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Abstract

The current transition towards low-carbon energy systems does not only involve changes in technologies but is
also shaped by changes in the rules and regulations (i.e., the institutions) that govern energy systems. Institutional
change can be influenced by changes in core values—normative principles such as affordability, security of supply,
and sustainability. Analyzing this influence, however, has been hindered by the absence of a structured framework
that highlights the role of values in institutional change processes. This paper presents an interdisciplinary
framework explicating how values influence institutional change in the case of the energy transition. We build on a
dynamic framework for institutional change that combines the Institutional Analysis and Development (IAD)
framework with the concept of social learning. This basic analytical framework is expanded by conceptualizations of
values in moral philosophy, institutional economics, and social psychology. Our framework offers researchers and
policy makers an analytical tool to identify how values are embedded in infrastructure and existing regulation and
how values shape communities and behavior. It explains how value controversies can trigger social learning
processes that eventually can result in structural change. Thus, this framework allows analyzing institutional change
over time as well as comparing change patterns across spatial and temporal contexts.
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Background
Energy systems are currently undergoing profound transi-
tion processes towards low-carbon systems. This transi-
tion does not only include changes to energy technologies
or infrastructures. It is also shaped by changes in the insti-
tutions (the “rules of the game”, e.g., legislation and regu-
lation) that govern energy systems. Most aspects of
generation, distribution, and consumption of energy are
subject to regulation [1, 2]. The Institutional Analysis and
Development (IAD) framework developed by Elinor
Ostrom and her colleagues [3, 4] is widely used by social
scientists and policy analysts to understand institutions in
various sectors, including energy systems [1, 5–7]. A dy-
namic version of the original IAD framework is used in
this paper to capture institutional change [8]. However,

this framework is limited in recognizing important drivers
of institutional change: values and value changes.
Changes in core values can induce institutional change

and changes in (energy) policies [9, 10]. For example,
the value change from focusing on market efficiency to-
wards affordability, security of supply, and sustainability
in the European Union’s energy policy led to legislation
regarding renewable energy [11, 12]. Analyses of institu-
tional change should account for this influence, but so
far, a structured framework that highlights the role of
values in institutional development is absent. This gap is
all the more striking as the term “values” is mentioned
by the core scholars who have developed and are work-
ing with the IAD framework. For example, scholars
stress the importance that institutions “fit the values of
those involved” [13, p. 16] and that shared values in a
community will influence institutional development [14].
However, these accounts of values are limited to men-
tioning values in context with institutional change.
Questions remain as to how “values” are defined, how to
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evaluate to what extent institutions are in line with
values, how to elicit values of “those involved,” or why
and how shared values influence institutional develop-
ment. Hence, structured approaches that go beyond
mentioning and acknowledging that values might influ-
ence institutional change are still missing in IAD
literature.
It is the aim of this paper to extend the dynamic IAD

framework such that it can be used to analyze the role of
values in institutional change. The resulting framework
makes explicit how values are embedded in the material
environment such as infrastructures, how they are embed-
ded in existing institutions, how to elicit values shared by
a community, how values influence behavior, and finally
how they influence institutional change. To illustrate each
of these potential ways how values can influence the ele-
ments of institutional change, we draw from the current
transition to low-carbon energy systems as a case which
we deem especially useful to highlight how changes in
core values can induce policy changes. As already men-
tioned above, the value changes in EU energy policy from
market efficiency to affordability, security of supply, and
ecological sustainability during the first two decades of the
twenty-first century led to changes in legislation, such as a
greater interconnection of Europe’s electricity networks,
promotion of the use of energy from renewable sources,
and many more [11, 12].
In order to extend the dynamic IAD framework by a

value perspective, we take an interdisciplinary approach
and review insights on values from moral philosophy, in-
stitutional economics, and social psychology. Since there
is no unanimously agreed upon conceptualization of
“values” in academic literature [15], we consciously take
a broad approach and investigate how conceptions of
values from different disciplines can complement the
dynamic IAD framework. Thereby, the aim is not to
develop a unified conceptualization of values. Rather, we
will show how the disciplines with their different epis-
temological foundations can complement each other and
each provide their own specific contribution to our
framework. To the best of our knowledge, our paper is
the first to analytically distinguish the different concep-
tions of “values” in these three disciplines and also com-
bine those perspectives to highlight ways how values
might influence institutional change.
In the next section, we start by introducing the basic

analytical framework for institutional change: the dynamic
IAD framework in which the original framework is
expanded by social learning. Subsequently, the current
value gap in IAD research is presented in further detail
and we explain how this paper can contribute to fill this
gap. In the subsequent section, we outline conceptualiza-
tions of values from the perspective of different academic
fields. The discussion section synthesizes these theoretical

perspectives and presents an analysis of the different roles
of values for the single elements of the dynamic IAD
framework. In order to illustrate the new framework, ex-
amples from the realm of the energy transition are chosen
suitable for each element of the dynamic IAD framework.

A dynamic framework for institutional change
The Institutional Analysis and Development (IAD)
framework
The IAD framework, developed by Elinor Ostrom and her
colleagues, is a framework that allows analyzing policy in-
terventions and understanding how institutions develop
[13] (Fig. 1). The framework identifies and describes im-
portant elements in decision-making situations within the
policy process (so-called action situations) and how these
are influenced by exogenous variables, such as the physical
environment or laws and regulations [13]. The benefit of
the IAD framework that makes it of special interest for
this paper is its flexible applicability independent from the
context of a specific sector. Rather than providing solu-
tions, the framework raises important questions that help
understanding the study problem and what potential solu-
tions could be [16]. Therefore, it has been used in a variety
of sectors, such as forestry, water management, fisheries,
transportation systems, and others [4]. At the beginning of
the framework development in the 1970s and 1980s, it has
been applied to public administration and metropolitan
organization, for example through empirical studies on
police service in metropolitan areas [4, 17, 18]. More re-
cently, the framework has increasingly been used in en-
ergy systems research. For example, Koster and Anderies
[7] apply the IAD framework to compare the transition to
renewable energy systems in four countries which were
part of the top renewable energy users in 2012: Brazil,
Spain, China, and the USA. They identify eight institu-
tional drivers that contribute to the implementation of re-
newable energy, out of which the commitment of
governments to set standards and provide financial incen-
tives is found as the most important. Lammers and Helde-
weg [1] use the IAD framework in an exploratory case
study of local smart grid development. They enrich the
IAD framework with institutional legal theory and show
how the resulting framework can be used both for analytic
description and prescriptive design of local smart grid
systems. Another application of the IAD framework in
context with the transition to renewable energy systems is
the work by Shah and Niles [5] on Caribbean energy pol-
icy. The authors use the framework to analyze strengths
and weaknesses of existing institutions and identify critical
intervention points to reinforce or build institutions that
promote a “clean energy transition.” Additionally, Iychet-
tira et al. [19] apply the IAD framework to understand the
design and impact of governmental support schemes for
renewable energy sources for electricity (RES-E). By
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distinguishing action situations at the level of government
and energy producers, they use the IAD framework as
basis for a simulation how support schemes for RES-E
(developed by governments) impact investment in RES-E
(by energy producers). This allows an understanding how
specific support schemes (e.g., the German Premium Tar-
iff or the British Contract for Differences schemes) con-
tribute to renewable electricity targets [19].
The application of the IAD framework to a variety of

topics as described above stems from the recognition
that the framework offers a generic approach in analyz-
ing public policies by diagnosing key elements of policy
processes. It helps investigating important actors and
their characteristics, rules that apply as well as the bio-
physical and socio-economic setting of a policy process
[16]. As Heikkila and Andersson [16, p. 318] state: “…
the IAD framework can provide a set of diagnostic ques-
tions for parsing out the key features of an institutional
context that may affect policy outcomes.” This struc-
tured way of analysis is very useful in tackling problems
in highly complex systems, such as energy systems.
Therefore, the IAD framework serves as the basic con-
ceptual framework in this paper.
Within the IAD framework, institutions are defined as

political, social, and legal “rules of the game” that
incentivize (enable or restrict) actor behavior in situa-
tions which require coordination among two or more in-
dividuals or groups [4]. With this focus on institutions
as rules, Elinor Ostrom’s view on institutions is based on
Douglass North, who defined them as the “humanly de-
vised constraints that structure political, economic and
social interaction” [20]. The definition differs from the
common notion to understand the term institutions as a
synonym for organizations. Institutions can be formal or
informal: formal institutions are laws and regulations,

such as prescriptions how and how much tax is added to
energy prices; informal institutions, for example, in com-
munication prescribe in many cultures that a speaker is
listened to and not interrupted. For our case of the en-
ergy transition in this paper, we will focus on the formal
rules that govern the energy system. Formal rules are of
special relevance because the energy system is one of the
critical infrastructures which constitute an important
issue of national governance, sovereignty, and security.
The following paragraphs give an overview of the sin-

gle elements of the IAD framework1. Broadly, the frame-
work distinguishes exogenous variables, the action arena,
interactions, evaluative criteria, and the outcome (Fig. 1).
The element of action situations captures important or
decisive events within a policy field (e.g., energy policy).
Action situations are thus used in order to analyze
human behavior within the institutional context [13].
“Action situations are the social spaces where individuals
interact, exchange goods and services, solve problems,
dominate one another, or fight […]” [13, p. 11]. Thus,
any analysis using the IAD framework starts by the iden-
tification of an action situation. The decision on what
can be described as an action situation and what level of
aggregation is best suited depends on the specific case
study [22]. Using the IAD framework for an analysis of
energy systems in this paper, the decarbonization of na-
tional energy systems constitutes the main problem that
is addressed in various action situations, such as policy
and innovation processes across vertical scales.

Fig. 1 Institutional Analysis and Development (IAD) Framework. Source: Ostrom [3]

1The discussion section provides more detailed information about the
IAD elements in order to combine them with different
conceptualizations of values. Furthermore, readers might refer to [3, 4,
13, 14, 21] for detailed descriptions of the framework.
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Participants of an action situation are human actors,
who can be both individuals and organizations, such as
governmental and non-governmental bodies or firms
[13]. This means that actors become participants when
they take part in an action situation. They are influenced
by biophysical/material conditions, attributes of the
community, as well as rules. The biophysical/material
conditions are the physical environment in which an ac-
tion situation is located. Attributes of the community
describe the socio-economic characteristics of the com-
munity that forms the social environment of the action
situation. Rules denote the institutional environment of
an action situation, i.e., the formal laws and regulations
that enable or constrain behavior of participants [3]. The
outcome of an action situation as well as the process of
interaction is assessed by various evaluative criteria, de-
termined by the participants in action situations and
those observing these situations. These criteria, for ex-
ample, can be questions about sustainability, distribu-
tional equity, or conformance to other values [13].

The IAD framework combined with social learning
The main idea behind the IAD framework is breaking
institutional development down to subsets consisting of
various action situations [14]. Nevertheless, in terms of
institutional change processes, the IAD framework
reaches its limits. By focusing on separate action situa-
tions, institutional change cannot sufficiently be cap-
tured [16]. Even if the framework already includes
feedback loops (see dotted lines in Fig. 1), thereby hint-
ing that the evaluation of outcomes can have an influ-
ence on following action situations or the prevailing
exogenous variables, it does not offer further explanation
of this process. For this reason, this paper uses the
dynamic version of the IAD framework as proposed by
Pahl-Wostl et al. [23] including the concept of social
learning. Like this, the IAD framework becomes
process-oriented [22].
Social learning is a prominent concept in environmen-

tal and sustainability science that states that individuals
learn and thereby increase the adaptive capacity of the
system through their participation in decision-making
[24, 25]. Therefore, it can also serve as a valuable con-
cept with regard to the transition towards low-carbon
energy systems. However, many definitions of social
learning exist so far [26–29]. In this paper, the definition
of Reed et al. [24] is applied who state that “social learn-
ing may be defined as a change in understanding that
goes beyond the individual to become situated within
wider social units […] through social interactions be-
tween actors within social networks.” Hence, the concept
of social learning is characterized by three qualities.
Firstly, it comes with an alteration in understanding of
those involved in the management of socio-technical

systems. This can relate to attitudes, norms, or beliefs,
i.e., mental models [26, 30]. Thereby, ideas, experiences,
and knowledge are shared among participants [25]. This
transforms into a higher awareness for related issues and
can eventually lead to appropriate action [28]. An out-
come, for example, could be more sustainable patterns
of behavior [24]. Secondly, this change of understanding
needs to exceed the individual level and influence a
wider social context. It is assumed that the complexities
and uncertainties that come with regard to the manage-
ment of natural resources require learning processes that
go beyond the individual [27]. Like this, also social units,
such as organizations, are able to learn as well, even if,
in principle, only individuals possess the ability to learn,
not do organizations per se [24]. Thirdly, social learning
takes place through interaction within social networks
[25]. These networks are embedded in and constraint by
the technical, social, and institutional setting [26]. One
way of interaction that can stimulate social learning are
participatory processes [24, 30, 31].
Generally, social learning can have three levels of im-

pact. It can occur in the form of single-, double-, or
triple-loop learning [32, 33]. Whereas single-loop learn-
ing is defined by an incremental adjustment of existing
processes or goals, double-loop learning occurs when
important principles underlying these processes are
changed [34]. Double-loop learning causes changes in
actor constellations and power structures [26]. Triple-
loop learning requires changes in fundamental structures
and norms [26]. The different levels of social learning
are of special importance to the case of the energy tran-
sition since they describe if changes are rather superficial
or have deeper impacts, such as structural changes.
Originally, the concept of double-loop learning stems

from management theory and was mainly developed by
Argyris and Schön [35]. Keen et al. [32] extended this
concept by triple-loop learning which additionally alters
the existing exogenous environment such as rules-in-
use and biophysical/material conditions. Since the
transaction costs resulting from institutional change
can be very high, institutions and processes tend to be
path-dependent. Therefore, political systems often only
slowly adapt to altering environmental, political, and
economic contexts [8, 36]. Against this background, the
three levels of single-, double-, and triple-loop learning
often occur iteratively [8]. However, in order to pro-
foundly change the way we generate, distribute, and
consume energy, triple-loop learning seems to be ne-
cessary. Only by changing the exogenous variables,
such as infrastructures, patterns of behavior, and insti-
tutions, current energy systems can adapt to the chal-
lenges of a low-carbon future.
Figure 2 illustrates how these levels of learning can be

incorporated in the IAD framework. By using this
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definition of social learning, interrelations between subse-
quent action situations and impacts of prior action situa-
tions on changes in exogenous variables can be analyzed
in greater detail than in the original IAD framework [22].
Table 1 summarizes the definitions of the elements of the
framework and the different levels of learning.

A value gap in IAD literature
In its capacity to (a) analyze institutional change and (b)
provide generic guidance what structural variables are
present in processes of institutional development, the
dynamic IAD framework forms a suitable basis for our
aim of explicating how values influence institutional
change processes. Structured approaches to analyze this
influence, however, are so far missing, even though the
term “values” is mentioned quite frequently by the
scholars who have developed and are working with the
IAD framework. Ostrom herself stressed the importance
of an evaluation how institutions “fit the values of those
involved” in their development [13, p. 16]. McGinnis
[14] mentions that the development of institutions will
be influenced by the degree to which members of a com-
munity developing an institution share the same core
values. Others acknowledge that human behavior cannot
be fully understood when only focusing on material self-
interest as a driver, but that values influence human be-
havior and thus also the development of institutions [37,
38]. A first effort to go beyond merely acknowledging
and mentioning values has recently been undertaken by
Prior [39] in the context of the removal of pollutants
from contaminated soil, sediment, and water. Using
Schwartz’ value framework [40, 41], Prior [39] finds that
different stakeholders are motivated by different values
to comply with existing institutions. For example, local

governments are motivated by universalist values (con-
cern for welfare and equity) while providers of services
to remove the pollutants are motivated by achievement
and power values (power and success). However, this is
still limited in its focus on individuals’ values, compli-
ance with existing institutions, and conceptualization of
values from one academic discipline, namely social
psychology.

Multi-disciplinary conceptualizations of “values”
In light of the value gap in the IAD literature identified in
the previous section, there is a need to define and
conceptualize “values” before we can build our framework.
In general, values can be defined as fundamental norma-
tive guiding principles to which changes in a society
should adhere and which are considered to be intersub-
jectively shared [42]. Beyond such a general definition,
however, the concept has been used differently across aca-
demic disciplines, and debates are often characterized by
conceptual struggles and vagueness [15, 43, 44].
Therefore, this section sets out to investigate possible

literature perspectives that can be useful to integrate
values into the dynamic IAD framework. Starting from
first efforts of integrating values in the IAD framework
by Prior [39], we observed in the previous section that
he makes use of an account of values used in social
psychology. We also draw from institutional economics
as the original discipline in which the IAD framework
was developed and in which recent work addresses the
relation between values and institutions. Additionally,
we review the notion of values in moral philosophy,
which has probably the longest tradition of reflecting on
values. We will show that these conceptualizations of
values can enhance the dynamic IAD framework in a

Fig. 2 IAD framework extended by social learning (original IAD elements in black font/lines, social learning processes in red font and italics).
Source: adapted by authors based on Ostrom [3]
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complementary way and contribute to a more encom-
passing understanding how values might influence insti-
tutional change. The three perspectives are outlined
below. Combined with the dynamic IAD framework,
they will be used in the discussion section to explicate
the role of values for institutional change.

Values in moral philosophy
In moral philosophy, values are criteria to make state-
ments about the ethical goodness of options for action.
They are normative human principles worth striving for.
Central questions include for example: “How should I
live my life?” or “What is the right thing to do in this
situation?” [45, p. 12]. Values are considered to be inter-
subjectively shared, that means different individuals can
relate to a value and generally hold it important [46, 47].
In ethics of technology, values are analogously used to
make statements about ethical and social consequences
of technologies. Typical values relevant for energy
systems, just to state a few, are affordability of energy,
security of supply, health, environmental sustainability,
and justice [48]. Central questions include “What types
of values do technological artifacts have or contribute
to? How are value considerations inherent to design
choices?” [46, p. 973]. This highlights that values are
seen as identifiable entities that are embedded in
technologies.
Evaluating technologies in light of value embeddedness

is grounded in the understanding that they are not mere
neutral objects or instruments for humans in moral

decision-making [49]. Technologies are value-laden and
thus capable of endorsing or harming specific values
[50]. In his seminal article on the politics of artifacts,
Winner [50] gives the much-cited example of very low
overpasses over the only highway connecting New York
with Long Island Beach, thereby hindering public busses
(the main method of transportation for less well-off soci-
etal groups including racial minorities) to access the
beach. Although the truth of this example has been de-
bated, for example by Joerges [51], it is often used to il-
lustrate the moral importance of technological design in
the sense that technologies tend to represent certain
dominant values while failing to embed others [52, 53].
Assigning moral significance to technology does not

mean that technology in itself has agency and humans
have no responsibility. As Verbeek [49] argues, technol-
ogy mediates human perceptions on the basis of which
moral decisions are made. To explain technological
mediation, Verbeek [49] points out how picturing an un-
born baby through ultrasound enables to discover ill-
nesses and constitutes parents as decision-makers over
the life of the unborn.
Making technological mediation explicit and recogniz-

ing that moral decisions are based on a deep connection
between humans and technologies allows designing
technologies consciously with specific values in mind.
Furthermore, it allows recognizing the importance of the
use context: technologies are multistable, meaning that
they can be interpreted and used in various ways, includ-
ing for purposes that were not intended by designers
[54]. The social context of the use or users of

Table 1 Definitions of the elements of the IAD framework extended by social learning

Framework element Definition Source

Biophysical/Material
Conditions

Physical environment influencing possible actions taken in action situations, e.g., existing infrastructure McGinnis [14]

Attributes of
Community

Socio-economic characteristics of the participants’ community Ostrom et al. [21]

Rules Institutions, e.g., formal laws and regulations that enable and constrain behavior of participants Ostrom [3]

Action Situation Social space of interaction, in which participants decide on their individual actions given the
information they have about how those actions lead to outcomes and the costs and benefits
associated with those actions and outcomes

McGinnis [14]

Participants Individual actors or actor groups, e.g., governmental and non-governmental bodies or firms Ostrom [13]

Interactions Procedural aspects, i.e., interaction among participants in an action situation Ostrom et al. [21]

Outcomes Results of interactions, which may be institutions, knowledge, or operational outcomes such as
the implementation of new technologies

Pahl-Wostl et al. [23]

Evaluative Criteria Criteria that are used to assess interactions and outcomes, e.g., sustainability, distributional equity,
economic efficiency

Ostrom [13]

Feedback and learning
processes

Impact of actors’ evaluations of interaction patterns and outcomes on action situation and
exogenous variables

McGinnis [14]

Single loop learning Process leading to an incremental adjustment of patterns of interactions within one policy process Diduck et al. [34]

Double loop learning Process leading to change of principles that underlie future action situations, e.g., procedural
aspects of decision-making

Diduck et al. [34]

Triple loop learning Process leading to changes in the existing exogenous variables Armitage et al. [26]
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technologies may thus give rise to new behavior and lead
to the emergence of new values and value changes [55,
56]. This opens the door for understanding ethics of
technology not as “protecting humans against technol-
ogy,” but as careful experimentation with technological
mediation in order to experience how values are embed-
ded in different technological designs [49].

Values in institutional economics
In institutional economics (IE), values are seen as influen-
cing the behavior of economic actors and as embedded in
institutions, such as laws and regulations. Although values
are usually not a central topic to institutional economists,
recent literature does provide conceptualizations and ad-
dresses the relation between values and institutions [10,
43, 57]. In general, IE emerged based on critiques of the
pure focus on perfect markets and full rationality in neo-
classical economics. It broadens economic analysis by
looking at institutions and trying to understand how they
influence human behavior and how they emerge [58]. De-
cisions are not solely dependent on utility maximization
and efficiency is not the ultimate objective to strive for.
Actions also depend on positive or negative impacts of
more divergent values which are seen as important in a
society [10]. As such, values are seen as normative guide-
lines and criteria for decision-making [43, 58]. Addition-
ally, values influence the design of formal institutions (e.g.,
the formal “rules of the game”) [59]. In the distinction be-
tween formal and informal institutions (see the “The Insti-
tutional Analysis and Development (IAD) framework”
section), values are seen as informal institutions, which set
the boundaries within which formal institutions are devel-
oped [57, 59]. Formal institutions are therefore not value-
free; they should endorse those specific values they have
been designed for. For example, laws and regulations are
designed to serve a certain purpose, e.g., the expansion of
renewable energies. Usually, specific values underlie this
purpose. In the case of renewable energies, protection of
nature would be one of these values. Additionally, other
values might be embedded in institutions unconsciously
by policy makers.

Values in social psychology
In social psychology, values are studied as personality
characteristics that influence human decision-making
and behavior [60]. Values are “(a) concepts or beliefs, (b)
about desirable end states or behaviors, (c) that tran-
scend specific situations, (d) guide selection or evalu-
ation of behavior and events, and (e) are ordered by
relative importance” [41, p. 551].
Extensive theoretical and empirical work on conceptu-

alizing and measuring values has been conducted based
on the seminal contributions of researchers like
Schwartz, Bilsky, and Rokeach (for reviews, see [44, 61]).

Schwartz [40, 41] is known for the development of the
most commonly used measurement of values, the so-
called Schwartz Value Survey. The survey consists of 56
items to measure individuals’ value priorities, grouped in
ten value orientations. These include, for example, self-
direction (e.g., freedom, independence, self-respect),
achievement (e.g., success, ambition, intelligence), power
(e.g., wealth, authority, public image), or universalism
(e.g., equality, wisdom, social justice) [40]. This approach
to measuring individuals’ values has recently been used
within the IAD literature by Prior [39] to study why in-
dividuals comply with existing institutions that regulate
the remediation of contaminated environments. Prior
[39] found that local governments are influenced by uni-
versalist values while remediation providers are influ-
enced by achievement values. Besides the Schwartz
Value Survey, there are of course several other influen-
tial surveys measuring individuals’ value priorities and
value orientations. The details are out of scope for this
text, but for further reading, Cheng and Fleischmann
[61] give a good overview of different conceptualizations
and lists of values in an attempt to create a meta-
inventory of human values.

Discussion: adding a value perspective to the
dynamic IAD framework
A consideration of underlying values and their role for
institutional change requires an expansion of the dy-
namic IAD framework. We use the conceptualization of
values in different disciplines outlined above to illustrate
the role of values in the framework elements. The fol-
lowing paragraphs describe what role values play for the
single elements of the dynamic IAD framework and out-
line how they are related to different conceptualizations
of values. Our analytical approach comprises of three
steps (Fig. 3). Firstly, we define the constituting elements
of the dynamic IAD framework. Secondly, we highlight
the relevant conceptualization of values applicable to the
specific element, and thirdly, we combine the first two
steps in examples from the energy transition. The results
of our analysis are summarized in Fig. 4.

Participants
Since any transition process involves people taking ac-
tion, our analysis starts at the element of participants.
Participants can act as individuals or groups represent-
ing an entity. Ostrom defines participants as fallible
learners that not only can, but actually make mistakes
and have the ability to learn from these mistakes. If and
how an actor learns is thus dependent on the incentives
and possibilities provided by the institutional setting.
Generally speaking, action choices are always influenced
by the exogenous variables [13].
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Assuming that human behavior is driven by personal or
professional characteristics and attributes—depending on
the role the participant is acting in—the psychological
definition of values can deliver important implications for
behavior regarding energy systems. Values work as princi-
ples influencing or driving human behavior and are thus
specific characteristics of personality [40].
To exemplify that influence, we draw from a study by

van der Werff and Steg [62], who investigated the effects of

biospheric values (e.g., valuing unity with nature and envir-
onmental protection), egoistic values (e.g., valuing wealth
and social power), altruistic values (e.g., valuing social just-
ice and helpfulness), and hedonic values (e.g., valuing com-
fort and pleasure) on interest and participation in smart
energy systems. They found that people with strong bio-
spheric values were more interested in smart energy sys-
tems and more likely to participate in a proposed pilot
project because they were more aware of environmental
problems of fossil fuels, had stronger feelings that they
could contribute to solving those problems by participating
in smart energy systems, and felt a stronger moral obliga-
tion to solve those problems. Interest was more strongly
influenced by biospheric values than actual participation.
Participation was also influenced by egoistic and hedonic
values, suggesting that concerns about effort and money
negatively influenced the likelihood of people participating
in smart energy systems. Regarding the IAD framework
and institutional change, this implies that, depending on
the participants involved in an action situation, individuals’
values—referring to social psychology—can influence what
technologies are preferred by participants and how those
technologies are discussed in an action situation.

Fig. 3 Three-step analytical approach

Fig. 4 IAD framework extended by social learning, highlighting the role of values. Source: adapted by authors based on Ostrom [3]
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Evaluative criteria for outcomes and patterns of
interaction
The conceptualization of values in ethics of technology
and IE allows us to outline the role of values as evaluative
criteria for outcomes and patterns of interactions. Since
Ostrom does not offer an explanation of what outcomes
can look like, we apply the broader definition of Pahl-
Wostl et al. [23], who defined three types of possible out-
comes of action situations: institutions, knowledge, and
operational outcomes. The latter, for example, also cap-
tures the innovation of new technologies, which is of spe-
cial importance for energy systems.
In the context of new technologies, the definition of

values from ethics of technology offers important impli-
cations. Values can be used to define and design essen-
tial characteristics of technologies. This is grounded in
the understanding that technologies cannot be seen as
neutral objects but are value-laden [50, 63]. In the same
way, values can serve as design principles and character-
istics of institutions. This implication, however, mostly
derives from IE: values are influential for institutional
change and become embedded in institutions through
value judgments [64].
To assess the performance of a system, outcomes as

well as patterns of interactions are judged by specific
evaluative criteria. Ostrom names different types of these
criteria, e.g., economic efficiency, accountability, or fiscal
equivalence. In the case of the energy transition, sustain-
ability, or distributional equity are critical [13]. When
giving those examples for evaluative criteria, Ostrom [3]
does not explicitly call them “values,” but the examples
are in fact values as they are defined in moral philoso-
phy: goal-oriented assessment criteria and normative
principles that are worth striving for and that institu-
tional developments should adhere to [65].
Two examples highlight how values can serve as evalu-

ative criteria for outcomes and interaction patterns.
Firstly, if the focus of an action situation is to incentivize
investment in renewable energy technologies, the out-
come (i.e., the actual investment in renewables) can be
assessed using values as evaluative criteria. A hypothet-
ical region A with a high degree of small-scale solar
power might be compared with region B with a focus on
hydropower. Region A is likely to incorporate the values
“consumer empowerment” and “participation” in energy
generation to a higher degree, while this might come at
the expense of system reliability due to a higher degree
of intermittent supply. Region B is likely to focus on
values of emission-free, large-scale, relatively secure en-
ergy supply, while this might come at the expense of
local ecosystems near hydropower dams.
Secondly, and with regard to interaction patterns, the

degree to which a variety of stakeholder groups is inte-
grated in decision-making processes on the siting of

wind parks (i.e., the degree of procedural justice) might
impact the acceptance of the wind park by local commu-
nities [66]. This means that depending on where the ac-
tion situation is located, the selection of participants will
have an influence on the outcome. However, it will also
influence an assessment to what extent core values were
considered and, in the end, if certain technological or in-
stitutional changes are accepted or not.

Biophysical/material conditions
The biophysical/material conditions in the IAD frame-
work describe the physical environment in which an
action situation is located [3]. It includes the physical and
human resources needed to produce and provide goods
and services, such as capital, labor, technology, sources of
finance, and distribution channels [4]. The biophysical/
material conditions include the humanly devised tech-
nologies to generate, distribute, and consume energy.
Research in ethics of technology allows identifying

how values are linked to attributes of the biophysical
world. Values are embedded in the technologies to gen-
erate, distribute, and consume energy through the design
and use of these technologies. As values are seen as de-
sign goals, engineers create technologies with the aim to
incorporate specific values, such as health and safety or
security of supply [52]. Ethicists analyze the moral reper-
cussions of using certain technologies because technolo-
gies do not only fulfill the specific function they are
designed for but can have unintended side-effects [67].
To exemplify the relation between values and technolo-

gies, we look at the value implications of hydropower
dams: large hydropower dams are considered a low car-
bon energy source that can provide access to energy for
millions of people and are thus seen as affordable renew-
able energy. Targets to lower carbon emissions and in-
crease energy access have therefore led to a renaissance of
large hydropower developments particularly in Africa and
Asia [68]. Despite their importance for energy access, im-
portant moral repercussions include protection of the
river ecosystem and distributive justice, particularly with
respect to the effects on downstream water supply and the
fair distribution of water along the entire river basin.
Studying three large hydropower dams in Cambodia,
Malaysia, and Ghana, Siciliano and Urban [69] investigate
the dams’ impacts on local communities with respect to
procedural and distributive justice in the allocation of nat-
ural resources between competing users and land uses.
From a distributive perspective, their findings reveal that
beneficiaries of the dam are the dam builders, recipients
of electricity in urban areas, and national governments be-
cause of improved energy access statistics on a national
level. However, local communities were threatened in
their livelihoods because of adverse effects on forestry re-
sources, fisheries, and water supply. Procedurally, the
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limited consultation of local communities by dam builders
and national government agencies illustrate the unequal
power relations between those groups. The example high-
lights that energy technologies can implicate a range of
values, which should be taken into account in their design
and implementation.

Attributes of community
Attributes of the community are described in order to cap-
ture characteristics of the participants of the focal action
situation [4, 70]. Attributes that are important in affecting
action situations include values or behavior generally ac-
cepted in the community, the level of common understand-
ing about the structure of types of action situations, the
degree of homo-/heterogeneity in preferences, the size and
composition of the community, and the extent of inequality
of distribution of basic assets among those affected.
Even though values are mentioned in literature on the

IAD framework as part of the attributes of a community,
a definition and explanation is lacking. Insights from
moral philosophy are helpful to explain them in greater
detail: values are shared normative principles about what
is a good and right development in a given community
or society [46, 47]. The degree to which different values
are seen as important in a community will impact the
potential outcomes in an action situation and the actual
outcome that participants decide upon.
An example of such shared normative principles for en-

ergy policy that need to be considered in an institutional
analysis can be seen in the three focus objectives of the
European Union’s energy strategy and policy: security of
energy supply, affordability of energy for consumers, and
environmental sustainability [71]. It strives to “secure en-
ergy supplies to ensure the reliable provision of energy
whenever and wherever it is needed,” ensure “affordable
prices for homes, businesses, and industries,” and achieve
energy consumption that is “sustainable, through the low-
ering of greenhouse gas emissions, pollution, and fossil fuel
dependence” [71]. This was not always the case: until ap-
proximately halfway through the first decade of the
twenty-first century, European energy policy was domi-
nated by the goal to create efficient energy markets through
increased competition. However, as policy makers were in-
creasingly recognizing the threats associated with an-
thropogenic climate change and the need to decarbonize
the energy system, the reduction of carbon emissions by
moving away from the use of fossil fuels became an im-
portant goal for European policy making [10]. This shows
how changing normative values can affect and broaden
policy objectives considered in an action situation.

Rules
The most accepted and shared definition of institutions
focuses on institutions as “rules of the game” and

systems of rules which enable and constrain actor behav-
ior [3, 72] (see the “A dynamic framework for institu-
tional change” section). Rules in the IAD framework are
prescriptions which define whether actions are required,
prohibited, or permitted. Importantly, the focus lies on
rules-in-use which are rules that are known to the par-
ticipants in an action situation and thus have the cap-
acity to influence their behavior. They are differentiated
from rules-in-form, which are unknown to the partici-
pants in an action situation [13]. In an open and demo-
cratic society, the origin of rules can be very diverse
ranging from a group of individuals to decide on their
own rules for an action situation, families, and work-
places, to firms, local and regional governments, national
governments, and supra-national organizations [13]. In
short, rules in the IAD framework denote the exogenous
institutional environment of an action situation.
Values are influential for institutional change and seen

as entities that are embedded in institutions [10]. Be-
cause of this, the exogenous rules-in-use shaping an ac-
tion situation will embed the values they have been
previously designed for. In a similar way as values are
seen as embedded in technologies, rules are value-laden.
Essentially, institutional economists view a change of
rules as a change of value judgment by the community
involved in creating rules (i.e., a change of the degree to
which different values are seen as important and should
be used as guiding principles for designing a rule) [58].
The example of European energy policy mentioned in

the “Attributes of community” section can be extended
to illustrate how values become embedded in rules. Be-
cause of the shared understanding of the importance of
security of energy supply, affordability of energy for con-
sumers, and environmental sustainability, these three
values have become the most important objectives that
European energy policy is directed at. For example, as
the value of environmental sustainability was operation-
alized by European energy policy makers in terms of the
reduction of carbon dioxide emissions, it got embedded
in the design of a range of policies, such as the European
Emissions Trading Scheme, national support schemes
for wind and solar power generation, or rules for the en-
ergy performance of buildings [10, 12].

Social learning through value controversies
The concept of social learning explains how institutional
change occurs (see “The IAD framework combined with
social learning” section). Social learning is never value
free [26] and can be induced by value controversies [73].
Values can become apparent in controversies concerning
the formal policy process, as institutional change may
have different impacts on different groups of people and
therefore raise questions of redistribution of responsibil-
ities and risks. Defenders of the status quo may refer to
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different values than defenders of the proponents of
change. In the language of the dynamic IAD framework,
different evaluative criteria used by different participants
can trigger social learning processes.
Value controversies may become expressed in the form

of social interaction within governmental or non-
governmental actor networks, such as public debates [9].
They are closely connected to double- and triple-loop
learning, as they usually occur outside of the formal policy
development process: value controversies are expressed in
public debates, which can put pressure on existing formal
rules and thus trigger structural change. The types of
learning in which non-governmental participants, e.g.,
NGOs, associations, and trade unions, get involved, are re-
ferred to as double- and triple-loop learning [8]. Especially
in cases of major societal transformation processes like
the energy transition, non-governmental participants play
a vital role. They can provide governmental participants
with additional knowledge useful for assessing problems
and creating innovative solutions. Figure 4 summarizes all
extensions made to the original IAD framework including
the concept of value controversies.
Pesch et al. [9] give examples for value controversies

leading to double- and triple-loop learning in the Dutch
Energy system. In case of a planned shale gas extraction
in Boxtel, an already granted permit was revoked after
local citizens and companies mobilized national NGOs
and advocacy groups. A resulting national anti-shale gas
movement led not only to the withdrawal of the actual
exploration permit but also to a prohibition of new ex-
ploration permits pending further research studies that
explicitly include local concerns. Another example refers
to a planned carbon capture and storage facility in the
municipality of Barendrecht, where local resistance and
high media attention, followed by a change in govern-
ment led to the abandoning of the project. In both cases,
value controversies were based on safety concerns, dis-
trust between the local population and political and eco-
nomic actors, as well as on an inadequate participation
of the local population in formal permitting processes.
These two cases, in combination with an increasing
numbers of earthquakes near the country’s major gas
field in Groningen, eventually led to changes in the pre-
vailing national institutional setting, namely the Dutch
Mining Act. The controversies led to a decrease in pub-
lic confidence towards political and economic actors,
and to questioning the adequacy of the prevailing rules
provided by the Dutch Mining Act, particularly rules re-
garding citizen participation. These reservations were ac-
knowledged and articulated by various governmental
actors and in the end led to a profound adjustment of
the Mining Act regarding safety issues and the involve-
ment of local authorities [9]. The examples demonstrate
how social learning processes occur incrementally and

can reinforce each other culminating in changes of the
exogenous variables, which can be defined as triple-
loop-learning.

Conclusion
In this paper, we proposed a dynamic framework for
analyzing the role of values in institutional change. The
energy transition serves as a valid example showing that
changes in (energy) policies can be induced by changes
in core values. Thus, understanding how values become
incorporated in (energy) policies is an important chal-
lenge for the analysis of institutional change. Up to now,
such an analysis has been hindered by the absence of a
framework that highlights the role of values. Therefore,
we built on a dynamic IAD framework—a combination
of the original IAD framework and social learning—and
enhanced it by using conceptualizations and insights on
values from different academic disciplines: moral phil-
osophy, institutional economics, and social psychology.
In the resulting framework, the roles of values for differ-
ent IAD framework elements and feedback loops are ex-
plicitly highlighted.
The framework makes explicit how values influence

the behavior of participants in an action situation and
how they are used as evaluative criteria for patterns of
interaction and outcomes of an action situation. Values
are embedded in the biophysical/material conditions
such as infrastructures as well as in the rules creating
the institutional environment of an action situation. In
addition, they are shared principles of what is good and
right in a given community. We also showed how value
controversies can trigger institutional change by indu-
cing social learning. These learning processes can have
different levels of impact. In their most prominent form,
they can lead to changes in the exogenous variables with
respect to the creation of value-laden technologies and
institutions as well as community attributes. Since these
exogenous variables are thereby related to previous ac-
tion situations, the new framework helps connecting ac-
tion situations and explains when and how institutional
change occurs due to social learning [74].
While developing the framework, we showed that the

three perspectives on values are complementary: Each of
the disciplines offers their own distinctive conceptualization
of values that can be used to explain different aspects of in-
stitutional change. The psychological perspective—previ-
ously used in IAD literature [39]—directs attention at
individuals’ motivations by investigating how values and
value orientations influence human behavior. As such, this
perspective on values would be suitable to understand why
policy makers or other participants in an action situation
prefer certain institutions over others, for example depend-
ing on their biospheric, altruistic, and/or egoistic value ori-
entations. Philosophers of technology particularly direct
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attention to the embeddedness of values in technologies
and to values as normative criteria for comparing the de-
sign and performance of energy systems, making this per-
spective useful to understand the relation between values
and (technological) design. Recent literature in institutional
economics is inspired by ethics of technology and the idea
of value embeddedness, arguing that institutions can foster
or harm certain values and that they can be designed and
analyzed with respect to those values. It therefore contrib-
utes to the understanding of relations between values and
institutions.
Both researchers and policy makers can use our frame-

work to analyze institutional change. It can help to ex-
plain how different values become relevant triggered by
societal controversies and how this influences the
change of shared values and institutions. Apart from this
longitudinal perspective, our framework also allows
cross-sectional, comparative analysis of different energy
systems because values serve as evaluative criteria for
different system designs. It allows comparison of change
patterns across geographies and time spans such as
speed of transitions, enablers and barriers, or the open-
ness of formal learning processes. Both longitudinal and
cross-sectional analyses can serve as input for changes in
the design of energy systems in different temporal and
spatial contexts.
Future research and practical applications of the frame-

work could thus be done with respect to a specific case
study of institutional change in energy systems. When
doing so, we would advise to select a value perspective as
depicted in Fig. 4 that best fits the research focus. For ex-
ample, if the purpose of a study is to compare national en-
ergy regulation (e.g., subsidies for energy generation), one
might focus on the IAD framework element “rules” and
the values’ perspective in institutional economics. If inter-
ested in ethical reflections of technological design (e.g., of
wind turbines), the element “evaluative criteria” together
with value conceptions in philosophy are a suitable choice.
We acknowledge that a complete analysis of values in in-

stitutional change in the energy transition would necessitate
additional tools and research. Most importantly, such an
analysis needs to include an elicitation, conceptualization,
and operationalization of the relevant values, which are spe-
cific to the technological, institutional, temporal, and spatial
context. This might include the development of indicators
to measure the embeddedness of values in different energy
systems. In this paper, we provided the basic framework for
such research and concentrated on the conceptual founda-
tion that enables a value-based analysis of institutional
change in general and is open to include a variety of rele-
vant values.
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