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Abstract
The recent proliferation of types and accounts of experimentation in sustainability 
science still lacks philosophical reflection. The present paper introduces this bur-
geoning topic to the philosophy of science by identifying key notions and dynam-
ics in sustainability experimentation, by discussing taxonomies of sustainability 
experimentation and by focusing on barriers to the transfer of evidence. It inte-
grates three topics: the philosophy of experimentation; the sustainability science 
literature on experimentation; and discussions on values in science coming from 
the general philosophy of science, the social sciences, and sustainability science. 
The aim is to improve understanding of how sustainability experimentation has 
evolved, from a broader picture of the history and philosophy of science, with a 
specific focus on understanding evidence production and how evidence traveling 
in and from sustainability experiments can be improved, particularly in the context 
of complex and pervasive normative commitments of the research. By engaging in 
these topics, this research is one of the first philosophical accounts of sustainabil-
ity experimentation, contributing both to the knowledge on specific philosophies 
of science and to the further development of an evidence-based sustainability sci-
ence through a better understanding of the barriers to more relevant and usable 
knowledge.
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1  Introduction: grounds for the philosophy of sustainability 
experimentation

Evidence is the hallmark of science, and experimentation1 is the main tool for 
producing evidence in a range of scientific fields (Hacking, 1983; Radder, 2003). 
Experimentation is the main way to obtain clues for causal inference, test the verac-
ity of scientific theories, eliminate alternative explanations, and is also an important 
driver of innovation and novel solutions to practical problems (Feynman et al., 1963; 
Thye, 2014). The existing literature on experiments and experimentation has not yet 
produced a unified definition of what experiments are, except that they are initiatives 
that deviate from currently normalized practices (Hilden et al., 2017). Instead of a 
unified definition, different scientific disciplines have highlighted various aspects of 
experimentation, thereby contributing to John Dewey’s idea of a pluralistic ‘experi-
mental society’ or ‘culture of experimentation’ (VanderVeen, 2011).2 This idea grew 
during the twentieth century in the context of the social sciences, producing con-
cepts such as – ‘society as laboratory’, ‘risk society’, ‘collective experimentation’, 
etc.

Experiments are crucial for sustainability science because they allow researchers 
to produce evidence about both the causes of sustainability problems, and about the 
effectiveness of their solutions (Caniglia et  al.,  2017), given the widely acknowl-
edged overarching goal of sustainability science – the transformation of society 
towards new practices and organizational structures (Kates et  al.,  2001; Rotmans 
et  al.,  2001). Sustainability experimentation is also a central driver of change in 
human-natural systems, the main aim of which is to provide knowledge about new 
solutions to current sustainability problems (Luederitz et al., 2016; Ansell & Bar-
tenberger, 2016; Jalas et  al.,  2017). In testing and inciting fundamental processes 
of change of practices, values and social order, we are witnessing a proliferation of 
known forms and types of experimentation (e.g., living labs, transformation labs, 
real-world laboratories, etc.).

The diversity of experiments in the burgeoning field of sustainability science (SS) is 
creating an increasingly complex research area and the literature reporting on sustain-
ability experimentation is rapidly growing (e.g., Sengers et  al., 2019; Kivimaa et  al., 
2017a, b; Laakso et al., 2017; Caniglia et al., 2017; Weiland et al., 2017; Heiligenberg, 
2017; Schapke, 2018). Although some recent systemic studies of experimentation in SS 
make the connection to the philosophy of science (e.g., to classical Baconian experi-
mentation) as a point of reference for developing a somewhat broader view of experi-
ments (e.g., Caniglia et al., 2017; Weiland et al., 2017), the recent proliferation of per-
spectives on sustainability experimentation needs a deeper, comprehensive philosophical 
account of the key notions and major dynamics. In particular, we need to develop a 

1 Throughout this article, we use ‘experiments’ to refer to the process of performing a scientific proce-
dure, and ‘experimentation’ to refer to scientific practice, including its scientific approach, background 
knowledge, broader context and outputs.
2 This also influences the contemporary science-policy discourse – the Finnish Government Program of 
2015, for example, explicitly aspires to create a ‘culture of experimentation’ (Government Programme, 
2015).



1 3

European Journal for Philosophy of Science (2021) 11:83 Page 3 of 22 83

better understanding of the philosophical motives, researchers’ roles, responsibilities and 
possible outcomes of experimentation, including particularly experimental assumptions, 
learning, and how evidence travels in SS (transferability of experimental results).

In seeking to bring greater coherence to the literature on sustainability experi-
mentation and while trying to identify barriers and limitations and ensure its effec-
tiveness and avoid pitfalls, I investigate the key philosophical notions and dynamics 
of sustainability experimentation, highlighting comparisons with other experimen-
tal fields, and addressing the theoretical underpinnings of sustainability experimen-
tation including the critical question regarding the roles of values in SS. For this 
purpose, it seems fruitful to view sustainability experimentation in the context of 
the history and philosophy of experimentation and to draw conclusions from this 
rich and significantly developed field in the philosophy of science. This study draws 
upon comparisons with philosophy of experimentation in sciences with a histori-
cally contingent object of study, and lessons from these sciences regarding the the-
ory-evidence relationship, (philosophical) motives for field experimentation, and 
handling of normativity.

Specifically I track the evolution of experimentation in ecology, evolutionary biol-
ogy and the various social sciences, and shed light on sustainability experimentation 
from this perspective. The specific focus is on how the liberalization of experimental 
control is enacted through the aim of increasing the external validity of experiments 
and the problems this raises. Investigating taxonomies and systematizations coming 
from SS and discussing their theoretical motives, I connect the observed low gener-
alizability and transferability of results of sustainability experimentation with undis-
closed roles of values, both in driving the participants’ behavior, and in framing the 
research problem and results of the experiments. We connect this problem with dis-
cussion on the role of values in science (revolving the argument of inductive risk in 
hypothesis testing) (Douglas, 2000) and highlight the specific form this discussion 
takes in SS. By identifying implicit normative assumptions driving the experiments 
and drawing attention to the problem of values, I argue for increased transparency of 
normative assumptions and orientations underlying the research as a means to delin-
eate the evidence-sharing classes in SS and thereby making the transferability prob-
lem manageable. From there the paper turns to consider the role of societal learning 
in and from experiments, including the sharing and use of knowledge, suggesting 
how research approaches might increase the potential for transferring evidence. I 
conclude with a discussion of new ways to move forward in the research on experi-
ments, arguing that in depth study and classification of normativity can facilitate the 
advantages coming from the closer model-world relation in real-world sustainability 
experiments and increase the external validity and transferability of the results.

Engaging in these topics, this research is one of the first philosophical accounts 
of sustainability experimentation and it will contribute to the further development of 
evidence-based SS, in the framework of philosophical contributions to SS (Nagatsu 
et al., 2020), through a better understanding how evidence is produced in SS, how 
it travels, and what the barriers for a more relevant and usable knowledge are. From 
the perspective of philosophy, this paper enriches the philosophy of science litera-
ture by adding to the philosophical knowledge on the specific sciences, namely SS. 
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This would contribute to Arthur Fine’s project of specification of philosophy of sci-
ence that he outlined for the field some thirty years ago (Kitcher, 2019).

2  Methodology

Our starting position is a theoretically messy and underdeveloped situation in the 
philosophy of sustainability experimentation, relative to accounts of experimenta-
tion in other scientific fields. This study connects three literatures: the philosophy 
of experimentation in life and social sciences as a part of general philosophy of sci-
ence; the review and meta-review literature from SS on experimentation for sustain-
ability solutions (e.g. Luederitz et  al., 2016; Sengers et  al., 2019; Caniglia et  al., 
2017; Weiland et al., 2017; Kivimaa et al., 2017a, b; Heiligenberg et al., 2017); and 
the literature on normativity and the role of values in science from the philosophy of 
science, coupled with the literature on context dependency and ethical values in the 
social and sustainability sciences.

Section (2) provides an overview of how experimentation has evolved in biology 
and the social sciences, track the gradual liberalization of experimental control lead-
ing to SS, and discuss the role of this liberalization in increasing the external valid-
ity of experiments in these fields. Section (3) introduces sustainability experimenta-
tion, discuss its taxonomies, their motives and limitations, and theoretical grounds 
for pluralism of experimental modes characteristic for the field. Section (4), based 
on the philosophy of social sciences and the literature on values in science, discusses 
a key barrier for transferability and generalizability of results in SS (namely, norma-
tivity inherent in SS) and explore options for ordering the field (through explicating 
normative orientations of experiments) and increasing evidence traveling. The con-
cluding Sect. (5) summarizes the main argument.

3  Evolution of experimentation _ deviations from the classical 
account

Since Ian Hacking’s seminal Representing and Intervening (1983) much of the phil-
osophical work that has been done on experimentation has restricted itself to the 
physical sciences and to a lesser extent cell biology, focusing on theory-testing in 
controlled experimental settings. A main interest of this section is in thinking about 
the slow deviation of experimentation in the life and social sciences from this clas-
sical account,3 particularly regarding control of experimental conditions, and sub-
sequently, the extent to which this evolution of experimentation sets the stage for 
understanding and philosophically unraveling sustainability experimentation. Nev-
ertheless, I hope to elucidate some significant underlying differences between the 
physical, life, and social sciences in terms of the role of experiments in these fields. 

3 In the description of the classical account my aim has not been to give an all-encompassing account, 
but for the sake of brevity, to focus on characteristics philosophically relevant to the discussion of SS. 
For more details on the classical account see (Radder, 2003).
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In summary, this section will argue how experimentation in these different fields has 
evolved organically towards experimentation in SS and how their philosophies con-
tribute to understanding it. However, as we will see in the next section, philosophies 
of experimentation in these fields fall short of capturing unique distinguishing char-
acteristics of sustainability experimentation.

3.1  Field experiments in ecology and evolutionary biology

In some natural but at the same time historical sciences (see Cleland, 2001), namely 
ecology and evolutionary biology, characteristics of experiments have already 
started to deviate from the classical account (Wilson, 2009). The main philosophical 
differences stem from the fact that many of the experiments in ecology and evo-
lutionary biology are done in the field, rather than in the laboratory. In the former 
case, the natural environment constitutes a relatively extensive part of the experi-
mental setting and is not under the experimenter’s direct control (e.g., the acidity of 
water in a natural lake). Field experimentation introduces the gradient of manipula-
tion of experimental conditions and experimental ecologists accordingly distinguish 
between laboratory, field, and natural experiments (i.e., naturally occurring pertur-
bations in the target system – with no control over the conditions) (Diamond, 1986). 
Starting the 1950s and culminating in the 1960s, community ecology field experi-
ments had a profound influence on many other scientific fields and gave support to a 
methodological trend in favor of field experimentation (Grodwohl et al., 2018).

Field experiments have both advantages and disadvantages when compared 
to laboratory and natural experiments. The change in the experimental setting, no 
longer being artificially isolated in the laboratory but now embedded into the natu-
ral environment, is primarily made with the motive of strengthening the connection 
between the experimenter’s model and the targeted natural system, thereby enhanc-
ing the external validity (i.e. generalizability) of experimental findings (Gerber & 
Green, 2011). Here, the distance between the experimental system and the natural 
system is diminished (almost by definition), facilitating how experimental results 
pertain to actual systems in nature (Wilson, 2009). Compared to natural experi-
ments, field experiments introduce the randomization of key variables, crucial for 
causal inference and enhancing external validity in fields in which units of observa-
tion (e.g., individuals, groups, institutions, states) need to be randomly assigned to 
treatment and control groups.

However, not all field experiments necessarily exhibit stronger external validity, 
since such validity depends on (uncontrollable) background factors and contexts 
(Dipboye & Flanagan, 1979). In other words, due to their context dependency (as 
real-world settings differ dramatically), it may be difficult (or even impossible) to 
generalize the results of field experiments to systems other than those that are being 
directly studied (Grodwohl et al., 2018) – a problem which will become particularly 
salient in sustainability experiments, due to their contextual and normative complex-
ities (see §4). As a consequence, there is often a trade-off between internal and exter-
nal validity, and both are rarely captured in a single experiment – making replication 
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crucial, together with some combination of laboratory, natural and field studies, to 
obtain stable, repeatable and generalizable results in the field (an approach later 
taken in social psychology, economics and other social science fields).

Studying experimentation in evolutionary biology, and following the above 
developments in ecology (Diamond, 1986), Robert Brandon (1996) distinguishes 
two dimensions along which experiments vary:

1. manipulation of experimental conditions; and
2. hypothesis testing,

creating a classification of studies in evolutionary biology that can also be 
applied to experiments in other disciplines, including SS. The degree of manipu-
lation involved (1) reflects the increasing prominence of field experimentation and 
related relaxation of experimental control from the ideal of classical experimenta-
tion. The hypothesis testing dimension (2), embodying differences in the role and 
development of the background theory, oscillates from experimenting with the aim 
of testing a hypothesis or theory on one hand, to measuring a parameter or simply 
describing some important aspect of nature on the other (e.g. exploratory experi-
mentation (Stojanovic, 2013)). These two dimensions create a six-fold classification 
of experiments,4 with many intermediate forms in between. (This classification will 
serve as the basis for classifying experiments in SS in §3).

The important philosophical idea behind this classification is that highly-manip-
ulative hypothesis testing (traditionally associated with laboratory experiments in 
the physical sciences) should not be considered ‘the most experimental’ form which 
should constitute the basis of any experimental science – an ideal that was ubiqui-
tously present in traditional physics-based accounts of science and often mixed with 
the idea of ‘mature science’. Instead, the reasons for the appropriateness of a par-
ticular type are markedly different across the sciences and topics, and many forms 
of experiments may be appropriate, depending on the different scientific purposes 
and contexts in which experimentation takes place. For example, although non-
hypothesis-driven experimentation is present even in physics due to the importance 
of measuring physical properties (particularly constant physical values), the appro-
priateness of this type in other sciences may vary. For example, the high value of 
non-hypothesis testing experiments in biology is related to the object of this science 
being uniquely distributed in time and the peculiar role of general theory (i.e., dif-
ficulties in deriving phenomenological models from the abstract framework of the 
Darwinian evolutionary theory, and high dependency (relatively to physics) on con-
textual factors).5 Much of this reasoning transfers to other sciences studying histori-
cal phenomena, notably social structures and social psychological constructs (e.g. 

4 Types of manipulation (laboratory; field; natural) across different aims (hypothesis testing; measure-
ment/exploratory experimentation).
5 Although, as Cartwright (1999) demonstrates, even theoretical physics is dominated by the high auton-
omy of phenomenological models and semi-empirical methods in their construction – case in point are 
quantum atomic nucleus models.
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sociology, social psychology, but also SS), contributing to greater autonomy of 
experimental models in these sciences and liberalization of the methodologies and 
types of experiment.

3.2  Social experimentation

In the latter part of the twentieth century, following the trend instigated by commu-
nity ecology experiments, many social sciences started moving experiments from 
the laboratory to the real world (Thye, 2014). Field experimentation first became 
the norm in psychology (Mandler, 2007), and later among sociologists (Hausman & 
Wise, 1985) and economists (Levitt & List, 2008), primarily based on the concerns 
about generalizability of experimental results (Benz & Meier, 2006).

Experiments in the social sciences that feature this drive towards more realistic 
models (by reducing control and increasing inclusion of environmental or contex-
tual factors) are often performed in ways that participants in a field experiment are 
unaware that the events they experience are an experiment, or they know there is an 
experiment but they do not know what is being tested or possess false information 
regarding it. Philosophically important characteristic of these forms of experimenta-
tion is extension of experimental risks into the wider society (Krohn & Weyer, 1994; 
also, Latour, 2011), including unexpected or undesirable outcomes which previously 
remained within the controllable conditions of the laboratory (Guggenheim, 2012; 
Weiland et al., 2017). Accordingly, as scholars from science and technology studies 
have argued for decades, “ideas of ‘laboratory’ and ‘experiment’ have ventured out-
side of their natural science confines and invaded society at large (Krohn & Weyer, 
1994), thus blurring the strict lines between the privileged scientific knowledge and 
the pragmatic knowledge of everyday life (Karvonen & Van Heur, 2014).

As the usual aim of field researchers is to learn how to modify behavior (solution-
orientedness) that has proven to be recalcitrant in the past (e.g. poor school perfor-
mance, drug abuse, unemployment, or unhealthy lifestyles) as opposed to testing a 
theoretical proposition about unidimensional causes and effects, the social sciences 
introduce a characteristic normative dimension to experimental research, prescrib-
ing a desirable state of the target system and directing the intervention. Normativity 
of the research approaches in the social sciences puts specific limits on the transfer 
of evidence as various schools adhere to often incommensurable research assump-
tions, thereby fragmenting the discipline (Graeber, 2001) and proliferating modes of 
experimentation. (I will focus on the fragmentation problem in §4.) 

This section draws attention to the evolution of experimentation across the 
sciences, commonly underrepresented in the philosophical literature, and at 
the same time prepared the theoretical ground for understanding sustainabil-
ity experimentation. In the next section, we will see how the peculiarities of 
the scientific object and of the research approach play out in SS (including the 
state of background theory). In SS, a high degree of manipulation of experi-
mental conditions (as in biology and the social sciences), is often undesira-
ble and inappropriate for answering interesting and important questions from 
the real world. Also in SS, a general theory is characteristically missing due 
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to the inter-disciplinary and trans-disciplinary aspirations of the field. Instead, 
SS puts forwards a specific solution-oriented approach, and further liberal-
izes experimental control focusing on case-specific real-world experimenta-
tion, encountering a specific continuation of the above problems for evidence 
traveling.

4  Experimentation in sustainability science

4.1  Conceptual and theoretical underpinnings of sustainability experimentation

In sustainability science, researchers examine human-natural interactions and 
dynamics which are characterized by complexity and uncertainty (Clark, 2007; 
Mitchell, 2009; Nowotny, 2015; Abson et  al.,  2016) and openly embrace a sys-
tem perspective on the multiple and interacting social, economic, cultural and 
ecological factors that lead to the emergence of sustainability problems (Kates 
et al., 2001; Wiek et al., 2012). Although many SS experiments remain very close 
to the classical approach, many are carried out in real-world settings (Schapke 
et  al.,  2018), often situated in specific social, cultural, and geographical con-
texts (Karvonen & van Heur, 2014). These contexts include the participation of 
social actors in the experimental design and governance engaged around the aim 
to develop alternative socio-ecological-technological visions and opportunities 
(Schot & Geels,  2008; Sengers et  al., 2019). Real-world sustainability experi-
ments are heavily and explicitly engaged in value detection and co-creation, 
involving diverse scientific and social actors in the process of knowledge produc-
tion (Lang et al., 2012). The focus is on social learning and empowerment as cen-
tral goals of scientific work in this field (Kincaid et al., 2007; Lang et al., 2012) 
(although proximate drivers such as stakeholder pressures and funding constraints 
may have the upper hand in many cases). In these aims, inter- and trans-discipli-
nary research is employed with the double objectives of: 1) exploring the com-
plex interactions and limitations of socio-ecological systems, and, building on 
that, 2) informing and inciting sustainability transformations (Grin et  al.,  2010; 
Wiek et al., 2012).

Sustainability transformations is a term intended to refer to long-term, multi-
dimensional and fundamental processes of change through which established 
socio-technical systems shift to more sustainable modes of production, con-
sumption, and social order and systems of values (Rotmans et al., 2001; Shove & 
Walker, 2010). Sustainability-oriented experimentation is seen as a main instiga-
tor and driver of these transformation processes and the literature on sustainabil-
ity experiments has been growing rapidly in recent years (e.g. Jalas et al., 2017; 
Luederitz et al., 2016; Sengers et al., 2019; Weiland et al., 2017). Sustainability 
experiments range from testing specific technological or organizational solutions 
(e.g., testing new standards in a specific sector), to producing evidence on large-
scale societal transitions: like alternative economic organizational structures in 
eco-industrial parks, or alternative patterns of consumption and mobility in cites 
(e.g., Grin et al., 2010; Laakso et al., 2017). However, despite the broad emphasis 



1 3

European Journal for Philosophy of Science (2021) 11:83 Page 9 of 22 83

on real-world contexts and far-reaching impacts, examples are typically carried 
out in micro contexts (i.e., local, group or even individual contexts).

When speaking about the roles played by experiments in producing evidence in 
SS, it is important to note the heterogeneous status of background theory. Due to 
the multi-disciplinary (MD) approach, the background theory used in sustainabil-
ity experimentation is relatively fragmented, consisting of a range of disciplinary 
elements and there are fundamental difficulties when constructing models piece-
meal in the course of MD collaborations (MacLeod & Nagatsu, 2018). In light 
of these peculiarities regarding the complex, context-dependent and value laden 
object of research and background theory heterogeneous status and constricted 
role, traditional accounts of experimentation cannot always capture the way sus-
tainability experiments produce evidence. Although important similarities and 
overlaps exist with experimentation in other branches of science, the types most 
distinctive in SS, notably sustainability transformation experiments, are mark-
edly left without an explanation of experiment-evidence connection and without a 
proper understanding of the limits of generalizability or transferability of the evi-
dence produced (Adler et al., 2018). Additionally, because traditional accounts of 
experimentation are founded on an ideal of objectivity that sees scientific knowl-
edge as universal, value-free, and independent of contexts (Kincaid et  al., 2007; 
Mitchell, 2009; Nowotny, 2015), sustainability experimentation needs its own 
unique philosophical account. It requires development of an alternative value- and 
practice-based framework to navigate intricate scientific pathways of the current 
stage of SS.

4.2  Changes in the central dimensions of experimentation and taxonomy 
of sustainability experiments

Weiland et al. (2017) identified the key departures in sustainability experimentation 
from the traditional accounts of experimentation: 1) the aim of knowledge produc-
tion, 2) the roles of experimenters and participants, and 3) the unpredictability of 
outcomes. Both (2) and (3) are essentially connected with the complex context-
dependent object of SS and correlated with experimentation in the social sciences. 
The roles of experimenters and participants in SS (2) expand to include participa-
tory observation techniques (in which experimenters are part of the social setting 
under study), and stakeholder co-creation of experimental design and governance 
(where diverse social actors are active experiment designers and governors). As a 
result, participation of different stakeholders in sustainability research is accord-
ingly problematized, creating a need to clarify the roles scientists and society play 
in sustainability experimentation (including how research conflicts are resolved) 
(Jalas et al., 2017; Krohn & Weyer, 1994). As sustainability transformations experi-
ments are ecological field experiments on human societies, the unpredictability of 
outcomes (3) is now transferred from controlled laboratory environments to society 
at large, including the exposure of society to foreseen and unforeseen, and positive 
and negative outcomes (Guggenheim, 2012; Weiland et  al.,  2017). However, this 
destabilization of standard cognitive procedures can be viewed as options for new 
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knowledge production and societal learning (Luederitz et al., 2016). In other words, 
focus on limiting unpredictability is deliberately traded off in favor of exploring 
societal options (particularly in experiments aiming for production of transformation 
knowledge).

The aim of experimental research in SS (1) can be broken down to the following 
knowledge objectives: (1.a) production of evidence on the causal links and dynam-
ics of socio-ecological systems (system knowledge); (1.b) understanding what a 
system should be like (i.e., knowledge about desirable sustainability targets) (target 
knowledge) (Brown, 1997; Guggenheim, 2012); and evidence on how to transform 
the system (i.e., testing opportunities for change of technological or social trajec-
tories) (transformation knowledge) (ProClim, 1997; Grunwald, 2004; Weiland 
et al., 2017). Understanding causal links and dynamics of phenomena (production 
of system knowledge (1.a)) is part and parcel of classical experimentation from its 
inception in the natural sciences. Evidence about desirable state of the system under 
study (target knowledge (1.b)), as well as evidence about mechanisms for trans-
forming the system to the desirable state (transformation knowledge (1.c)), were 
introduced with the advent of social experimentation (Brown, 1997), but remained 
largely in the background due to positivistic ambitions in disciplines such as medi-
cine, psychology, sociology, or economics. With the advent of SS in the last few 
decades, value laden, normative political goals regarding improving the situation 
inadvertently became impossible to shun completely. However, explicit discussion 
of normativity6 in sustainability experiments, including value judgments they pre-
suppose (in particular related to what characterizes ‘sustainability’ or ‘sustainable 
development’) is still mostly missing from the literature (Schneider et al., 2019).

Based on the shared value-ladenness of target and transformation knowledge, it is 
possible to describe the aims of experimental research (1) in different terms. Caniglia 
et al. (2017) identify non-epistemic normative goals of sustainability experimentation 
as a single dimension (conflating target-oriented and transformation-oriented experi-
mentation), as both are related to actionable knowledge. Rephrasing the terminology 
somewhat, experimental aims (1) are theoretically separated on production of evi-
dence about causal system knowledge regarding sustainability problems (i.e. complex 
interactions of natural and social systems) and about the effectiveness of solutions 
– actionable knowledge. The latter includes sustainability targets that actors should 
be striving for, and the process of achieving the change of social and technological 
trajectories) (Miller et al., 2014; Clark et al., 2016, Caniglia et al., 2017). However, 
the system and actionable knowledge are rarely clearly distinguished in sustainability 
research (Wiek et al., 2012).

Resembling the dimensions of hypothesis testing and of manipulation of 
experimental conditions introduced by ecologists and evolutionary biologists a 
few decades earlier (Brandon, 1996; Diamond, 1986) (see Sect.  2.1), Caniglia 

6 Following Schneider et al. (2019), we use the term ‘normative’ as an umbrella term for all issues con-
cerning values, understood as reference points for evaluating things as good or bad. Values are “con-
ceptions of desirable”, influencing the choices people make between different possible courses of action 
(Graeber, 2001) and are rationally and emotionally binding sources of orientation and motivation. It may 
be important to note that there is no comprehensive theory of value across the sciences (Graeber, 2001).
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et al. (2017) make a sixfold taxonomy of sustainability experimentation (types of 
control across types of knowledge aims – see Table 1 for the amended taxonomy) 
– analogous to Brandon’s taxonomy of experiments in biology discussed in 2.1, 
but according to experimental aims instead of an hypothesis testing dimension.

The degree of manipulation varies across types of knowledge and aims of experi-
ments, decreasing characteristically in the production of normative and actionable 
knowledge. Although some types of experiment happen both in relatively highly-
controlled and participatory settings (e.g. living labs), controllability of sustainabil-
ity transformation experiments is generally held to be quite low due to the need to 
share experiment design and governing capacities with the relevant stakeholders and 
include their values and assumptions. Drawing on Brandon’s taxonomy described 
in Sect.  2.1, we can observe how the ‘hypothesis-testing’ dimension turned into 
‘aims of evidence production’, due to the decreased role of general theory in SS and 
its unique focus on actionable, solution-oriented knowledge (Miller et  al.,  2014), 
including rich sustainability-specific normative contexts. Experimental aims in SS 
are therefore bound up with the peculiar state and role of theory in SS – i.e., lack of 
theoretical models and employment of inter- and trans-disciplinary methodologies 
and models.

4.3  Purposes of sustainability experiments

Next to declaring that normative knowledge (i.e., evidence on different sustainabil-
ity ideals and how different agents prioritize them in a specific context) is essen-
tial for sustainability experimentation, few studies have examined this problem 
in depth. However, outputs, outcomes, functions and purposes of sustainability 
experiments have recently become a focus of research. For example, Kivimaa et al. 
(2017a, b) problematized actual goals and functions of experiments by distinguish-
ing the various purposes experiments may have (e.g. niche creation, market crea-
tion, societal problem solving, etc.). According to these authors, analyzing outputs 
and outcomes in relation to the purpose, actual goals and wider objectives of the 
experiment are important determinants in the classification of experiments, and are 
critical for sound ex-post evaluation of evidence. Laakso et al. (2017) developed this 
line of thinking further by classifying experiments according to four functions they 
can serve in sustainability transformations: testing, influencing, multiplying influ-
ence, and eventually, promoting systemic change. Both studies point out that since 
experiments are such a major explanatory concept, sustainability scholars must be 
much more specific about their nature, characteristics and, particularly, the purposes 
they are used for and their expected outcomes (Kivimaa et  al., 2017a, b;  Laakso 
et al., 2017).

Following the same reasoning, Sengers et  al. (2019) focuses on normative ori-
entation of experiments, understood as the changes the experiments aim at (e.g., 
transition experiments, niche experiments, grassroots experiments, etc.). But are the 
experimenters’ options for normative orientation limited to these broad types? Or 
are there different normative visions and value assumptions cutting across the gen-
eral types of attempted societal change? Are the normative orientations belonging to 
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the same type (e.g., niche experiments) always comparable? And does belonging to 
the same type enable transferability of experimental results?

What is strikingly missing from the above literature is a discussion of research 
value assumptions, which might influence how the research problem is framed, as 
well as what counts as a solution. For example, while the goal of niche experiments 
is to help achieve global environmental sustainability by creating or strengthen-
ing green technological niches, this can be approached with a variety of research-
assumptions and criteria, including researchers’ norms influencing which factors 
should be included and which should not, or what the indicators and thresholds of 
sustainability are. Therefore, the standards and norms against which experiments 
are (or should be) evaluated remain obscure, and with them the barriers to external 
validity.

The overlapping taxonomies discussed in this section illustrate how different fea-
tures could be used to identify and classify sustainability experiments. Next to the 
above discussed dimensions, the key features one might take include the concep-
tual underpinnings of different experiments (Sengers et al., 2019), the methods and 
instruments used (e.g. from quantitative to qualitative); the types of interventions 
and knowledge aims (Caniglia et  al.,  2017); the outputs, functions and purposes 
(Kivimaa et al., 2017a, b; Laakso et al., 2017); roles in the governance of sustain-
ability (Bulkeley and Cast an Broto, 2013); the types of experimental context and 
setting (Karvonen & van Heur, 2014; Schapke et al., 2018); or types of researchers’ 
enrollment (as observers or variously engaged participants) (Weiland et al., 2017). 
To acknowledge this pluralism of perspectives, it is important both to understand 
any taxonomy as essentially being vague and open-ended, and to perceive the sug-
gested types of experimentation as simply illustrations, categorized according to 
specific analytical purposes.

Building on the above theoretical perspectives, the next section will focus on the 
normative orientation of experiments, as particularly relevant for understanding and 
optimizing evidence traveling. What I will argue below is that experiments in the 
same category of functions or purposes of experimentation can nevertheless have 
a different normative orientation in the sense of essentially different sustainability 
visions, epistemic and ethical assumptions, the sustainability values tested and pro-
moted, and therefore experimental standards of success, which may prevent their 
comparison and sharing of the results.

5  Discussion: normativity and complexities of evidence traveling 
in sustainability science

The main questions I am interested in in this section concern: 1) structural rela-
tionships between experiments and the evidence they produce; and 2) what the 
prospects for enhancing transferability and generalizability of the results are (i.e. 
evidence traveling). To tackle this topic, it is important to have in mind that evi-
dence is a highly contested notion in SS, as well as in science in general (Doug-
las, 2000; Kincaid et  al.,  2007), due to the pervasive roles of values in research. 
This is commonly known in philosophy in the form of argument on inductive risk 
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in hypothesis testing (claiming that ethical values affect the choice of methodology 
and acceptance of hypothesis). Although it has some limitations (e.g. Bidle, 2016), 
the argument is particularly important in the philosophy of SS because of the inher-
ently normative character of the field emphasized by its solution-oriented approach 
(Miller et al., 2014). Because part of the experimental context in SS is determined 
by intricate normative sustainability visions (i.e., value-laden target and transforma-
tion knowledge), experimental results may depend heavily on the normative con-
text shared by the experimenters (their implicit and explicit value assumptions).7 A 
part of this normative context may consist of tacit knowledge of the experiment-
ers or symbolic knowledge of the participants and it is strongly tied to the habits 
and norms of social (including scientific) groups (Asheim et al., 2007). This may be 
particularly difficult to identify, understand and relate to other experiments. Due to 
these normative complexities, as in the other social science fields, when evaluating 
experiments in SS one faces the need to have a deeper interpretative understanding 
of the experimental context, adding a layer of complexity to transferability issues.

Sustainability-specific value issues place important limitations on the transfer-
ability and generalizability of results in SS. First, a sufficiently clear understanding 
of the context and some level of consensus regarding it is required from experiment 
evaluators (requiring close study of the values and principles at play, which are often 
vague and implicit). As researchers’ values affect the problem and solution framing 
(Douglas, 2000), the output of experimentation depends on normative assumptions 
underlying the research. Second, transfer of evidence is justified (externally valid) 
only across cases with sufficiently similar normative contexts, specifically the par-
ticipants’ values regarding sustainability targets and transformation pathways.8 To 
illustrate the idea of’sufficiently similar normative contexts ‘, compare, for exam-
ple, experiments for sustainable food systems aimed at increasing the efficiency 
of the current system (e.g. sustainable intensification) relative to those aiming for 
fundamental re-design of the system (e.g. agro-ecology) (Clapp, 2018). The highly 
contested debate between these two food system approaches is a radical example 
of diverging scientific approaches resulting from mutually incompatible systems of 
research value assumptions (Stojanovic, 2020). Although both target sustainabil-
ity in the agri-food sector, evidence resulting from one approach is usually irrel-
evant or regarded as neither internally nor externally valid from the perspective of 
the other approach (even for experiments having the same function or purpose, e.g. 
niche experiments), because the basic normative assumptions are considered (theo-
retically or practically) irrelevant or inadequate for sustainability as envisioned from 
each approach. Stark differences in these two approaches to sustainable food sys-
tems are arguably typical for the broadest approaches to sustainability (although the 

7 For an exhaustive list of other important contextual factors relevant for sustainability experiments, next 
to normativity, see Heiligenberg et al. (2017).
8 The argument in this paper is focused on target and transformation knowledge, characteristic of sus-
tainability transformation experiments. However, the argument from inductive risk (Douglas,  2000) 
undermines also the causal, system knowledge. As the latter argument is part of a general discussion on 
values in science (see Kincaid et al., 2007) which is above the scope of this paper, we focus this section 
on evidence traveling in solution-oriented experiments.
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problem pertains even to technical experiments (Bilali, 2019)). For example, con-
sider radically different sets of values behind the sustainable development agenda 
(UN,  2015) on one hand, and on the other, degrowth or ecological economics 
approaches (Bonnedahl & Heikkurinen, 2018). My suggestion is that this correlation 
in the details of normative orientation matters for evidence production and trave-
ling (despite the shared adherence to general sustainability). As the food systems 
example illustrates, the relevance and transfer of experimental evidence increases 
when studies share their value assumptions. This is an under-researched topic in the 
philosophy of scientific experimentation, but interestingly, we can observe similar 
phenomena in many practitioner-led experiments, like urban food sustainability or 
low-carbon community initiatives, in which the entire (sub)fields are based on com-
munity experiments and pilot projects sharing the same (and relatively specific) nor-
mative assumptions, goals and visions (e.g. Chance et al., 2018).

In a recent literature review on sustainability, Moore et al. (2017) found that 185 
of the 209 articles reviewed (88.5%) did not include a definition of ‘sustainability’ 
in their research, not even a general one. In practice, and often implicitly, a gen-
eral definition of sustainability (usually the one provided by the Brundtland Report 
(Brundtland, 1987)) is ordinarily conflated with aiming to increase the efficiency of 
the social or technological activity – which many argue is actually a contradictory 
understanding of sustainability. (For a recent forceful defense of this position, see 
Bonnedahl & Heikkurinen, 2018; also Schapke & Rauschmayer, 2014). In any case, 
much more nuanced and explicit understanding of intricate value commitments of 
SS are necessary, particularly in the context of the UN Agenda 2030 (UN, 2015)
(Schneider et al., 2019).

Focusing on the normativity inherent in sustainability transformation experi-
ments, the same problem prevails because the main transformation theories (tran-
sition management and reflexive governance) do not explicitly address the norma-
tive dimension of sustainability transformations (Weiland et  al.,  2017). Although 
both theories take a functionalist perspective in the sense of studying options ‘that 
work’ in the promotion of change towards sustainability, the target of the transfor-
mation typically remains vague and general, and it is somehow expected that more 
sustainable options automatically emerge from experimentation. As Weiland et al. 
noted: “The question, however, is how to ensure that the transformation is going 
in the ‘right’ direction.“ (2017). The key for this, as I argued, is to challenge ide-
alistic, objectivistic ideas on experimentation as the production of facts (Kincaid 
et al., 2007), and systematically address the values underlying the research.

On the research-framing side, although sustainability cannot be translated into 
a completely defined end state, some deliberation on the assumptions and sharing 
them is necessary (basic structural similarity of the normative dimensions), if exper-
iments are going to belong to the same evidence sharing class, instead of assuming 
that different resulting normative orientations will always be comparable in terms 
of evidence traveling. However, as participants are often experiment designers and 
governors (see §3.2), researchers must explicitly identify both their own value-laden 
assumptions and participants’ values, and then investigate how these values interact 
with production of facts (cf. Potthast, 2015). In other words, to produce the desired 
type of evidence, research has to consider basic normative issues (many of them 
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already part and parcel of the social sciences) such as ‘evidence of what (which nor-
mative system)?’ and ‘evidence for what (which normative purpose)?’. In SS this 
particularly becomes, ‘what system we want to sustain’ and ‘for which and whose 
purpose?’ (Piso, 2016). In current experimental research practice, many of these 
questions are tackled only at a general level, with detailed discussions of implicit 
research commitments avoided due to positivistic biases (the ideal of value free sci-
ence), or for reasons of unclarity in the UN’s Agenda 2030, stakeholder inclusive-
ness and other ethical or political worries (Schneider et al., 2019).

Because the existing taxonomies (§3) omit both the contextual ties of experi-
ments (notably value preferences of the experimental subjects) and value assump-
tions of the researchers, they do not adequately capture the normative dimension 
of sustainability experiments, thereby obscuring the barriers for transferability of 
results. As both are connected to interpretative contextual information, some have 
argued that bringing the natural and social sciences together is a necessary precondi-
tion for the success of SS (Kates et al., 2001; Jerneck et al., 2011). This applies to 
general methodological differences, such as those between the goals of interpreta-
tion guiding some social sciences and the goals of explanation and prediction guid-
ing natural science. Without taking normative issues seriously (traditionally tack-
led with interpretative methodologies), it is hard to pinpoint which class of objects 
experimental results pertain to – what explains the observed low transfer of evidence 
in SS (Adler et al., 2018). To facilitate this deliberation, we first need more studies 
mapping the sustainability values at play, both in society (Plieninger et  al.,  2013) 
and in sustainability-research (Stojanovic, 2020). Only then we can identify the key 
values (cf. Horcea-Milcu et al., 2019) and how they change in the course of research 
and assess the normative landscape of SS and its potential for evidence traveling.

An additional suggestion to grasping the transferability problem, particularly in 
sustainability transition experiments, is improving the performance of experiments 
through societal learning frameworks (Luederitz et  al.,  2016). Considering that 
many sustainability experiments strive to provide learning opportunities (for both 
subsequent experiments and for stakeholders and participants), there is a growing 
realization in the experimental literature of the crucial importance of societal learn-
ing from multiple experiments (McFadgen & Huitema, 2018; Luederitz et al., 2016). 
Here it is important to broaden the collection of relevant data and include at least 
some core social values in this analysis, considering, for example, altruistic motives 
(Schapke & Rauschmayer, 2014) or social norms for cooperation (Davis et al., 2018) 
in behavioral models for sustainability transitions as one of the factors relevant for 
enhancing societal learning. Another variable that social learning frameworks must 
include is acknowledgment of different kinds of knowledge, such as indigenous and 
local knowledge (Tengö et al., 2017), which may contain important insights for clas-
sifying relevant scientific evidence (implying also more attention to multi-genera-
tional sustainability-related natural experiments). Currently, as we still lack exten-
sive mapping of sustainability-related normative social mechanisms, particularly 
regarding value creation and value change processes, we need a more integrated sys-
tem-level perspective (Ison and Straw, 2020) for the analysis to go forward. Despite 
some early analyses spawned recently in the context of value co-creation literature, 
as a scientific community, SS is just beginning to grasp the shape of this crucial 
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topic and potential of sustainability experimentation for robust and usable evidence 
generation.

In summary, although the available categorizations of experiments are useful for 
capturing the current diversity of sustainability experimentation and also for con-
trasting it with classical experimentation, interpretative contextual analysis (notably 
of the normative dimension) is required to have a systematic understanding of evi-
dence production and traveling in SS. The plethora of purposes and sustainability 
assumptions and goals present in sustainability research stand in a need of a deeper 
systemic analysis to overcome research limitations coming from the vague com-
mitments to generalized sustainability. Currently, even reducing greenhouse gas 
emissions is ordinarily approached in a non-comprehensive way and the mixing of 
‘reducing overall emissions from an activity’ with ‘increasing the efficiency of a 
specific process’ abounds in the SS literature. This conceptual mess regarding what 
I call normative mismatch among different experiments at least partially explains 
the lack of transferability of results. This is an under-researched topic, and my sug-
gestion would be to look in more detail at how current evidence traveling among the 
studies creates clustering in the sustainability research along the lines of normative 
orientation. Based on what we can already observe in studies about sustainable food 
systems, development economics, etc., I find that normative alignment and evidence 
sharing are correlated in SS and drive the field in a cluster-like direction, forming 
subfields for evidence sharing (and methodologically alienating the approaches 
– dynamics which may eventually endanger the unity of SS as a field).

6  Concluding remarks

The aim of the present study was to contribute to a deeper understanding of sustain-
ability experimentation in the context of the philosophy of experimentation. First, 
it was investigated how key features of sustainability experimentation evolved from 
different experimental fields, notably biology and the social sciences, and which 
were the main driving forces of this development from a philosophical perspec-
tive. Then main taxonomies of sustainability experimentation were studied, their 
motives and drawbacks, with particularl focus on the normativity ingrained in sus-
tainability experimentation, how it was covered in the available early attempts to 
systematize this young field, and what can be done for further conceptual ordering 
of the assumptions, outcomes and purposes of experimentation. Finally, I tried to 
bring more depth into the discussion on the normative orientation of experiments 
and to explain the observed limited traveling of results – two topics that are mostly 
neglected in the sustainability experimentation literature.

Sustainability experimentation is a novel scientific field, and this paper is one of 
the early attempts at understanding it better from a philosophy of science perspec-
tive. In the paper I argued how the general philosophy of experimentation, together 
with the philosophies of biology and of the social sciences provide the basic frame-
work for understanding sustainability experimentation. The philosophy of biology 
provides the basis for the taxonomy of sustainability experimentation and expla-
nation of the attempts to strengthen the relationship between experimental models 
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and the world. The philosophy of the social sciences introduces the analysis of nor-
mativity, context dependency and necessity of interpretative methodologies in the 
complex meaning- and history-laden object of research. Finally, the general phi-
losophy of experimentation delineates motives for liberalizing experimental control 
and theoretically grounds the pluralism of the experimental modes characteristic 
of SS. The analysis was built on these three groups of insights and has integrated 
them into a comprehensive philosophical picture of sustainability experimentation, 
orbiting the pluralistic, normative concept of participatory, real-world sustainability 
experiments.

However, the problem of evidence traveling in SS persists as deeply problematic. 
I argued that although normativity remains a central problem, some clarity regard-
ing normative barriers and enablers of experimentation can be established with a 
functionalist approach to sustainability experimentation. The focus here was on the 
normative orientation of experiments, and how it facilitates transferability across 
classes of experiments with similarly-defined orientations – epistemic and ethical 
value assumptions, and purposes of experiments. I claimed that for a more detailed 
identification of normative orientation of the experiments, more mapping is needed 
regarding existing values in both science (particularly implicit research assumptions) 
and in society (research participants). Also, more studies are needed on how values 
change in the course of experimentation. Engaging in these topics, this research is 
one of the first philosophical accounts of sustainability experimentation, and it con-
tributes to the further development of an evidence-based SS through gaining a better 
understanding how evidence is produced in sustainability experiments, how it trav-
els, and what the barriers are to more relevant and usable knowledge.
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