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Abstract

Regional innovation systems (RIS) and challenge-oriented regional innovation systems (CORIS) represent
competing ideal types along a continuum from market-driven to sustainability-oriented innovation gov-
ernance. Yet how these ideal types manifest empirically, and what forms of system-level agency emerge
across this continuum, remains largely unexamined. Drawing on 47 semi-structured expert interviews in
Zurich and Helsinki — two European innovation leaders selected through a most different systems design
— and analysed through an inductive-deductive thematic coding approach, this paper shows that neither
case conforms neatly to either ideal type. Both cities occupy intermediate positions on the RIS-CORIS
continuum, with Zurich exhibiting a market-driven logic in which sustainability is contingent on economic
viability, and Helsinki a challenge-oriented configuration in which economic development remains a con-
stitutive co-goal. System-level agency operates through fundamentally different mechanisms in each case:
resource mobilization through contractual arrangements in Zurich, and the active construction of insti-
tutional rationales in Helsinki. Despite these differences, both cases achieve comparable levels of regional
innovation capacity — a finding consistent with equifinality across the continuum. Two shared struc-
tural limitations are identified: a persistent science-policy translation gap and multi-scalar governance
dependencies that constrain regional actors regardless of system orientation. These findings advance the
empirical understanding of hybrid RIS configurations and carry direct implications for regions seeking to
reconfigure their innovation systems towards challenge orientation.
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1 Introduction

Since the 1990s, scholars have conceptualized regional innovation systems (RIS) as territorial enablers
of innovation, positioning regions as efficient loci for networks, collaboration, and knowledge-intensive
learning (Acs7 2002; Asheim & Gertler, 2006). Yet this framework was built around a single purpose:
regional economic growth (Cooke et al., 2004). Confronted with grand societal challenges — from climate
change to social inequality — the actors, organizations and structures of conventional RIS have increasingly
been regarded as ill-suited to the scale and directionality of transformation required (Mazzucato, 2018). In
response, scholars have proposed the notion of challenge-oriented regional innovation systems (CORIS),
which reorient the RIS framework towards ecological, social and economic challenges as the primary
purpose of innovation (Isaksen et al., 2022; Tddtling et al., 2022). This reconfiguration may proceed
through the reorientation of existing actors and structures towards new goals, or through the creation
of novel ones (Bugge et al., 2022), constituting a continuous process rather than a discrete transition
(Isaksen et al., 2022).

Despite this theoretical development, the empirical manifestation of RIS and CORIS as ideal types
remains largely unexamined. Extant studies have investigated single initiatives (Miihlenhoffl & Herzig,
2024) or specific challenges (Sovacool et al., 2024) within pre-defined system types, traced the evolving
roles of individual actors (Giustolisi, 2025), or examined RIS integration into global networks (Morisson &
Gong, 2024), without accounting for the heterogeneity of system elements across the RIS-CORIS contin-
uum (Trippl & T6dtling, 2025). Crucially, both concepts share the same fundamental goal of generating
regional innovation capacity, yet diverge substantially in their actor configurations, institutional align-
ments and the societal purposes they serve (Todtling et al., 2022). How the collective and distributed
activities through which actors develop and adapt innovation system structures — what Gong et al. (2022)
term system-level agency — operate across these hybrid configurations remains an open empirical question.

Against this backdrop, this paper asks:

RQ How do the ideal types of RIS and CORIS manifest empirically, and what forms of

system-level agency emerge in each context?

To address this question, we draw on 47 semi-structured expert interviews conducted in Zurich and
Helsinki, two European innovation leaders that share comparably high levels of innovation capacity while
differing substantially in their governance traditions, industrial base and institutional contexts (“EIS
interactive tool 2025: Regional Innovation Scoreboard”, 2026). A most different systems design (MDSD)
(Anckar, 2008) allows us to examine how distinct system level agencies produce comparable innovation
outcomes through different pathways. The analysis is structured by the five-element RIS/CORIS frame-
work of Tédtling et al. (2022) and combines deductive coding with an inductive pass sensitive to hybrid
configurations that exceed either ideal type. Our findings show that both cases occupy intermediate
positions on the RIS-CORIS continuum, with system-level agency operating through fundamentally dif-
ferent mechanisms in each: resource mobilization in Zurich, and the active construction of institutional
rationales in Helsinki. These results carry implications for regions seeking to reconfigure their innovation
systems towards challenge orientation without replicating a single model. The remainder of the paper is
structured as follows: Section 2 develops the theoretical framework, Section 3 presents the methodology,
Section 4 reports the empirical findings, and Section 5 discusses contributions and implications, with

chapter 6 concluding the findings and implications.
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2 Regional sustainability alignment of innovation as continuum from RIS to CORIS

The persistence of grand societal challenges — climate change, resource depletion, and growing social
inequalities — has prompted a fundamental reorientation of how scholars and policymakers understand
the purpose of innovation. Where the post-war growth paradigm treated innovation primarily as a
driver of economic competitiveness, the launch of the UN SDGs in 2015 crystallised a broader normative
imperative: to direct technological and social change towards environmentally and socially sustainable
alternatives (Diercks et al., 2019). Innovation may serve as a powerful lever for such transformation
(Foray, 2018; Todtling & Trippl, 2018), yet a purely technology- and economically-oriented innovation
logic carries its own risks, including the entrenchment of unsustainable trajectories and the neglect of
distributional effects (Alex Coad et al., 2022). Translating these imperatives into actionable frameworks
requires attending to the spatial context in which innovation unfolds.

Since the 1990s, the regional scale has emerged as a particularly productive analytical and policy-
relevant unit for understanding innovation (Asheim & Gertler, 2006; Philip Cooke, 2001), offering a more
tractable alternative to purely national frameworks (Bengt—Ake Lundvall, 1992). RIS conceptualise the
innovation capacity of regions as shaped by systemic interdependencies between actors, networks, and
institutions, with interactive learning between firms, research organisations, and policy actors considered
central to regional innovation performance (Trippl & To6dtling, 2025). The RIS approach has since
informed a wide body of work on the uneven geography of innovation and shaped place-based policy
instruments, most notably smart specialisation strategies (Todtling & Trippl, 2005).

In recent years, however, mounting pressures from environmental and societal challenges have
prompted scholars to critically rethink the purpose and directionality of RIS. Drawing on the concept of
mission orientation (Mazzucato, 2018) and broader debates on the normative turn in innovation policy, a
growing body of work has argued for reorienting the RIS framework towards explicitly challenge-driven
goals. This has given rise to the notion of challenge-oriented regional innovation systems (CORIS), which
extend the conventional RIS framework by foregrounding ecological, social, and economic challenges as
the central purpose of innovation, rather than economic growth and international competitiveness per
se (Isaksen et al., 2022; Todtling et al., 2022). Where a conventional RIS organises systemic resources
around market-driven innovation, a CORIS directs actors, networks, institutions, and knowledge flows
towards addressing place-based sustainability challenges. Two routes of CORIS development have been
identified: a reorientation route, in which existing RIS assets are mobilised towards new challenge-oriented
goals, and a transformation route, which involves the creation of new structures alongside the dismantling
of unsustainable ones (Isaksen et al., 2022).

Crucially, RIS and CORIS are not mutually exclusive logics but represent ideal-typical positions
along a continuum, both oriented towards the same fundamental goal of generating regional innovation
capacity, yet differing substantially in the types of innovation pursued, the actor configurations mobilised,
and the societal purposes these systems serve (Todtling et al., 2022). It is precisely this combination —
shared outcome, divergent structure — that renders comparative analysis across the continuum analytically
productive. Regions are, moreover, not only shaped by internal dynamics: they are simultaneously
embedded in networks spanning multiple governmental levels and cross-regional or international policy
frameworks (Binz & Truffer, 2017; T6dtling et al., 2022), which define the room that regional actors have

in steering their innovation systems towards either economic or challenge-oriented ends.

2.1 System-level agency as analytical lens

Understanding how regions navigate the transition from RIS to CORIS requires an analytical concept
that captures the deliberate, collective actions through which actors shape innovation system structures.

We draw on the concept of system-level agency, defined as the collective and distributed activities enacted
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by firms, non-firm actors and intermediaries in developing and adapting the relevant supportive innovation
system structures around an emerging industry or societal challenge (Gong et al., 2022). Scholarly work
in economic geography and transition studies has highlighted the role of strategic actions by so-called
system-level agents and system builders who intentionally create, maintain and change system resources,
such as shared visions, support programmes, and standards, that all actors can employ (Binz et al.,
2016; Musiolik et al., 2020). Importantly, the creation of favourable regional environments should be
understood as the outcome of deliberate actions pursued by both firms and non-firm agents, including
the state, academia, non-governmental organizations and a variety of other stakeholders operating at
multiple spatial levels (Trippl et al., 2020).

Relevant forms of collective agency include practices targeting the mobilization of resources as well as
the (de-)construction of rationales (Fuenfschilling & Truffer, 2016). The former concerns rather tangible
resources and is closely related to system building in the innovation system literature (Musiolik et al.,
2020); the latter is characterized by a more cognitive and discursive nature, primarily concerning the
development of narratives that establish what is problematic about existing practices and how new
approaches might address relevant challenges (Bergek et al., 2008; Binz et al., 2016). Applied to the
RIS-CORIS continuum, system-level agency thus denotes the mechanisms through which regional actors,
whether market-driven or mission-oriented, configure and reconfigure their innovation systems in response

to both economic and societal imperatives.

2.2 Towards an empirical understanding of hybrid RIS configurations

Despite this growing body of work, the empirical manifestation of RIS and CORIS as ideal types re-
mains largely unexamined. Extant studies have either focused on single initiatives (Miihlenhoff1 & Herzig,
2024), specific challenges (Sovacool et al., 2024), or the evolving roles of individual actors (Giustolisi,
2025), without accounting for the heterogeneity of system elements across the RIS-CORIS continuum.
Crucially, as Todtling et al. (2022, p. 2144) note, regions often face multiple challenges simultaneously,
suggesting that real-world systems rarely conform neatly to either ideal type. How system-level agency
operates across these hybrid configurations remains an open empirical question. This paper addresses
this gap by examining how system-level agency manifests empirically across the RIS-CORIS continuum,
drawing on a systematic comparison of two relatively contrasting regional cases. By juxtaposing a more
conventional RIS-oriented region with one that exhibits stronger CORIS characteristics, the study moves
beyond single-case accounts to generate theoretically transferable insights into the conditions under which
different forms of system-level agency emerge and what consequences they carry for regional innovation

capacity.

3 Methodology

3.1 Research design and case selection

This paper adopts an exploratory comparative research design to examine how the ideal types of
RIS and CORIS manifest empirically and what forms of system-level agency emerge across the RIS-
CORIS continuum. We draw on a most different systems design (MDSD) from political theory (Anckar,
2008), which enables the analysis of systems that share the same outcome (in this case, high regional
innovation capacity) while differing substantially in their structural characteristics. The shared outcome
is operationalized through the Regional Innovation Scoreboard (“EIS interactive tool 2025: Regional
Innovation Scoreboard”, 2026), which consistently classifies both Zurich and Helsinki among Europe’s top
innovation leaders. Their structural differences in governance traditions, actor configurations, industrial

base, and institutional contexts make them well-suited cases for examining how different system level
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agencies produce comparable levels of innovation capacity through distinct pathways (OECD, 2003,
2011; Todtling & Trippl, 2005).

The MDSD is combined with an inductive-deductive methodology for innovation system case studies
(Fragkandreas, 2025). This approach posits that case study research on innovation systems is primarily
descriptive-exploratory in nature, suited to developing new concepts and testable theoretical proposi-
tions (Eisenhardt, 1989). Accordingly, we enter the empirical analysis with a deductive frame of the
five-element RIS/CORIS framework by Tédtling et al. (2022, p. 2144): (1) type, (2) purpose, and (3)
effects of innovation, (4) actors, networks and institutions, and (5) production and application sides,
while remaining open to inductively derived patterns that exceed or complicate this framework (see
Appendix A for a Todtling et al. (2022)’s overview of RIS and CORIS elements).

3.2 Data collection and analysis

The primary dataset comprises 47 semi-structured expert interviews, 22 in Zurich and 25 in Helsinki,
conducted with actors across four institutional categories: government and public sector (GOV), universi-
ties and academic institutions (UNI), industry and private sector (IND), and intermediary organizations
(INT). Interview duration ranged from 19 to 66 minutes, with an overall average of 42 minutes (see
Table 3 for a full overview). Interviewees were selected through purposive and snowball sampling to
ensure systematic coverage across all actor types relevant to the RIS and CORIS frameworks (Patton,
2002).

Interviews were conducted between March 2023 and March 2024 across both cities. Rather than
standardising language to English, interviews were held in each interviewee’s preferred language, either
English or German, to facilitate rapport and maximise the depth of responses (Welch & Piekkari, 2006).
With interviewee consent, all sessions were audio-recorded and transcribed verbatim; German-language
transcripts were machine-translated into English and subsequently reviewed for accuracy by a fluent
speaker prior to analysis. Semi-structured interview guides were developed following established principles
for expert interviewing (Bogner et al., 2009; Kvale & Brinkmann, 2009), allowing for comparability across
cases while retaining the flexibility to probe context-specific responses. The guides were developed around
the study’s central research interest in regional innovation activities and their relationship to system level
agency, piloted in three preliminary interviews outside the final sample, and adapted by institutional
category while maintaining a shared thematic core anchored in the five RIS/CORIS elements. Interview
data were triangulated with extant policy documents, including city strategies, innovation programme
documentation, and regional development reports, to verify and contextualise interviewee statements.

Data analysis followed a thematic analysis approach (Braun & Clarke, 2006) combining deductive
and inductive coding steps. In a first deductive pass, interview transcripts were coded against the five
Todtling et al. (2022) elements, identifying how each element manifests or fails to manifest in each
city. A second inductive pass coded for patterns that exceeded or contradicted the deductive framework,
most notably the hybrid configurations and intermediate positions on the RIS-CORIS continuum that
constitute the central empirical finding of this paper. To strengthen the trustworthiness of the analysis
(Lincoln & Guba, 1985), coding was conducted independently by two researchers. Intercoder reliability
was assessed after the initial deductive pass, with discrepancies resolved through structured discussion
and iterative revision of the coding frame before the inductive pass commenced. Codes were iteratively
refined through constant comparison within and across cases, with theoretical saturation determined
jointly at the point at which no substantively new codes emerged within or across either case (Glaser &
Strauss, 1967). We acknowledge that the inductive pass in particular relied on interpretive judgement;
the coding overview and supporting interviewee statements in Appendix B are intended to make this

process as transparent as possible.
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4 Cases of Helsinki and Ziirich

4.1 Helsinki: A sustainability-driven innovation system between mission orientation and market

logic
4.1.1  Type of innovation

Helsinki’s innovation landscape extends well beyond the corporate sector, encompassing technological,
social, institutional and user-driven innovations simultaneously — a configuration that aligns closely with
the CORIS ideal type (To6dtling et al., 2022). The Helsinki Energy Challenge exemplifies this breadth:
rather than prescribing a technological solution, the city deliberately sought heterogeneous responses,
"because we know that one technology would not solve the challenge” (GOV3). Evaluation criteria
explicitly rewarded team heterogeneity, awarding points for diverse expertise, thereby institutionalizing
an openness to non-technical innovation from the outset.

This pluralism extends across sectors. City-owned pilots in urban mobility, circular construction, and
education technology operate alongside university-based sustainability incubators, most notably at the
University of Helsinki’s Viiki campus and Aalto University, where sustainability constitutes one of three
cross-cutting institutional priorities. Still, this breadth did not emerge organically. The University of
Helsinki, historically a traditional research university, required deliberate reorientation: ”The University
of Helsinki didn’t use to be a very strong innovation university [...] But together we have decided to
strengthen this innovation side” (GOV6). This trajectory reveals a key characteristic of Helsinki’s
innovation system: CORIS-type innovation is not structurally given, but actively constructed through
system-level agency (Gong et al., 2022).

4.1.2  Purpose of innovation

Innovation in Helsinki is predominantly directed towards grand societal challenges, most prominently
climate neutrality by 2030, circular economy transition, and social sustainability. These goals are not
merely aspirational: they are anchored in multiple, overlapping regulatory and strategic layers, ranging
from EU legislation to city-level targets that frequently exceed national requirements. As one interviewee
noted, “there’s the EU legislation. Then we have voluntary targets and then we have targets set by
the city as well, and then our own targets” (INT11). Helsinki’s city-owned energy company HELEN
exemplifies this layered institutionalization, having been the first energy company in Finland to commit
to science-based targets, with carbon neutrality by 2030 and carbon negativity by 2040 under active
debate.

Yet the purpose of innovation is not reducible to challenge orientation alone. Economic development
remains a constitutive goal, not a residual one. The city’s economic development agency explicitly frames
sustainability and competitiveness as inseparable: "when we talk about economic development and helping
businesses develop, I think today a business can’t develop if it’s not sustainable” (GOV6). This dual
orientation — sustainability as mission, economic development as co-condition — distinguishes Helsinki
from the CORIS ideal type, in which challenge orientation is posited as the primary purpose (T6dtling
et al., 2022). Rather, Helsinki occupies an intermediate position on the RIS-CORIS continuum, in which

ecological and economic logics are mutually constitutive rather than hierarchically ordered.

4.1.8  Effects of innovation

Helsinki’s innovation system exhibits a comparatively developed awareness of the multi-dimensional
effects of innovation, including its potentially problematic dimensions, what Tédtling et al. (2022) term

the bright and dark sides of innovation. The most prominent empirical instance is the city’s sustained
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resistance to biomass as a coal replacement, despite its technical feasibility and initial expert endorse-
ment. The Helsinki Energy Challenge was explicitly designed to avoid a biomass-dominant solution: “we
wanted to stop using coal without switching to biomass, because it was not considered a long-term sus-
tainable solution” (GOV3). This resistance reflects a deliberate effort to assess second-order ecological

consequences rather than defaulting to a technically available option.

At the same time, the systematic measurement and monitoring of innovation effects remains under-
developed. Indicators for circular economy pilots are still being developed: “we have to have ten pilot
projects for circular economy [...] we follow then how they go forward. So, but at the moment we are
also developing the indicators” (INT13). Carbon accounting methodologies are contested internally,
with some organizations expressing reservations about their reliability (INT12). This gap between a
normative commitment to multi-dimensional effect assessment and the operational capacity to measure
it constitutes a structural limitation of Helsinki’s CORIS trajectory, and a relevant finding for regions

seeking to replicate this model.

4.1.4 Actors, networks, and institutions

Helsinki’s actor configuration departs substantially from the Triple Helix model characteristic of con-
ventional RIS (Leydesdorff, 2000). The city of Helsinki itself functions as the dominant system-level
agent (Gong et al., 2022): as Finland’s largest employer with 40,000 employees, owner of HELEN and
Forum Virium, administrator of the Innovation Fund, and primary financier of university incubation
programmes, its structural centrality is without parallel in the region. Crucially, this role has expanded
to compensate for the relative passivity of the Finnish national state in funding innovation infrastructure:
"the cities have been kind of stepping up where the state has been more passive” (UNI3). Unlike Sweden,
Denmark or Israel, Finland does not fund university incubation at the national level; a structural gap

that Helsinki has absorbed through municipal initiative.

Beyond the city, Helsinki is characterized by a dense layer of science-policy intermediaries that have
no direct equivalent in conventional RIS configurations. Urban Academy, HELSUS, the Finnish Academy
of Science and Letters, and the Kone Foundation each perform distinct but complementary knowledge
brokering functions: translating research into policy-relevant formats, convening cross-sector dialogue,
and providing institutional space for critical perspectives on sustainability. Yet this density of interme-
diaries does not straightforwardly resolve the translation problem. As one interviewee stated, the gap
between academic knowledge and actionable city-level implementation remains a persistent hindering
factor (INT5). Workarounds, such as the annual thesis topic market, through which the city channels
its operational questions to master students, reflect the pragmatic adaptations that actors develop in the

absence of smooth science-policy interfaces.

Civil society and citizens constitute a third distinctive actor layer. Participatory budgeting, borough
liaison structures, and open innovation competitions institutionalize bottom-up input into the city’s
innovation processes. This inclusion of citizens as active innovation agents, rather than merely end users,
aligns with the CORIS framework’s emphasis on new innovation agents beyond firms and universities
(Todtling et al., 2022). Coordination between these actor layers, however, remains challenging: inter-
departmental alignment within the city administration is identified as a recurring bottleneck (GOV1,
GOV?2), and the historically separate district heating networks of Helsinki, Espoo and Vantaa illustrate
how path-dependent institutional fragmentation can constrain regional system-level agency even where
collaborative intent exists (INT11).
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4.1.5  Production and application sides

Helsinki systematically addresses both the supply and application sides of innovation, a configuration
that corresponds to the CORIS ideal type and stands in marked contrast to the supply-side dominance
characteristic of conventional RIS (Todtling et al., 2022). The city’s piloting model, described as operating
“through small, agile pilots, which could, after waiting a few months to half a year, then [scale] to proper
pilot scale and then bigger, scalable solutions” (GOV1, GOV2), institutionalizes experimentation as a
systemic practice rather than an exceptional event. Selection criteria for pilots explicitly weigh anticipated
impact and the city’s ability to play an active enabling role, thereby ensuring that application-side
considerations shape the innovation process from its outset (INT13).

Diffusion is not treated as an automatic downstream process. Helsinki actively invests in upscaling
mechanisms: Smart Kalasatama serves as a dedicated urban testbed for climate-related solutions; Urban
Tech Helsinki invites international startups to pilot city solutions locally; and Helsinki Partners exports
Finnish expertise to other cities globally. The Helsinki Energy Challenge further illustrates this orienta-
tion: its results were deliberately made available to cities worldwide rather than retained as proprietary
knowledge (GOV3). This commitment to open diffusion reflects a systemic logic in which Helsinki posi-
tions itself as a node in a global sustainability transition network, rather than merely optimizing its own

regional innovation output.

4.2 Zurich: A market-driven innovation system with peripheral sustainability orientation
4.2.1  Type of innovation

Zurich’s innovation landscape is firmly rooted in the corporate sector, with technological, organiza-
tional and marketing innovation as its dominant modes, a configuration that corresponds closely to the
RIS ideal type (Todtling et al., 2022). Innovation activities are primarily initiated and driven by in-
cumbent firms and large corporations, for whom innovation serves as a direct instrument of competitive
differentiation. As one industry interviewee stated: ”[the start-ups] just have to bring a solution for
our cost, for our pain point. It’s very easy as that” (IND1). The dominant logic is one of pain-point
resolution within existing business models, rather than systemic reorientation towards broader societal
goals.

Sustainability does surface as an innovation driver in Zurich, but primarily as a market differentiator
rather than a constitutive purpose. Where firms engage with sustainability topics, this engagement
is framed in terms of competitive positioning: “the topic of sustainability [...] will be something that
we can differentiate with other insurance companies in the next decade” (IND1). Similarly, circular
economy consulting operates on the premise that ecological benefits are only actionable when underpinned
by a viable business case: “we usually start with the business case [...] ecological benefits [...] are
there anyway” (IND2). This market-mediated relationship with sustainability, present but subordinate,
distinguishes Zurich from both the RIS ideal type in its purest form and from Helsinki’s challenge-oriented

configuration, positioning it as an intermediate case on the RIS-CORIS continuum.

4.2.2  Purpose of innovation

The primary purpose of innovation in Zurich is regional economic growth and competitiveness, with
sustainability functioning as a secondary consideration contingent on economic viability. There is no
overarching regulatory or strategic framework that mandates sustainability as an innovation goal: “there
is not really a regulation pressure right now” (IND1). In the absence of such a framework, individual
actors determine the extent to which sustainability is integrated into their innovation activities, resulting

in a fragmented and largely voluntary orientation towards ecological goals.
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Scalability serves as the dominant selection criterion for innovation support: “if it’s able to scale [...]
it’s not that we don’t do anything but it doesn’t help us in the beginning” (IND1). This logic prioritizes
digital and software-based innovations, which scale at low marginal cost, over hardware or infrastructure
solutions that may carry greater sustainability potential but are more capital- and regulation-intensive.
Public and semi-public institutions, including Standortférderung Zurich and the Chamber of Commerce,
reinforce this orientation by actively promoting a business-friendly environment and positioning the region
as an internationally competitive innovation location. Their role is primarily one of facilitation and
matchmaking rather than mission setting, a configuration that aligns with the RIS ideal type’s emphasis
on enabling economic growth rather than directing innovation towards societal challenges (Todtling et al.,
2022).

4.2.8  Effects of innovation

Zurich’s innovation system exhibits a pronounced pro-innovation bias, with limited institutional at-
tention to the multi-dimensional or potentially adverse effects of innovation — a pattern characteristic of
the RIS ideal type (Todtling et al., 2022). Innovation outcomes are evaluated predominantly through
economic metrics: investment volumes, turnover growth, employment figures and scalability potential.
Sustainability impacts, where measured at all, tend to be tracked at the level of individual firms or projects
rather than systemically, and without standardized indicators or external validation requirements.

A partial exception is visible in the sustainability consulting sector, where CO2 savings are recorded
and subject to third-party verification: ”I’ll record my mandates. How many COZ2 equivalents I saved
[...] T get supervised or reviewed by a third party” (IND2). However, this practice is confined to a
specific niche and does not reflect a systemic orientation towards effect monitoring across the innovation
system as a whole. The meaning of sustainability itself remains contested and fragmented across actors:
"I assume that everybody of us has a different understanding what that means and if I talk to an SME
about sustainability, to them it’s an ability that he is still living in 10 years” (IND1). This semantic
fragmentation constitutes a structural barrier to the development of shared sustainability metrics, and,
more broadly, to the kind of collective system-level agency (Gong et al., 2022) that would be required to

redirect Zurich’s innovation system towards challenge orientation.

4.2.4 Actors, networks, and institutions

Zurich’s actor configuration corresponds closely to the Triple Helix model (Leydesdorff, 2000): in-
cumbent firms, applied universities and public institutions form the core of the innovation system, knit
together through institutionalized, contractual arrangements. ETH Zurich and the Zurich University of
Applied Sciences (ZHAW) function as primary knowledge generators, with innovation flowing predomi-
nantly through university-industry contracts, IP licensing, and spin-off formation. As one public sector
interviewee noted: "ETH is one of the main drivers for innovation. But there are other research institu-
tions and universities of applied sciences in Zurich [...] spin-offs [are] a very important element in this
regard at the interface between research and practice” (ZGOV1).

Public and semi-public intermediaries play a distinctly subordinate and facilitative role. Rather than
setting the innovation agenda, they function as matchmakers and location promoters: attracting talent,
reducing transaction costs for firm-university collaboration, and maintaining the pro-business institutional
environment that underpins Zurich’s competitive position. Civil society and citizens are largely absent
as innovation agents, in contrast to Helsinki’s participatory architecture. This actor configuration is
stable and well-institutionalized, reflecting the path-dependent consolidation of a market-driven RIS over
several decades.

A distinctive structural feature is Zurich’s position outside the EU single market, which generates
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both constraints and opportunities for innovation. The Swiss regulatory environment creates friction for
hardware-intensive or cross-border innovations: ”if it’s hardware like solar panels [...] you also have to
think about the Swiss requlations” (IND1), while simultaneously offering a degree of regulatory flexibility
that firms in EU member states do not enjoy. This extra-EU positioning shapes the actor strategies and
institutional logic of Zurich’s innovation system in ways that have no direct parallel in Helsinki, and

constitutes a relevant contextual factor for regions seeking to draw on Zurich as a reference case.

4.2.5  Production and application sides

Zurich’s innovation system is predominantly supply-side oriented, focused on the generation and
production of innovation within the region rather than on its diffusion, application or upscaling for
societal purposes, a configuration that corresponds to the RIS ideal type (Todtling et al., 2022). The
primary mechanisms of innovation transfer are commercialization-oriented: IP licensing, spin-off creation,
and university-industry contracts with defined KPIs and delivery timelines. As one industry interviewee
described: "I always say corporate innovation [...] you’re trying to figure out which of the services makes
sense from a customer and pain point perspective” (IND1). The application side is framed in terms of
market uptake rather than societal impact.

ETH Zurich’s sustainability unit, established directly under the office of the president fifteen years
ago, represents a partial deviation from this supply-side logic, providing an institutional anchor for
sustainability-oriented research and its translation into practice (ZINT1). However, this initiative op-
erates at the margins of Zurich’s dominant innovation logic rather than transforming it. More broadly,
there is no equivalent to Helsinki’s systematic piloting infrastructure, open challenge model, or deliberate
knowledge-sharing orientation towards other regions. Innovation outputs in Zurich are primarily captured
as private value — through IP, competitive advantage and market position rather than treated as a collec-
tive resource for addressing regional or global challenges. This distinction in the production-application
logic of the two cases is among the most empirically pronounced differences identified in this study, and
speaks directly to the structural conditions that enable or constrain the emergence of challenge-oriented

system-level agency (Fuenfschilling & Truffer, 2016; Gong et al., 2022).

4.3 Cross-case comparison: System-level agency across the RIS-CORIS continuum

The comparative analysis of Zurich and Helsinki reveals that neither case conforms neatly to the ideal
types of RIS or CORIS as defined by T6dtling et al. (2022). Rather, both cities occupy intermediate
positions on the RIS-CORIS continuum, with Zurich clustering towards the RIS pole and Helsinki to-
wards the CORIS pole, yet each exhibiting elements of the opposing configuration. This finding speaks
directly to the empirical research gap identified in the literature: real-world innovation systems are hy-
brid formations, shaped by path-dependent institutional configurations, actor strategies, and multi-scalar
governance contexts that resist reduction to either ideal type (Isaksen et al., 2022).

Type and purpose of innovation constitute the dimension along which the two cases diverge most
sharply. Zurich’s innovation activities are predominantly confined to the corporate sector, driven by eco-
nomic pain-point resolution and competitive differentiation. Helsinki, by contrast, produces innovation
across multiple societal domains simultaneously, with sustainability as a constitutive, though not exclu-
sive, purpose. Yet even here, the contrast is not absolute: Helsinki retains a strong economic development
logic, and Zurich shows nascent sustainability orientation in select niches. The key difference lies not
in the presence or absence of sustainability, but in its institutional status: in Helsinki, sustainability is
structurally embedded across actor strategies, funding mechanisms and evaluation criteria; in Zurich, it
remains contingent on individual business cases.

Effects of innovation reveal a comparable pattern. Helsinki’s normative commitment to assessing



Different Paths, Same Outcome May 22, 2026 Page 11

the multi-dimensional consequences of innovation — including its dark sides — is empirically visible in
decisions such as the rejection of biomass as a coal replacement. Zurich, by contrast, operates with a
strong pro-innovation bias, evaluating outcomes primarily through economic metrics. Crucially, however,
Helsinki’s operational capacity to measure sustainability effects remains underdeveloped, suggesting that
the gap between normative commitment and systemic practice is considerable even in the more challenge-
oriented case. This finding complicates a simple RIS-CORIS dichotomy and points to the importance of

distinguishing between the orientation of an innovation system and its capacity to act on that orientation.

Actors, networks and institutions represent the dimension along which the two cases are most
structurally distinct. Zurich’s Triple Helix configuration with firms, universities, public intermediaries
in stable, contractual arrangements stands in marked contrast to Helsinki’s extended actor architecture,
which incorporates the city as dominant system-level agent, a dense layer of science-policy intermediaries,
and citizens as active innovation participants. This difference is not merely one of scale or density,
but of structural logic: in Zurich, the state plays a facilitative and subordinate role; in Helsinki, the
municipality is the primary initiator and orchestrator of innovation processes. The resulting forms of
system-level agency (Gong et al., 2022) differ accordingly: Zurich’s system-level agency is predominantly
enacted through market mechanisms and contractual resource mobilization; Helsinki’s combines resource
mobilization with the active construction and deconstruction of institutional rationales (Fuenfschilling
& Truffer, 2016), including through open challenges, participatory budgeting and deliberate knowledge-

sharing with other cities.

Production and application sides reveal perhaps the most pronounced structural difference be-
tween the two cases. Zurich’s supply-side dominance — innovation as private value capture through IP,
licensing and spin-offs — contrasts with Helsinki’s systematic investment in both generation and diffusion,
including open piloting models, international knowledge-sharing and urban testbeds. This difference
reflects distinct understandings of what innovation is for: in Zurich, it is primarily an instrument of com-
petitive advantage; in Helsinki, it is increasingly a collective resource for addressing regional and global

challenges.

Taken together, these findings support a central theoretical claim of this paper: equifinality charac-
terizes the RIS-CORIS continuum. Both Zurich and Helsinki achieve high levels of innovation output — as
evidenced by their shared status as European innovation leaders in the Regional Innovation Scoreboard
(“EIS interactive tool 2025: Regional Innovation Scoreboard”, 2026) — through fundamentally different
system logics, actor configurations and institutional arrangements. This suggests that there is no single
pathway to system-level innovation capacity, and that regions seeking to reconfigure their innovation
systems towards challenge orientation need not replicate a single model. Rather, the relevant question
is which forms of system-level agency are available and actionable given a region’s existing structural

conditions and path dependencies (Trippl et al., 2020).

At the same time, the comparison reveals two shared structural limitations that cut across both
cases. First, the translation between scientific knowledge and actionable governance remains a persistent
bottleneck: in Helsinki through the science-policy interface gap identified by multiple intermediary actors,
in Zurich through the fragmented and contested meanings of sustainability across the actor landscape.
Second, multi-scalar governance dependencies, EU funding criteria in Helsinki and the Swiss extra-EU
regulatory environment in Zurich, shape the room for manoeuvre of regional actors in ways that are only
partially within their control (Binz & Truffer, 2017; Tédtling et al., 2020). These shared constraints
suggest that the reconfiguration of RIS towards challenge orientation is not solely a matter of regional
will or capacity, but is structurally conditioned by institutional contexts that extend well beyond the

regional scale.
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5 Discussion and implications

The empirical analysis of Zurich and Helsinki yields three substantive contributions to the literature
on RIS and system level agency.

First, this study provides evidence that the ideal types of RIS and CORIS (Todtling et al., 2022)
rarely manifest in their pure form empirically. Both cases exhibit hybrid configurations: Zurich retaining
nascent sustainability orientations within a predominantly market-driven logic, Helsinki embedding eco-
nomic development goals within a predominantly challenge-oriented framework. This finding extends the
observation by Todtling et al. (2022, p. 2144) that regions often face multiple challenges simultaneously,
suggesting that the analytical value of the RIS-CORIS framework lies not in classification but in mapping
the specific configurations of elements that constitute real-world intermediate forms. Extant literature
has either focused on domain-specific driving forces such as policy-making (Mazzucato, 2018) or actor
collaboration (Leydesdorff, 2000), or offered a static description of innovation system features (T6dtling
et al., 2022). This study moves beyond these perspectives by tracing how RIS and CORIS elements
co-exist, interact and tension each other within the same regional system, providing a more dynamic and
empirically grounded understanding of innovation system configurations.

Second, the comparative analysis demonstrates that high levels of regional innovation capacity can
emerge through fundamentally different system level agencies, what transition scholars refer to as equi-
finality (Fuenfschilling & Truffer, 2016). Zurich achieves this through market-mediated resource mobi-
lization, contractual university-industry arrangements and a facilitative public sector; Helsinki through
municipal mission ownership, participatory governance and deliberate knowledge diffusion. This finding
has direct implications for policymakers in regions seeking to reconfigure their innovation systems to-
wards challenge orientation: there is no single replicable model, and the relevant question is which forms
of system-level agency (Gong et al., 2022) are actionable given a region’s existing structural conditions
and path dependencies (Trippl et al., 2020). This work thus provides a practical starting point for re-
gions to first identify the characteristics of their own innovation system and, subsequently, assess which
elements of either system level agency are transferable to their context.

Third, the study surfaces two structural limitations that cut across both cases and constitute relevant
hindering factors for CORIS development more broadly. The science-policy translation gap — the diffi-
culty of converting research knowledge into actionable governance — manifests differently in each city but
is empirically present in both, suggesting it is a systemic rather than idiosyncratic feature of innovation
systems at this level of complexity. Similarly, multi-scalar governance dependencies condition the room
for manoeuvre of regional actors in ways that are only partially within their control (Binz & Truffer,
2017; Todtling et al., 2020): Helsinki’s green transition is accelerated by EU funding criteria and science-
based targets, but simultaneously constrained by national government passivity and economic headwinds;
Zurich’s innovation system benefits from regulatory flexibility outside the EU, while facing friction for
hardware-intensive or cross-border sustainability solutions. These findings underscore the importance of
multiscalar perspectives in RIS and CORIS research (Isaksen et al., 2022), and suggest that regional in-
novation policy cannot be designed in isolation from the national and supranational institutional contexts
in which it is embedded.

6 Conclusion

This paper set out to examine how the ideal types of RIS and CORIS translate into real-world cases,
and what forms of system-level agency emerge across the RIS-CORIS continuum. Drawing on 47 semi-
structured expert interviews in Zurich and Helsinki, analyzed through an inductive-deductive coding

approach (Fragkandreas, 2025) and structured by the five-element framework of Té6dtling et al. (2022),
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we show that both cases occupy intermediate positions on the RIS-CORIS continuum — neither fully
conforming to, nor entirely departing from, the respective ideal type. Zurich exemplifies a market-driven
system in which sustainability is present but contingent on economic viability; Helsinki exemplifies a
challenge-oriented system in which economic development remains a constitutive co-goal. The concept of
system-level agency (Gong et al., 2022) proves productive in capturing how actors in each case configure
and reconfigure their innovation systems through distinct but complementary mechanisms: resource
mobilization in Zurich, and the active construction of institutional rationales in Helsinki (Fuenfschilling
& Truffer, 2016).

These findings carry implications for both theory and practice. Theoretically, they call for a shift
in RIS and CORIS research from ideal-type classification towards empirical mapping of hybrid configu-
rations and the system-level agency mechanisms that sustain them. Practically, they suggest that the
transformative capacity of a RIS is not a fixed structural property, but an outcome of deliberate actor
strategies that can be studied, assessed and — to a degree — designed. Future research should extend
this comparative framework to additional cases, particularly in intermediate and less-developed regions
(Trippl & Todtling, 2025), where the tension between RIS and CORIS logics may be more acute and
the pathways to challenge orientation less institutionally supported. Longitudinal designs would further
allow for tracing how system-level agency evolves as regions move along the RIS-CORIS continuum over

time.
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Appendix A Differences between Regional Innovation Systems (RIS) and Challenge-
Oriented Innovation Systems (CORIS) (To6dtling et al., 2022, p. 2144)

Regional Innovation System

Challenge-Oriented Regional Innovation
System

Type of innovation

Purpose of

innovation

Effects of

innovation

Actors, networks

and institutions

Production and

application sites

Innovation in the regional corporate sector:

technological, organizational, marketing innovation

Economic growth and competitiveness of the

regional economy

Focus on positive effects (strong pro-innovation
bias)

Firms, universities, state, intermediaries knit
together in stable (local and non-local) networks
and embedded in a static multiscalar institutional

landscape

Supply side (generation/production of innovation

in the region)

Innovation in the regional corporate sector and in
other realms (public sector, civil society, regional
and urban communities: technological, user, social,

institutional innovations)

Grand societal challenges and problems faced by

the region

Focus on multi-dimensional effects of innovation:
bright and dark sides

Conventional RIS actors and ‘new’ innovation
agents (civil society, public sector actors, users,
etc.) knit together in/influenced by dynamically
developing networks and evolving institutional
configurations at multiple scales

Supply side and demand/application side
(experimentation/diffusion/upscaling of innovation

in the region)



Appendix B Code matching of Zurich and Helsinki to innovation system concepts. Matchmaking is based on interviewee statements and
on T6dtling et al. (2022)’s framework.

Element

RIS — Zurich

RIS — Helsinki

CORIS — Zurich

CORIS — Helsinki

Type of innovation

“We usually start with identifying
the business case [...] ecological
benefits [...] are there anyway.”
(ZUR_IND_2)

“We should use our applied teaching
and research in order to figure out
solutions [...] prazis-based,
concrete.” (ZUR_UNI_1)

“We do sustainable projects [...] we
still talk about economic
development. We want to see that it
also benefits our companies.”
(HEL_.GOV _4)

“So we have the R€D team

responsible for the innovation.”
(HEL_IND_2)

“The goal is to transition to a
circular economy where we have more
or less zero waste.” (ZUR-IND_2)

“We used a theory of change process
to guide integration across disciplines
and stakeholders.” (ZUR-INT_3)

“Basically, anything related to
sustainable innovation and
sustainable city development — from
tiny pilots to large-scale
replicability.” (HEL_.GOV_1/GOV_2)

“We also wanted to get
non-technological innovations because
we know that one technology would
not solve the challenge.”
(HEL_GOV_3)

“Bven the team was evaluated |[...]
you get points if you had a very
heterogeneous team with a variety of
know-how.” (HEL_-GOV_3)

“More innovations that drive
sustainability. And then our own
ingredient was the systems thinking.”
(HEL_INT.7)

Continued on next page
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Element

RIS — Zurich

RIS — Helsinki

CORIS — Zurich

CORIS — Helsinki

Purpose of innovation

“We are really much also KPI
driven. We try to find out all our
KPIs within three to siz months.”
(ZUR_IND.1)

“Our main goal is to get as many
private job opportunities in Helsinki
as possible [...] because the more
companies we have, the more tax the
city collects.” (HEL_.GOV_6)

“We spin off technology [...] deep
tech startups that then are the seeds
for the industries.” (HEL_INT_.9)

“This is something which is a
commercial, sort of business-based
innovation.” (HEL_UNI_2)

“We want to help them to see
different perspectives of sustainability
and enable them to become
changemakers.” (ZUR_INT_4)

“With design thinking you always
have to go deeper and find really the
need that is there and that’s not
met.” (ZURINT_4)

“The city of Helsinki is very
committed to grow in a sustainable
way — not only ecological, but also
social, cultural, and economic
sustainability.” (HEL_GOV_3)

“The criteria here again is: are they
able to drive the sustainability of food
systems?” (HEL_INT_T)

“One of our incubators is dedicated
to finding ways of, for example, reuse
of materials.” (HEL_UNI_3)

“Fven if they’re not commercialized,
but can be transferred and
implemented in the wider society.”
(HEL_UNI.3)

Effects of innovation

“We have a unit called Sustainable
Finance [...] trying to include ESG
criteria in our products and
strategies.” (ZUR_IND_2)

“We measure how much tnvestment
our companies get, their turnover,
and employment — these are our
startup metrics.” (HEL_INT_2)

“You can prove that the idea has the
business potential.” (HEL_IND_2)

“We work together with PhDs and
postdocs [...] we get a lot of data
from industry, which helps us
understand why certain innovations
don’t work, even though they look
good in theory.” (ZURINT_14)

“We wanted to stop using coal
without switching to biomass, because
it was not considered a long-term
sustainable solution.” (HEL_.GOV_3)

“There’s a lot of participation work,
where citizens can propose different
types of projects [...] built in from
the sustainability point of view.”
(HEL_.GOV_1/GOV_2)

“The impact is not very large either
way. But personalized medicine
might reduce medical waste and
unnecessary medication.”
(HEL_.IND_1)

Continued on next page
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Element

RIS — Zurich

RIS — Helsinki

CORIS — Zurich

CORIS — Helsinki

Actors, networks &

institutions

“ETH is one of the main drivers for
innovation [...] spin-offs as a very
important element at the interface
between research and practice.”
(ZUR-GOV_.1)

“We are in touch with external

partners, be it the big fours, be it any
consulting firm.” (ZUR-INT.5)

“We help startups grow and track
investment, employees, turnover —
but not sustainability KPIs.”
(HEL_INT.2)

“It’s a political question how much
we want to invest on sustainability
[...] our current government is not
probably the best in doing that.”
(HEL_INT.5)

“Now there is a change of awareness
that it is better to have an early
dialogue with stakeholders and to
perceive them as collaborators, also
as knowledge providers. But there’s
still a long way to go.” (ZURINT_2)

“For the evaluation of proposals, we
involve practitioners [...] we don’t
want scientists to evaluate
scientists.” (ZUR_INT_2)

“We are a city-owned innovation
company [...] aligning all our
projects with the city’s strategic
goals.” (HEL_INT_1)

“We have a strategic partnership
with universities around city
development, sustainability and
skilled workforce.” (HEL-GOV_6)

“Our former mayor was very keen on
following New York’s voluntary SDG
reporting.” (HEL_.GOV_1/GOV_2)

“We have every siz weeks SDG
experts from the cities coming
together for peer learning and peer
sparring.” (HEL_INT_10)

“The city is the strongest actor in

the beginning of the pilot projects.”
(HEL_INT_5)

Continued on next page
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Element

RIS — Zurich

RIS — Helsinki

CORIS — Zurich

CORIS — Helsinki

Production &

application sides

“ETH Zurich created ETH
Sustainability already 15 years ago
[-..] directly with the office of the
president.” (ZURINT_1)

“T'dLab bridges technological and
economic-oriented innovation
between industry and HEIs.”
(ZUR_UNI.2)

“We had first customers before we
had the bank account open.”
(HEL_IND_1)

“Our role is to help researchers in
commercializing inventions arising
from the university.” (HEL_UNIL.5)

“We are having the first outside
evaluation [...] how much
investments do our companies make,
their turnover, and amount of

employees growing.” (HEL_INT_2)

“We are trying to understand the
mechanisms that should affect the
transformation.” (ZURINT.T)

“We are using subcontractors and
universities in that phase.”
(ZUR_IND_2)

“Smart Kalasatama is the smart city
model area [...] pioneering for the
city’s climate goals in terms of
energy usage and sustainable
everyday life for citizens.”
(HEL_INT-1)

“With the testbed services for EdTech
in place, we were able to co-create
non-market traditional solutions
together with Helsinki teachers and
learners.” (HEL.GOV_5)

“We operate the Urban Tech Helsinki
program [...] we invite startups from
abroad to come and pilot their city
solution.” (HEL_INT_8)

“We collect a lot of data and try to
verify the functionality of the
solution.” (HEL_INT_5)
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Table 3: Overview of interviewees

ID No. Region Type Duration Role / Function Organization

Zurich (n = 22, avg. 48 min)

GOVl 1 ZUR GOV 44 min Deputy Head, Federal Office Municipality

UNI.1 2 ZUR UNI 53 min Head of University

UNI2 3 ZUR UNI 48 min Group Leader / Lecturer University

INT1 4 ZUR INT 43 min Head of University

INT2 5 ZUR UNI 48 min Project Manager Institute

INT3 6 ZUR INT 49 min Researcher University

UNI3 7 ZUR UNI 26 min Director University

INT4 8 ZUR INT 33 min Researcher University

INTS5 9 ZUR INT 31 min Lecturer University

INT 6 10 ZUR INT 40 min Researcher University

INT7 11 ZUR INT 43 min Lead Tech Transfer Office, University

IND_.1 12 ZUR IND 59 min Start-up Support within Company Company

INT 8 13 ZUR INT 27 min Deputy Managing Director NGO

IND2 14 ZUR IND 39 min Consultant Municipality

INT9 15 ZUR INT 33 min Co-Lead Municipality

INT_10 16 ZUR INT 40 min Project Lead Municipality

INT 11 17 ZUR INT 39 min Team Lead Municipality

IND.3 18 ZUR IND 37 min Start-up Support NPO

INT 12 19 ZUR INT 37 min Head of Department University

INT_13 20 ZUR INT 57 min Team Lead Knowledge & Technology Municipality
Transfer, National Innovation Agency

IND4 21 ZUR IND 50 min Director Innovation Management Company

INT_14 22 ZUR INT 50 min Co-Lead University

Helsinki (n = 25, avg. 42 min)

UNI.1 1 HEL UNI 66 min Researcher; Scientific Director University

GOVl 2 HEL GOV 58 min Innovation Agent Municipality

GOvV2 3 HEL GOV - Senior Advisor Municipality

INT.1 4 HEL INT 42 min Development Manager Municipality

UNI2 5 HEL INT 52 min Head of University

INT2 6 HEL UNI 32 min Project Manager Incubator

INT3 7 HEL INT 45 min Academic Secretary Intermediary

INT 4 8 HEL INT 46 min Knowledge Broker Intermediary

INTS5 9 HEL INT 57 min Knowledge Broker Municipality

INT6 10 HEL INT 48 min Senior Account Manager Research Institute

GOV3 11 HEL INT 42 min Head of Department Municipality

GOV4 12 HEL GOV 22 min Chief Advisor Municipality

IND.1 13 HEL IND 19 min Founder Start-up

UNI3 14 HEL UNI 45 min Director University

UNI4 15 HEL UNI 21 min Interim Chief Executive University

GOV 16 HEL GOV 37 min Lead Advisor Municipality

INT.7 17 HEL INT 37 min Manager University-City Initiative

INT8 18 HEL INT 42 min Head of Department University

INT9 19 HEL INT 39 min Executive Vice President EU Research Institute

GOVS6 20 HEL GOV 40 min Chief Specialist Innovation Fund

INT_10 21 HEL INT 48 min Project Manager Municipal Association

INT_11 22 HEL INT 33 min Vice President Semi-public Company

INT_12 23 HEL INT 50 min Chief Executive Officer NPO

INT 13 24 HEL INT 45 min Project Manager Municipality

IND2 25 HEL IND 36 min Director Company

Total: n = 47, avg. duration = 42 min

GOV = Government / Public Sector; UNI = University / Academic Institution; IND = Industry / Private Sector; INT =

Intermediary Organization.

GOV_1 and GOV_2 (Helsinki) were interviewed jointly; duration counted once.
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