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Abstract - Systemic innovation is an important mechanism to deliver influential solutions for sustainability challenges, but it 
occurs rarely. Increasing sustainability challenges firms to improve the system as a whole through broadening their 
engagement in delivering game-changing innovations. This repositioning of sustainability increases complexity. 
Ourempirical case study explores the logic used by business leaders in large Finnish firms when discussing the challenges 
that hold back systemic innovation for sustainability. We describe the mathematics of complexity and translate firms' 
responses into a mathematical frame. The findings demonstrate that although all industries are advanced in integrating 
sustainability principles into their operations, they have stalled at the hurdle of delivering genuine systemic innovation for 
sustainability. Firms are able to conceptualize the complexity inherent in systemic innovation; but they are stalled at acting 
because they are unwilling or unable to integrate complexity into their tools and process in practice. We suggest that this 
inability correlates with managers’ pre-complex mathematical acumen, and propose further research to understand and 
address this issue. 
 
Keywords - Systemic innovation; innovation management; sustainable transition; sustainable development; mathematical 
frame; case study  
 
I. INTRODUCTION 
 
Innovation plays an important role in the 
sustainability journey (Jakobsen & Clausen, 2016; 
Kılkıs, 2016; Lin & Tseng, 2016; Matos & Silvestre, 
2013; Silvestre, 2015). Recent management literature 
(e.g. Boons et al., 2013a; 2013b) advocates for firms 
to shift from an internal or linear supply chain focus 
towards systems building and engaging with external 
stakeholders (Adams et al., 2016; Inigo & Albareda, 
2016; Medeiros et al., 2014),and taking action to 
improve the entire system through accelerated and 
transformative change (e.g. Carillo-Hermosilla et al., 
2010; Nidumolu et al., 2009; Schiedering et al., 2012, 
Quist & Tukker, 2013). Taking the lead in shaping 
the market/industry transformation presents a 
possibility for firms to gain major strategic 
advantage, as they get to impose change in the 
competition (Schaltegger & Wagner, 2011). To have 
a more substantial impact, companies turn to radical 
innovations with the goal of systems changes (Boons 
et al., 2013b; Hansen et al., 2009; Seebode et al., 
2012). While the ambition to move beyond 
incremental change exists, the evidence suggests that 
this rarely happens,and firms fail largely in delivering 
game-changing innovations for sustainability 
(Hayward et al., 2013; Accenture, 2015; Hahn et al., 
2014). There is a fundamental gap in moving from 
ambition to execution. In this study, we heed the 
recent call from Xavier et al. (2017) to explorethe 
implementation ofinnovation for sustainability by 
revisiting the question: Why are companies 
seemingly unable to implement systemic innovations 
for sustainability? 

Our research adds an empirical perspective to the 
inaction debate through exploring the perceptions of 
business leaders in a multi-industry sample of 
globally operating Finnish companies. The research 
data comprises 27 interviews within 13 case 
companies. All companies promote commitment to 
sustainable development.The qualitative approach 
allows us to go beyond a synthesis of known pitfalls 
by following the logic of firms’ perceptions about the 
conceptualization and implementation ofsystemic 
innovation for sustainability. Following an iterative 
content analysis, we identified that firms’ perceptions 
of the challenges of implementation could be 
presented mathematically. Through translating the 
firms’ narrative to mathematics, we uncovered 
compelling insights which get to the heart of the 
inaction debate.  Complexity is inherent in the natural 
systems that systemic innovation aims to engage in. 
In other words, systemic innovation for sustainability 
represents a shift to a complex perception of system 
dynamics (Inigo & Albareda, 2016). In mathematics, 
complexity is represented by systems with strong 
nonlinear interactions between many variables which 
change over time (Kurtz & Snowden 2003, 
Sniedovich, 2012).In complex systems, even small 
perturbations can produce huge, previously unknown 
impacts. Mathematical logic saysthat it is not possible 
to remove uncertainty in the type of systemthat 
systemic innovations try to influence.The goal of 
avoiding uncertainty fundamentally disregards the 
mathematical reality of the complex systems that 
systemic innovation aims to influence.   On one level, 
our empirical results provide further support to the 
existing literatureabout the challenges of systemic 
innovations for sustainability (e.g. Boström et al., 
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2015; Mignon & Berget, 2016; Roscoe et al., 2016; 
Silvestre, 2015)through the finding that the firms 
identified three main categories of inter-connected 
challenges: structural impediments, uncertainty 
avoidance, and conflicting aims within and between 
firms. However, through applying a math frame we 
demonstrate that these pitfalls represent the 
symptoms of the challenge to deliver systemic 
innovation for sustainability. The cause of inaction is 
that firms generally lack the will, commitment, skills, 
and capacity to deal with the idiosyncratic demands 
of systemic innovation for sustainability, partly due to 
a failure to acknowledge the fundamental nature of 
the challenge. Firms understand the need to engage 
with complexity conceptually; but are unable or 
unwilling to practicalize complexity, however. 
Blaming uncertainty for limiting the firm’s ability to 
take decisive action towards implementing systemic 
innovation demonstrates a lack of mathematical 
acumen in both the sustainability debate and business 
leadership. The implication for firms is to shift from 
the focus on eliminating uncertainty and conflicts 
toward applying tools which allow them to be 
comfortable with action in complexity.  
 
II. SYSTEMIC INNOVATIONS FOR 
SUSTAINABILITY 
 
For two decades, sustainability has 
beenconceptualizedas a journey towards engaging 
environmental, social and economic goals to deliver 
societal benefits from business activity (Elkington, 
1997). The theoretical development of corporate 
sustainability has increasingly advocated for firms to 
engage with their complex external environments and 
long-term thinking (e.g.García et al., 2006; Whiteman 
et al., 2013; Boons et al., 2013b; Patala et al., 2014). 
Sustainability represents the balancing of internal 
goals with external dynamics (Lozano, 2015) to 
optimize collective value (Donaldson & Walsh, 
2015).  In other words, long-term advantage is 
delivered by not only considering profits, but also 
how firms serve humanity and the ecosystems on 
which we depend. It is a journey which has driven 
firms to broaden their engagement and take action to 
improve the system as a whole (e.g. Gaziulusoy & 
Brezet, 2015; Lozano, 2015; Adams, 2016; Bossle et 
al., 2016). We call this strategic approach taking a 
systemic view.   
However, the general consensus is that a gap exists 
between where we are and where we should be on the 
journey. Innovation is seen as the way to fill this gap 
through delivering new technologies, tools and 
processes, and ultimately a new mind-set (Adams et 
al., 2016; Govindan et al., 2016; Jakobsen & Clausen, 
2016; Koplin et al., 2007; Medeiros et al., 2014; 
Touboulic et al., 2014; Vollenbroek, 2002). 
Innovation that takes a systemic view and considers 
the impacts across the entire supply chain can tackle 
sustainability-related challenges (Almeida et al., 

2013; Boons et al., 2013b; Lin & Tseng, 2016; 
Lozano et al., 2014; Matos & Silvestre, 2013), create 
sustainable business value (Bocken et al., 2014; Hart 
& Milstein, 2003), and deliver an overall positive 
impact on the system (including environmental and 
social benefits) (Hansen et al., 2009). We call this 
systemic innovation for sustainability. 
2.1 Systemic innovations for sustainability 
Systemic innovations for sustainability are 
innovations designed to reposition businesses within 
their external environment (including their supply 
chains) to benefit the business environment and the 
firm’s performance simultaneously (Boons et al., 
2013b; Carillo-Hermosilla et al., 2010; Jacobsson & 
Bergek, 2011; Nidumolu et al., 2009; Quist & 
Tukker, 2013). Such innovations force firms to 
consider complex, nuanced or even paradoxical 
system effects (Davila et al., 2005), shifting the 
decision maker's mindset from simple cause-and-
effect management towards systems building (Adams 
et al., 2016).  Systemic innovations may appear in the 
form of product, service or process innovations, but 
can also include wider society-level changes, e.g. 
market and user practices, policies, regulations, 
culture, technologies, or firm management practices 
(Berkhout, 2002; Gaziulusoy et al., 2013; Gaziulusoy 
& Brezet, 2015; Geels, 2006; Kemp & Rotmans, 
2005; Sartorius, 2006). Through applying a systems 
view, firms are able to develop and deliver innovation 
better, particularly game-changing or ‘radical’ 
innovation (Quist & Tukker, 2013), and are better 
positioned to take the lead in shaping market/industry 
transformation and to impose the change on the 
competition (Schaltegger & Wagner, 2011).  
Systemic innovation increases a firm's 
interdependence with its external environment and a 
wide range of stakeholders (Eccles, 2014; 
Narasimhan & Naraynan, 2013). Supply chain 
management is being reshaped from controlling 
resource transactions to building collaborative (open 
innovation) skills with greater network management 
capabilities (Jolink, & Niesten, 2015; Markad et al., 
2012; Roscoe et al., 2016; Van den Bosh et al., 
2015;). Collaboration shapes the evolution of supply 
chain sustainability trajectories (Silvestre, 2015) and 
establishes the seeds for sustainable transitions 
(Markad et al., 2012).  Of course, systemic innovation 
must also overcome economic barriers and gain user 
acceptance (Boons et al., 2013b). In other words, 
systemic innovation for sustainability challenges 
firms to acknowledge their dependence on complex 
external systems and supply chains, and to create 
networks that assist resilience. Hence, systemic 
innovation requires firms to adopt a new set of skills, 
capabilities and approaches (Medeiros et al., 2014; 
Seebode et al.,2012) geared towards collaboration 
and the management of supply networks (Roscoe et 
al., 2016; van Bommel, 2011).  
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2.2 The challenge of delivering systemic 
innovations for sustainability 
Evidence about firms applying systemic innovation 
successfully has been thin. Business leaders are 
turning to innovation to solve sustainability problems, 
and try to move beyond incremental changes 
(Accenture, 2015). However, this has not so far 
translated into actions.  CEOs seem to have adopted a 
cautious approach to sustainability, resulting in 
frustration about the results (Hayward et al., 2013). 
Most companies remain unable to scale their 
sustainability efforts for radical change and are stuck 
with incremental achievements, which they know to 
be inadequate for solving crucial sustainability-

related challenges (Van den Bosch et al., 2005). 
There is a fundamental gap in moving from ambition 
to execution.  We synthesize the challenges identified 
in the existing literature in table 1. We found that the 
challenges identified by scholars could be positioned 
into three categories: 1) structural impediments, 2) 
uncertainty avoidance, and 3) conflicting aims within 
and between firms. These categories are not 
exclusive, as many of the identified challenges 
interact and are linked together.We use the literature 
insights as a basis for our empirical research to 
understand the logic behind the perceptions of 
decision makers of the pitfalls in managing systemic 
innovation for sustainability.  

 

Table 1. Overview of the challenges of delivering systemic innovations for sustainability 
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III. RESEARCH DESIGN AND PROCESS 
 
Our qualitative study explores the perceptions of 
decision makers of the pitfalls in managing systemic 
innovation for sustainability. Our multi-industry case 
is based in Finland, which is renowned for being a 
global forerunner in sustainable development. We 
apply the inductive, multiple case-study design (Yin, 
2014; Eisenhardt & Graebner, 2007), as it allows 
studying the complex phenomenon in its natural 
setting (Eriksson & Kovalainen, 2008) and gaining 
deep understanding. As there is little empirical 
research published in this specific topic, case-study 
methodology provides us with a tool to examine the 
issue from multiple perspectives in a broad and more 
generalizable context and to support theory building 
(Eisenhardt & Graebner, 2007; Yin, 2014). We have 
selected the inductive approach for its applicability in 
studying the tensions of business sustainability (e.g. 
Slawinski and Bansal, 2015). The starting point is in 
observations (Goddard and Melville, 2004),which 
makes it possible to study a complex, open-system 
phenomenon related to sustainability and to create 
significant understanding from a limited sample of 
observations.  
 
3.1 Data sources and case selection 
We apply theoretical sampling to identify cases of 
firms which demonstrate a serious commitment to 
sustainability,with the following criteria (Eisenhardt 
& Graebner, 2007): 1) focus on sustainability 
development, 2) B2B market focus and 3) industry 
context. Finland was selected for the country context, 
as sustainable development has a mature role in 
Finnish companies, authorities, consumers, and the 
society as a whole. The interviewed firms have a long 

history of sustainability reporting, and many of them 
have sustainability-related products such as bio-oil, 
products to replace plastic packaging of food, etc. 
Although we acknowledge that systemic innovations 
require collaboration between science, government 
and industry, and also with Non-governmental 
organizations and the civil society, the focus of the 
study is on exploring the perceptions of firms. This 
allowed us tocreate more deep understanding of their 
perspective. 
The reliability of our findings was augmented by 
combining different data sources. The primary source 
of data was collected in 2014 by conducting semi-
structured interviews in 13 case companies. These 27 
in-depth interviews included 40 informants in total. 
The average interview time was 69 min per 
individual, and 127 min per group interview. All 
interviews were recorded and transcribed carefully. 
The questions of the interviews were open-ended 
(Creswell, 2013), allowing the interviewees to 
express their ideas freely.The participants were asked 
to identify andexpress their feelings of how 
sustainability was concerned in their business 
development and innovation activities. More specific 
questions were asked to identify the challenges, 
problems, tensions, and uncertainties of executing 
sustainability innovations and initiatives. In addition, 
the interviews concerned the future needs and 
challenges to execute more innovations for 
sustainability. The participants were senior managers, 
all highly experienced individuals whose 
responsibility areas included the environmental, 
innovation and business management areas of the 
firms. Table 2 summarizes the sources of the 
interviews and the informants’ expertise areas.  
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Table 2. Case information 
 
As a secondary source of data we used the UN Global 
Compact- Accenture CEO Study on sustainability 
(Hayward et al., 2013) and the Special edition: a Call 
to climate action (Accenture, 2015). The data was 
drawn from publicly available reports. All the CEOs 
in the study represented member companies in the 
UN Global Compact Sustainability Initiative. In the 
first study, the total survey population was 1000 
persons, including 107 in-depth interviews and 893 
survey respondents from all continents. The second 
study involved 750 Global Compact participants from 
152 countries. 
 
3.2 Data analysis 
The first step in the analysis applied content analysis 
methods by using open coding to identify specific  

 
sustainability-related challenges, problems, tensions 
and uncertainties (Miles & Huberman, 1994). This 
allowed us to understand the managerial challenges in 
making sustainability-related decisions. During the 
coding, we noticed recurring themes across all 
industries, including 1) external factors (i.e. structural 
impediments), 2) internal decision-making factors 
(leading to uncertainty avoidance), and 3) increased 
complexity (due to conflicting aims).  The data 
analysis was continued by employing cross-case 
analysis and axial coding (Corbin & Strauss, 2015) to 
focus on specific sustainability innovation -related 
tensions and uncertainties common to all industries. 
The analysis was founded on themes identified in the 
literature (see table 1). Figure 1 below provides some 
examples of the coding process.  

 

 
Figure 1. Examples of the analysis process 
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We had a breakthrough in our data analysis when we 
focused on uncovering the underlying logic of the 
narratives applied by business leaders. Specifically, 
we sought to understand how business leaders 
conceptualized systemic innovation for sustainability 
and howthey described the challenges with its 
implementation. We recognized that one way to 
describe systemic innovation for sustainability was 
through applying a mathematical frame, where 
complexity is represented by the increased number 
and type of interaction among the variables (see 
Figure 5). 
 
This increased our interest to apply mathematics to 
explain the shift to systemic innovation (e.g. Inigo, & 
Albareda, 2016). We took some inspiration from Boje 
(2015), and reflected on what shifts in physics 
paradigms mean for the language of complexity and 
ultimately the journey towards systemic innovation, 
and we learnt from Sneidovich (2012) about 
mathematical representation of severe uncertainty. 
This led us to conduct an analysis where we 
translated the logic used by our participants into a 
mathematical frame. This analysis uncovered 
compelling insights into why firms find it so 
challenging to deliver systemic innovation for 
sustainability. We argue that by following the 
mathematicallogic we were able to initiate a 
discussion around the causes of inaction, whereas the 
previous discussions have uncovered symptoms.   
  
Multiple sources of data (data triangulation) were 
employed to increase trustworthiness and validity. 
Several researchers were involved in the analysis and 
interpretation of the findings (researcher 
triangulation), and the emerging results were 
presented to managerial and academic audiences 
(Yin, 2014). Based on these revisions, we made 
minor iterations and clarified the identified groups of 
challenges. To help manage and facilitate the analysis 
of the large amount of data, we used NVivo software 
and Excel spreadsheets (Bazeley & Jackson, 2013). 
 
IV. RESULTS –SYNTHESIS OF THE 
PERCEIVED KEY CHALLENGES  
 
Our multi-industry analysis revealed that many of the 
issues raised in the literature review constituted real 
challenges to systemic innovation for sustainability 
and were common to all actors, regardless of industry 
(see table3).Structural impediments, such as market 
structure challenges or institutional misalignment, 
were largely seen to be beyond the direct influence of 
firms.Still, the firms were keenly aware of the 
institutional environment and adapted their activities 
accordingly.  
 
Uncertainty avoidance was identified to hold back the 
investments required to pursue systematic innovation 
for sustainability strongly. As explained by one 

informant: ’There is a significant number of ideas, 
but it is difficult to find someone to take the risk and 
do business.’ Firms tend to drive investment towards 
more traditional projects where returns are perceived 
to be more reliable. This risk aversion was best 
expressed by an informant discussing investment in a 
new bio-heating plant: “We are not going to continue 
to the pilot case, although we could maybe get better 
results.  
 
We want to have a technically and commercially 
perfectly working solution where we do not have to 
test anything.” Political uncertainty and unpredictable 
policies at European, national and regional levels 
complicate sustainability investment and were 
nominated as a constraint to the implementation of 
sustainable innovation. One informant explained: 
“External demands (regulations) may be really 
expensive, complicated and demanding to execute.” 
To anticipate ever-tightening regulations, some firms 
require their suppliers to adhere to more stringent 
environmental standards than the authorities. Still, 
most companies try to avoid entanglement in unclear 
regulatory environments and refrain from 
sustainability investments until they are mandatory. 
The uncertain but strong political influence polarizes 
investments in sustainability innovation, leading to 
patterns of over- and underinvestment. 
 
All companies admitted that some sustainability 
efforts needed to be undertaken, and claimed to 
maintain a "license to operate" and that 
“sustainability has changed and will change our 
investment priorities.” However, the companies often 
perceived this as sacrificing financial performance to 
satisfy sustainability goals. Furthermore, the 
companies saw that the society and authorities 
neglect the cross-effects of their decisions: “Cross-
effects are forgotten. All efforts are put in the issues 
that are present in the media and by political actors”. 
The notions of sustainability may differ greatly 
among actors at different levels and with different 
backgrounds. 
For example, in the forest industry, timber is viewed 
as a valuable resource to support sustainable 
innovation, while others consider tree harvesting to 
cause environmental harm. Managing divergent 
stakeholder interests was claimed to be exceedingly 
challenging in the increasingly complex networks. 
The interviewed managers acknowledged the 
importance of interfirm cooperation. Nonetheless, the 
majority of the companies' current sustainability 
actions were still internal without a connection to the 
actions or strategies of their stakeholders. As a result, 
cooperative open innovation capabilities were 
underdeveloped. Communication challenges also 
hamperfirms’ ability to capture value from 
sustainability projects, and information and 
knowledge gaps exacerbate many of the problems 
mentioned above. 
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Table 3. Summary of the empirical findings of the main challenges for executing innovations for sustainability
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V. ANALYSIS - TRANSLATINGTHE RESULTS 
TO A MATHEMATICAL FRAME 
 
From our initial content analysis, it was clear that the 
firms were struggling with how they can shift 
sustainability from being a marginal add-on to being 
an integrated, systemic approach to strategy. They 
saw a benefit in systemic sustainability for 
innovation; but they hesitated to make investment 
decisions because of the perceived insufficient 
information, inability to define the interactions 
between sustainability issues, and insecurities about 
the costs and outcomes. In other words, we found 
empirical support for the previously understood 
reasons for why firms find it difficult to navigate 
systemic innovation for sustainability. Next, we take 
a deeper look into the question of 
inactionbyuntangling the logic of the firms’ 
responses. 
 
5.1 The sustainability journey through a 
mathematical frame 
The conceptualization of systemic innovation has 
been described as engaging with complex systems. 
Although not always explicit, the terms we use to 
describe complex systems stem from mathematics,i.e. 
nonlinear interaction, emergence (Silvestre, 2015)and 
self-organization (Inigo & Albareda, 

2016).Mathematics is a language used to describe the 
world. There is a relationship between our 
mathematical understanding and how we perceive the 
world. Indeed, great shifts in understanding can be 
attributed to mathematical awareness/literacy. 
In Figure 2 we visualize the sustainability journey, 
relating it explicitly to the mathematical concepts of 
linearity, nonlinearity and complexity. Sustainability 
can be described as a shift in the business strategic 
mindset from a single-bottomline to a triple-bottom 
line one (Elkington, 1997), and now increasingly to 
the multi-dimensional systems approach (Adams et 
al., 2015). The bottom line approach assumes that 
aligning decisions with customer demands will lead 
to sustainability. This has led firms to reduce costs 
and improve customer value by delivering end-of-
pipe technologies for sustainability. In the triple-
bottom line, environmental and community impacts 
are included as business outputs (Elkington, 1998), 
with the assumption that sustainable benefits will 
trickle down through the supply chain. The systemic 
view forces firms to be increasingly context-specific 
and networked, with the focus on engaging external 
stakeholders (e.g. Silvestre, 2015), and aiming at 
improving systems as a whole (e.g. Adams et al., 
2015). In the systemic view,the sustainability 
business lies in a complex web of influential actors.  

 
Figure 2. The sustainability journey through a mathematical frame 

 
Through the math frame, we can see how the first 
transition represents a minimal shift in the business 
approach, adding additional variables but maintaining 
a linear perception. The transition to a systemic view 

is much more demanding, changing the mathematical 
paradigm completely. While linear systems are more 
predictable and easier to scale and to cope with 
information incompleteness, complex systems behave 
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in a profoundly different way. Complex systems have 
dynamic, non-linear interactions and are inherently 
unpredictable (e.g. Holling, 2004; Kurtz and 
Snowden, 2003; Courtney et al., 1997; Taleb, 2010). 
Not only is there more uncertainty due to more 
variables, but complex systems are inherently more 
sensitive to uncertainty. Even small errors can have a 
major impact on the outcomes. For some complex 
systems – like the weather – mathematics looks to 
describe an ‘effective’ solution. Here, one avoids 
modeling nonlinear interactions,but develop models 
which describe reliable approximations of systems at 
the level of the emergent phenomena. Systemic 
innovation is, by definition, new and untried, 
however. The math frame tells us that there is neither 
an option to remove uncertainty through modelling 
the interaction, nor do we have effective solutions. In 
these systems, chance and accidents should be 
considered 'normal' (Perrow, 2011).   
 
5.2 Interpreting business leaders’ perceptions by 
using a mathematical frame 

We describe the key challenges nominated by the 
firms in mathematical terms (Table 4). The 
challenges can be expressed as an inability to process 
the uncertainties resulting from the increasing number 
of factors (variables) that come along with 
broadening the firm’s scope. Further, the interviewees 
talked aboutan inability to articulate the type and 
magnitude of the relationship between variables, in 
other words a struggle to manage a nonlinear system. 
In linear systems, simplistic business rules may 
capture the relationships between the variables 
reliably; in nonlinear systems there are numerous 
potential ways to model the relationships.Firms also 
strugglein considering the future systemic impacts 
over varying rates of change. This represents 
transitioning from an algebraic to a differential 
system. Algebraic systems provide an answer of the 
calculable unknown with a set of given values for 
here and now. Differential systems are functions of 
time, where the results vary dynamically and with 
respect to other system elements. 

 
Table 4. Applying a mathematical frame to the perceptions of business leaders 

 
In summary, we found that decision makers struggle 
in coping with 1) increasing variables in the system, 
2) defining the relationship (or interaction) between 

the variables (nonlinearity), and 3) uncertainty about 
how the variables evolve over time. In other words, 
they struggle to cope with the mathematical reality of 
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complex systems. Through this frame we re-
articulated that companies fail to apply long-term, 
systemic perspective because they lack the perceptual 
means to integrate uncertainty into their framing of 
the world. The dynamics in a complex system is also 
a potential source of innovation. However, we found 
no evidence of managers considering the benefits of 
engaging directly withcomplexity. The analysis 
suggested that previously the triple-bottom line 
gained traction by leveraging an existing (linear) 
business mindset, but fell short on delivering the level 
of innovation required. Instead, the implementation of 
systemic innovation for sustainabilityrequires firms to 
welcome the uncertainty – to see this as a sign of 
innovation – but this does not happen at the moment. 
 
CONCLUSIONS AND FUTURE RESEARCH  
 
Our study showed that management practices are yet 
to catch up with the unique demands set by systemic 
innovations for sustainability, regardless of the 
industry. We provided empirical verification of the 
current understanding in the literature that the 
challenges come from 1) structural impediments, 2) 
uncertainty avoidance, and 3) conflicting aims within 
and between firms. On the surface,we provided 
support for scholars who find that more radical 
innovation can be achieved by resolving these 
issues(e.g. Smith et al, 2005; Woolthuis et al. 2005 
Wieczorek & Hekkert, 2012).However, by digging 
deeper,our analysis revealed that the logic applied by 
firms and scholars alike demonstratesa lack of 
understanding or unwillingness to consider the reality 
of complex systems. While the firms conceptualize 
complexity in their view of the external world, the 
challenges they express show a desire to control 
outcomes in a belief that with the right planning, 
uncertainty can be reduced to minimal levels, and 
negative consequences can be avoided. Hence the key 
hindering point for systemic innovation is more 
generally a lack of appreciation on how to 
practicalize complexity in the tools and processes. 
The findings of the studyhave important implications 
for management. Broadly, two changes are required. 
Firstly, managers’ fundamental understanding about 
how the world works, and the role of their business 
need to align with the mathematical reality of 
complexity. Mathematical acumenfor complexity is 
needed in the board room. Secondly, managers 
require innovation tools that accept fully the reality of 
these nonlinear, dynamic issues they aim to 
influence.The process starts with an acceptance that 
unintended and unforeseen impacts, including 
negative impacts, will be a part of the process of 
systemic innovation (Mortimer, 2016). The questions 
a strategic manager asks shifts from  How can we 
avoid uncertainty? to How can we engage with 
complexity and become more comfortable with 
uncertainty? At the most basic level, firms should 
consider how they build adaptive, learning capacities 

and redesign processes to accommodate extensive 
uncertainty and collaboration, e.g. by integrating end-
users to innovation processes to increase the 
likelihood of successful adoption (Purtik et al., 2017). 
This process has parallels with the metaphor of 
organizational resilience (Pendall et al., 2009) and 
positions firms as complex adaptive organisms (Inigo 
& Albareda, 2016). Such a mind-set will accelerate 
systemic innovations – not just because firms are 
confident to act in uncertainty, but also a focus on the 
unexpected means that firms are positioned to harvest 
innovations given that ‘disconfirming data is the 
source of all innovation’(Sharmer, 2008).  
There is one important contribution to the current 
learning that applying a math frame to interpret the 
perceptions of business leaders has uncovered.Our 
approachhelps bridgethe contrasting ideologies in 
sustainability management. The dominating logic in 
management is one of ‘hard’ norms embodied in the 
idea of the business leader making calculated, 
evidence-based decisions, limitingfirms'ability to 
handle the ‘soft’ challenges of sustainability (e.g. 
Hahn et al., 2014). This may have hindered change 
when viewed in the light of research which 
suggeststhat change is best leverage through tapping 
into existing norms (McTernan, 2014). Instead, the 
math frame taps into the existing ‘hard’ normto reach 
a conclusion that echoes the scholars channeling soft 
norms - firms require a shift towards creative, 
adaptive, collaborative organizations. 
A major contribution of the paper is shaping future 
research that explores managers’ acumen to think 
through the mathematical logic of complex systems. 
This includesan analysis of how leaders navigate 
challenges where systemic innovation for 
sustainability is successfully appliedbye.g. exploring 
the emphasis these firms place on understanding the 
mathematics of complexity in recruiting and training 
business leaders. While our study was focused on the 
perceptions of leaders in large multinational 
companies, the viewpoint of SMEs could yield 
complementary insights into understanding how firms 
of different sizes perceive the challenges of systemic 
innovation for sustainability. Smaller firms have 
different innovation capabilities.They have fewer 
complementary assets for carrying out large-scale 
innovation projects.On the other hand,they are more 
agile and (by necessity) willing to risk with more 
exploratory and innovative approaches to cope with 
competition from incumbents. These properties may 
meanthat smaller firms experiencechallenges of 
systemic innovations for sustainability 
differently.Still,we assume that they experience 
similar effects stemming from the common root cause 
of the challenges – the pre-complex mode of 
reasoning in decision-making. 
Also, given that systemic innovation, by definition, 
involves multiple actors, there is anexciting 
opportunity to explore simultaneously the perceptions 
of science, government and industryby following 
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theTriple Helix concept (Etzkowitz &Leydesdorff, 
2000), or in an even broader view by structuring 
analysis via the Quintuple Helix (Carayannis & 
Campbell, 2010). We encourage scholars to explore 
how pre-complex and complex logic emerge in these 
different stakeholders. This could result in 
discovering effective policy options that will take into 
account not only the systemic reactions that currently 
lead to unfavorable lock-in situations (as documented 
by e.g. Wesseling and Van der Vooren, 2017), but 
also facilitate proactive cognitive shifts to 
accommodate complexity in system-wide stakeholder 
decisions. Finally, quantitative analysis would help in 
exploring the relative impacts of key variables on 
systemic innovations for sustainability further and 
connecting those to firm level factors, following the 
example set by Przychodzen& Przychodzen(2017). 
Currently such attempts are held back by a lack of 
sufficient data, especially longitudinally, and the need 
to rely extensively on companies’ self-reporting. 
Therefore, there is room for both qualitative and 
quantitative approaches in this emerging research 
area of systemic innovations for sustainability,and 
especially mixed method approaches could be used to 
complement the available data and reinforce the 
validity of the findings. 
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