RESEARCH ARTICLE

SPECIAL ISSUE: IMPACTS OF RWLS | RESEARCH

Speaking of success: Real-world experiments for
sustainability transformations and causal inference

Reports of successful sustainability-oriented real-world experiments can be categorized by the type of explanatory approaches employed,
namely, the variance approach, which looks for correlations, and the process approach, which draws causal inferences in a narrative way.
Their validity could benefit from a more critical reflection on the data and methods used.
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Abstract

This paper examines a sample of 20 sustainability-oriented real-world
experiment reports from 2006 to 2020, with the aim of uncovering the
logic and methods used to demonstrate their success, that means,

to show that they achieved their stated objectives. Following a
distinction often made in the social sciences, | look for features of
either the variance or the process approach to causal inference. | find
that reports of transition experiments, socio-technical experiments,
and community-based interventions display characteristic features

of the process approach. Reports of trials, pilots, and field experiments,
on the other hand, mostly use the variance approach to demonstrate
success. An important observation is the limited recognition of possible
biases related to the methods used or the data. | describe a number of
possible biases that may be of importance in the context of sustain-
ability-oriented real-world experiments. Important examples include
measurement errors and biases in participant selection.

Recognising the biases and correcting them where necessary can
strengthen the validity of the findings obtained and help other
researchers in designing their experiments.
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Why revisit real-world experiments?

In recent years, real-world experimentation in its diverse forms
has become popular among both researchers and practitioners
in search of new insights for sustainability transformations in
cities and regions (Ehnert 2023). A particular focus in the re-
search employing sustainability-oriented interventions has been
on how evidence-based actionable or transformational knowl-
edge can be produced (Caniglia et al. 2017). Without doubt, it is
important that the produced evidence about the causes of sus-
tainability problems as well as about the effectiveness of solu-
tions fulfil the criteria of scientific soundness and validity. Re-

lated to this, there have been repeated calls (Kivimaa et al. 2017,

Schipke et al. 2018, von Wirth and Levin-Keitel 2019, Williams

and Robinson 2020) for concepts and approaches to evaluate ex-

periments in terms of effectiveness in achieving sustainability-
related objectives. Similar debates about design features allow-
ing the comparison and evaluation of experiments have been
carried out earlier in other disciplines employing experiments
in a real-world setting, such as economics (Harrison and List

2004) or sociology (Cook and Campbell 1979).

In this paper, I aim at addressing one particular aspect, which
in my view currently remains understudied. Itis the issue of (the
possibility of) causal inference through real-world sustainability-
oriented experimentation, including challenges related to the
quest for distinguishing cause and effect in this context. This is
done by revisiting a number of cases that were previously cited
as examples of “successful” experiments. I also aim at connect-
ing the literature on sustainability-oriented experiments and the
literature on real-world experiments in other fields, which seem
to have low mutual recognition to date. In particular, this con-
cerns the practice of dealing with biases in the data and meth-
ods. The research questions addressed in this paper are:

B Which explanatory approaches can be identified in the
studies that describe sustainability-oriented real-world
experiments?

B Do the different types of experiments differ in terms of
explanatory approaches?

B How do the studied experiment reports address caveats in
the methods and the data?
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Background literature

Approaches to experiment evaluation

Several approaches have been suggested to define the suc-
cess of experiments in the context of sustainability science.
All these approaches agree in that an experiment always in-
cludes an intervention and produces empirical evidence that
can be used to judge about its success. Luederitz et al. (2017,
p. 64) present an evaluation scheme that “appraise[s] the ex-
tent to which a sustainability transition experiment gener-
ates desired effects, and how this was accomplished”. They
suggest focusing on the outputs and outcomes of an exper-
iment. The possible outputs are “built capacities, actionable
knowledge, accountability, structural changes”, and facilita-
tion in the “up-take of experiments” (p. 65). The possible out-
comes are “socio-ecological integrity, livelihood sufficiency
and opportunity, intra- and intergenerational equity, resource
maintenance and efficiency, socio-ecological stewardship and
democratic governance”, as well as “precaution and adapta-
tion” (p. 65). Kivimaa et al. (2017, p. 21) also focus on outputs
and outcomes, but define them separately for each of seven
types of change that the reviewed experiments generate:
changed discourse, policy and institutional change, changed
consumer or citizen practices, new technology, built envi-
ronment and infrastructure change, new business practices,
and new markets or market change.

Van den Heiligenberg et al. (2017) let their interviewees
define success in their experiment, but focus on a long-term
understanding of success in terms of whether the experi-
ment contributes to upscaling and a regime change. Canig-
lia et al. (2017, p. 41) focus on the evidence that experiments
generate about either the complex causal dynamics under-
pinning sustainability problems, or the effectiveness of test-
ed solutions for sustainability problems. The solutions, for
example, are produced in living labs, real-world labs, transi-

depth case study analysis, validation through triangulation

reflective evaluation, workshops, document analysis, in-
statements from key stakeholders, process description

interviews, focus-group discussions,
observation, interviews, questionnaires,
digital monitoring

concept discussion, process description
interviews with transition arena participants,
process description

process description
concept discussion

increased appreciation of urban water management,
report was published, crucial caring phase not started)

establishment of a formalized political association
creating and maintaining a community garden (interven-

tion [trees planting] did not yet happen at the time the
sustainability transitions (arena process not yet finalized)
precaution and adaptation, with green and blue infrastruc-
ture to be used to handle storm water (project not yet

national level beyond Region Basel provided, gas-fuelled
implemented)

collaboration success: perceived social gains, perceived
taxi project terminated)

transformative power, perceived learning effects
scalability of the project (no evidence of diffusion at the

strengthen the involvement of senior citizens in
social activities through digital tools
actionable knowledge, lessons for governance of urban

o
=
o — . . . .
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Types of causal inference

The calls to evaluate the success or effectiveness of experiments
in increasing sustainability (e. g., Williams and Robinson 2020)
are motivated by the need to know and be able to explain how
societies can be transformed, which interventions work, and
which do not. The quest to explain actual effects of a particular
phenomenon is what also constitutes the key objective of social
scientific research, the methods of which allow distinguishing
between competing claims (Sorrell 2018). Here, often a distinc-
tion is made between two approaches or theories to explaining
why certain things happen: the variance approach and the pro-
cess approach (Abell 2004, Geels 2011, Sorrell 2018).

In the variance approach, the conclusion that A influences B
is derived from an experimental or quasi-experimental setting
where A can be manipulated individually and different situations
can be compared. This ideal image is derived from the natural
sciences, and in general it cannot be achieved when studying
social phenomena. In practice, statistical methods are often ap-
plied to establish a correlation between the presumed explana-
tory variable (the cause) and the dependent variable (the effect)
(Morris 2005, Sorrell 2018).

In the process approach, the focus is on explaining a sequence
of events, where the causes are usually multiple and intertwined.
It is therefore not possible to control the causal variable(s) dur-
ing an intervention. Hypotheses about the suspected chain of
events that connect A and B are thus formulated and an expla-
nation of the events aims to show “beyond a reasonable doubt”
that different causes are accounted for, as either present or ab-
sent. This is often referred to as a narrative-type explanation.
Characteristic of such causal inference is the definition of crit-
ical events or distinctive markers that are connected to certain
causes and can help make statements about the process connect-
ing the events (Morris 2005, Sorrell 2018).

Nachhaltigkeit

A-
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Both approaches have their strengths and weaknesses, and
various scientific disciplines view them differently. In medicine,
for example, evidence from randomized and controlled trials
(variance approach) is strongly preferred to evidence from case
reports (process approach) (Caniglia et al. 2017). In sustainabil-
ity transitions literature, however, variance-based methods are
considered to have limited usefulness and narrative-type expla-
nations are preferred (Geels 2011). In this paper, I acknowledge
that both approaches have their empirical merits and my aim is
to identify the features of these approaches in the experiment
reports documenting how an intervention leads to “success”. My
expectation is that the process approach is used more frequent-
ly, due to the type of the literature I am looking at. I follow the
researchers that use the term “experiment” in a broad sense (An-
sell and Bartenberger 2016), which allows using it to describe
analysed interventions that apply both variance and process
theory.

Review of explanatory approaches in the
experiment reports

Review methodology

For the examination of experiment reports, I take a qualitative,
case-based approach (Lucas 1974) and aim at finding specific at-
tributes of either the process or the variance approach. As the lit-
erature on real-world sustainability-oriented experimentation is
very large, I limit the examination to the cases already cited as
examples of successful experiments in previous reviews. To keep
the task manageable, the sample of experiments under investi-
gation is defined by the large evaluation-focused reviews includ-
ed into the special issue Experimentation for climate change solu-
tions in the Journal of Cleaner Production (Hilden et al. 2017) as

W wie Wohnen

Seit Jahrzehnten sind Einfamilienhaussiedlungen der Lebenstraum vieler Men-
schen. Aber der hohe Energiebedarf und die erforderliche Mobilitat befeuern
Klimakrise und soziale Probleme. Ralf Aydt zeigt mit historischen und techni-
schen sowie soziologischen und psychologischen Aspekten, wie nachhaltiges
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well as by a more recent review on real-world laboratories eval-
uation by Kampfmann et al. (2023). In particular, I build upon
four cases explicitly cited as examples of “sustainability solutions”
in Caniglia et al. (2017), 14 “illustrative examples” for outputs (8)
and outcomes (6) of experiments cited by Luederitz et al. (2017),
and four sustainability-related evaluation studies from Kampf-
mann et al. (2023). Due to multiple references to the Rotterdam
community arena case, the total number of experiments re-
viewed is equal to 20. As this is not a systematic review, no sta-
tistical analysis is attempted.

Due to the way in which individual studies are cited in the
original reviews, the unit of analysis in this paper is the experi-
ment. In the studies that described several experiments, only the
experiments previously cited as a (successful) illustration of an
output, an outcome, or a solution are revisited. In the following,
I refer to the studies in the sample as experiment reports.

SPECIAL ISSUE: IMPACTS OF RWLS | RESEARCH m

the three living labs here would however be considered as be-
longing to a more narrow class of “trials”. Four experiments are
related to energy saving and two to farming practices. In all cas-
es, the effects of the intervention are measured in terms of quan-
titative indicators and analysed using statistical methods. This
forms the basis for the conclusions regarding the direct out-
comes of the experiments and the statements about experiment
success.

In ten experiment reports, the attributes of the process ap-
proach are identified (table 1, second section). This includes
three transition experiments, two socio-technical experiments,
one sustainability experiment, a living lab, a community engage-
ment experiment, an education program pilot, and a study of
strategic niche management. Most of them focus on some type
of social innovation. The explanations of the effects of the exper-
iments in these cases are of narrative-type, always involving the

Recognising and reflecting on such biases where appropriate, and adapting
procedures accordingly, may strengthen the validity of the evidence produced and
help other researchers in designing their experiments.

A qualitative content analysis of each experiment report was
performed to identify attributes of the process and the variance
approach in the description of the results of the experiments.
The attributes of the variance approach contain experiment de-
sign in terms of a control group and a treatment group, a large
sample for which the measurements were carried out, or the use
of statistical methods to isolate the effect of a causal variable. The
attributes of a process approach are the narrative-type explana-
tion of the effects based on process observation, critical events
that with little doubt can be ascribed to the intervention, or com-
parisons (in terms of some key indicators) to cases without an
intervention. The extraction of such attributes allows then to cat-
egorize each experiment report as illustrating the process ap-
proach, the variance approach, or none of the both in the case
when the report does not contain sufficient evidence.

Review results

The results of the review are documented in table 1 (pp. 90/91).
In terms of (self-stated) experiment typology, the reviewed cases
include living labs, transition experiments, community engage-
ment experiments, socio-technical experiments, pilot projects,
etc. (see table 1, second column), thus covering a rather broad
set of real-world experimental approaches. The definitions of suc-
cess (achievement of objectives) as well as the attributes of the
explanatory approach (process or variance) were extracted from
the full texts of the reports.

Six cases (three living labs, two pilot projects and one field
experiment) are classified as reporting their evidence in a man-
ner consistent with the variance approach (table 1, first section).
In terms of a more recent classification by Bulkeley et al. (2019),

GAIA 33/S1(2024): 87-93

description of the process and of certain critical or distinctive
events that could be attributed to the respective intervention. The
examples of such critical events include increased customer sat-
isfaction with a care service (Loorbach and Rotman 2010) or the
establishment of a formalized political association for water gov-
ernance (Bos and Brown 2012). In many cases, such process de-
scription is enhanced by evidence from interviews with partici-
pants or group discussions. Bos and Brown (2012) employ oral
histories, semi-structured interviews, group interviews, and sur-
veys to gather statements regarding the governance before and
after the experiment, the perceived outcomes, and the learning
process. Wiek and Kay (2015) employ continuous reflection and
peer evaluation in order to assess a solution-oriented sustain-
ability learning experiment. In the cases analysed by Wittmayer
and Schipke (2014) as well as the ones described by Hubeau et
al. (2017) reflective monitoring interviews are conducted and
evaluation meetings organised to discuss the outcomes of the
experiments.

Four experiment reports in the sample are allocated to nei-
ther process nor variance approach (table 1, third section), al-
though they include some characteristic features of the process
approach. The respective experiments had not yet been final-
ized at the time the reports were published. Thus, the evidence
on the achievement of experiment objectives can be viewed as
insufficient, despite their use as illustrative cases in Luederitz
et al. (2017).

The small size of the sample does not allow strong claims to
be made regarding the correspondence between experiment types
and chosen explanatory style. Nevertheless, the process approach
seems to dominate the sample, with the variance approach be-
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ing applied in several reports on (trial) living labs, field experi-
ments, and pilots. Characteristic of the latter is the focus on
technology (in contrast to governance or learning) in the con-
ducted experiments.

Dealing with caveats in the evaluation methods and the data

An important observation made while reviewing experiment re-
ports is the limited acknowledgement of and critical reflection
on possible limitations associated with the methods used or the
data collected. This is in stark contrast to the usual practice in
reporting the results of real-world experiments in other fields
(e.g., List and Price 2016), where a lot of attention is devoted to
discussing possible sources of error in the explanatory approach.

Hubeau et al. (2017) provide an example of a comprehensive
experiment evaluation procedure, and state that the participa-
tory evaluation approach was very time consuming. Regarding
quantitative methods, only Adkins et al. (2010) and Baedeker et
al. (2014) mention measurement errors. These are relevant in
experiment settings involving sensors or digital tools that are
used by the participants.

Only Plaisier et al. (2019) and Ceschin (2014) explicitly ac-
knowledge the limitations in their sampling methodology. The
process of selecting participants or evaluators in the experiments
is however very important. Much of the literature on sustainabil-
ity transformations emphasises the importance of “frontrun-
ners” or “pioneers of change”, the most active individuals from
different domains that try to advance transformation towards
sustainability in their working places or their neighbourhoods
(Loorbach and Rotmans 2010). The design of many experiments,
especially those involving transition arenas (e.g., Wittmayer and
Schipke 2014), purposefully addresses exactly such individuals
to participate in developing alternative pathways and visions for
the future. However, as Mock et al. (2019) report, the procedures
typically used to select such individuals, for example snowball
sampling, limit control over diversity or representativeness of
the sample. This can be called sample selection bias. This bias
restricts the possibility to generalize or transfer the results of the
experiment. It is thus relevant in the context of experiments
focusing on deepening, broadening, and upscaling strategies.
Gebhardt and Kénig (2021, p. 337), for example, advise against
“cherry picking” and suggest ways to broaden participation in
real-world laboratories.

It is important that authors of experiment reports think crit-
ically about the presence of these and other sources of bias and
take steps to correct them. This would strengthen the scientific
rigour of the evidence produced and help other researchers in
the design of their experiments.

Conclusions

This paper revisits a number of studies that were previously cit-
ed as examples of successful sustainability-oriented real-world
experiments with the aim of uncovering the logic and methods

Artem Korzhenevych

used to demonstrate experiment success. Based on a distinction
often made in the social sciences and employing qualitative con-
tent analysis, I look for attributes of either the variance or the
process approach to causal inference in the respective studies.
I find that reports on transition governance experiments, socio-
technical experiments, and community-based interventions dis-
play attributes of the process approach. Technology-focused tri-
als, pilots, and field experiments, in contrast, use quantitative
methods consistent with the variance approach. The process ap-
proach is employed more widely in the sample. Some studies do
not provide sufficient evidence for their success in achieving the
stated objectives.

An important observation in the reviewed cases is the limited
reflection on possible caveats connected to the employed meth-
ods or the data. I discuss several sources of biases that can be
of relevance in the context of sustainability-oriented real-world
experiments. Typical mistakes here are related to measurement
or participant selection. Recognising and reflecting on such bi-
ases where appropriate, and adapting procedures accordingly,
may strengthen the validity of the evidence produced and help
other researchers in designing their experiments.
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