborative capabilities 
First-order code: 

17. Open mindset 
"You need more open-mindedness than we SMEs have. We are small and therefore we are afraid to take risks, but perhaps it is being small 
that is precisely the reason why we need to collaborate with someone else... Costs, risks and responsibilities are shared" (SME2) 

First-order code: 
18. Find partners 

"I think the challenge is finding the right partner… You can rely on services for that, but which service really works? We found a company... 
that was doing exactly that" (SME5) 

First-order code: 
19. Trust 

"You need to be ready to share information and tools with someone outside your company. Trust, maybe? It’s not easy at first, you want to 
be protective, but it’s not the right way to go" (SME7) 

Aggregate dimension: Capabilities 
Second-order code: E. Microfoundations 
First-order code: 

20. Sensing 
"When those things started, it was immediately clear that we need to change this because the old ways will not be coming back... So we 
decided to change" (SME5) 

First-order code: 
21. Seizing 

"We had to exploit the pandemic and its challenges to do something new using the capabilities and skills we already have... The pandemic 
as well as war and other crises can become an opportunity to be seized to innovate… The pandemic could push us to exploit external 
situations to adapt internally, to be more dynamic and fluid in some way" (SME1) 

First-order code: 
22. Reconfiguring 

"We redirect our offer a bit. What we have done is to direct our offer a little more towards relevant topics during the pandemic... In this way 
we have used our skills and resources in a different way than usual. We took the opportunity to review our strengths a little and direct them 
towards other paths… Reinventing oneself, knowing how to transform oneself" (SME4) 

Second-order code: F. Dynamic capabilities 
First-order code: 

23. Absorptive capacity 
"We looked around a lot. Kind of like absorbing the knowledge of others... What does our competitor do? What does our colleague do?... It 
is easier to copy something already done or already thought than to have to do it all over again… We tried to understand how the market 
and its operators moved, so as not to be left behind" (SME7) 

First-order code: 
24. Ambidexterity 

"We expanded our production line, we continued to produce what we already did but part of the production was adapted to this new line, 
and everything was faster because we didn’t have to do everything from scratch, everything was already there, it was just a little bit 
modified. How to say, we were able to continue doing what we were already doing and at the same time we responded to the situation by 
doing something new" (SME3) 

First-order code: 
25. Communication 

"You also need good communication, we communicated our ideas in our own way, you know, like business requirements, and they had to 
translate them into their technical requirements, with their computer language, so you need to know how to explain yourself well and meet 
over and over again" (SME3) 

First-order code: 
26. Ideas selection 

"There weren’t actually many ideas really, there wasn’t much more to do than go digital. Of the couple that we did have, I would say that 
those that had qualities such as speed of development, good price-performance ratio, that possibly didn’t disrupt the whole business model 
of the company that has been working so well for years, went on to the next stage. Of course, it takes filtering and sorting to keep too much 
crap out of the funnel, because then it becomes expensive" (SME2) 

First-order code: 
27. Organisational speed 

"We were quick enough to react. We implemented those digital channels, communication channels very, very fast… There are solutions 
that could be implemented very quickly, and also communicated very quickly" (SME1) 

First-order code: 
28. Product development 

"We have implemented the gamification platform for our employees, which still exists for our company, and we have just adopted it for the 
whole theme of creating innovation... We have some sort of challenges that we need to solve, all of which are related to what could be a 
possible new product and innovation for the future" (SME1) 

First-order code: 
29. Technology management 

"The capabilities we needed were technology management… Our team is very united and young… and therefore they could teach us many 
things. For example, they taught us how to manage technologies, which certainly benefited us during the pandemic" (SME7)  
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