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COMMENTARY
In their stimulating paper, Alrøe and Noe (2016) propose a
generalization of the complementarity principle from quantum
theory to sustainability assessment, defined as overall assessment
produced by “bringing together different perspectives that pertain
to sustainability.” A wealth of approaches and tools have been
developed in the last decades (Schader et al. 2014), but two key
issues remain: (1) the integration problem, i.e., the fact that
different tools produce different assessments (Schader et al. 2014);
and (2) the implementation problem, i.e., the barrier between
sustainability assessment and transformation (Triste et al. 2014).
Taken in the radical sense of Niels Bohr, the complementary
principle means that “two observations of an object, such as the
determination and momentum of an elementary particle, exclude
each other in such a way that prevents getting the full picture of
the object, so we are left with complementary phenomena that
cannot be combined” (Alrøe and Noe 2016). From their long
experience with assessments of food systems, Alrøe and Noe
(2016) have identified two relevant forms of complementarity:
. Observer stance complementarity corresponds to the
fundamental methodological form of complementarity, as
defined by quantum mechanics. In short, “the conditions
for defining the observed system as it is (without interaction)
precludes the conditions necessary for observing it (with
interactions).” Elaborating on this, Alrøe and Noe (2016)
distinguish two modes of science: detached (“describing the
world as it is and producing general knowledge”) and
involved (“focusing on enabling action and change in
concrete context”). These two modes of science correspond
notably to two sustainability assessment tools (complex and
expert-based vs. simpler and participatory; Marchand et al.
2014). Another form of observer stance complementarity
lies in the assessment position, whether it is “from without”
or “from within.” For example, in farm sustainability
assessment, Schader et al. (2014) distinguish a farm
perspective (from within) and a societal perspective (from
without). Taking it one step further, Alrøe and Noe (2016)
extend the “within-without” principle by considering
multiple actors in the food chain.
. In value complementarity, “the mutual exclusion of two
observations of the same object stems from different values
that determine what observations are relevant or desirable.”
The focus here is on the normative conditions of
observation. Alrøe and Noe (2016) give three examples of
value complementarity: naturalness vs. care to value animal
welfare, authentic vs. rich nature to value nature quality, and
1

three perspectives to value growth and sustainable
development (growth without borders, growth within limits,
and growth and ecological injustice).
Because of value complementarity, Alrøe and Noe (2016) claim,
the integration problem cannot be overcome, only better handled.
To do so, the authors point out the fundamental limits of
indexation (i.e., integrating different kinds of assessments,
typically into a number), and the need to distinguish between
complementarity and dilemmas. The complementarity principle
also provides an explanation for the implementation problem
because assessment and transformation are based on two
incompatible modes of science (detached and involved observer
stance). Therefore, according to the authors, “the implementation
problem cannot be resolved by developing still more advanced
and complex methods, if these approaches employ a detached
observer stance that is directed by the norms of science.”
In this comment, I propose another explanation of the
implementation problem, based on a dynamic view of
complementary issues and the concept of worldview. In their
paper, Alrøe and Noe (2016) suggest seeing value
complementarity “as a sort of path dependency: When one path
has been chosen out of two possible, the other path is no longer
available or possible.” In my understanding, they do not consider
(at least explicitly) the possibility that value complementarities
might shift at the scale of individuals during the transformation
process, and what the implications could be for sustainability
assessment. Consequently, they use the terms “transitions” and
“sustainability transformations” interchangeably. However,
according to Beddoe et al. (2009), in a comprehensive approach
of transformation, a “regime shift cannot occur without changing
worldviews, institutions and technologies together, as an
integrated system.” On this basis, some authors suggest making
a clear distinction between transitions and sustainability
transformations, the later of which implies a shift in worldview
(O’Brien and Sygna 2013). Further, O’Brien (2012) develops the
concept of deliberate transformations, which involves “the
intentional breaking down of specific resilience of the old system
([including value path dependencies]) and building resilience in
the new system.” In the next paragraphs, I first show that a given
worldview is associated with specific values and correlated
observer stance complementarities (by definition). Then, I argue
more precisely that different ideal-typical worldviews identified
in the literature are associated with Alrøe and Noe’s (2016) specific
examples of complementarity. I also give some literature
references developing the idea that sustainability transformations
require a shift in worldview. Finally, I develop the implications of
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a dynamic view of complementarity issues for sustainability
assessments and the implementation problem from my own
experience in farm sustainability assessment and transformations.
Worldview has been defined as “a structuring system of meaning,
informing how humans interpret and co-create reality” (Hedlundde Witt 2012). According to Hedlund-de Witt (2012), a worldview
can be described following five dimensions: ontological (basic
assumptions on the nature of reality), epistemological (modes of
knowledge), axiological (specific values), anthropological (the
nature of human beings and their position in the universe), and
societal (how to organize society). This worldview concept is
essential to understand how different kinds of complementarities
are related: Specific values are correlated with specific modes of
knowledge (observer stance), as well as with specific ontological,
anthropological, and societal assumptions. The correlation of
different value complementarities is well identified by Alrøe and
Noe (2016): “the specific issues of value complementarity are not
independent of the overall complementarity between different
meaning of sustainability.” They also suggest some links between
value complementarity and observer stance complementarity:
“Secondarily, there may be methodological constrains involved
in value complementarity, but the primary cause is a difference
in value.” Here, I argue that observer stance complementarity can
also reciprocally involve specific values, ontological assumptions,
and so on. Therefore, deep changes involving several
complementarities and dimensions might happen: This
corresponds to a “shift in worldview.” A growing literature
demonstrates that such shifts in worldview are possible at the scale
of individuals and societies (Schlitz et al. 2010).
On the basis of social, historical, and psychological studies,
several typologies of worldviews have been proposed (van
Egmond et de Vries 2011). Particularly, three major types of
worldview seem to be consistent across multiple typologies:
traditional, modern, and postmodern (O’Brien and Hochachka
2010). Particularly, in Alrøe and Noe’s (2016) terms, the modern
worldview is typically characterized by a detached observer stance
(objective science) and a correlated vision of nature quality
promoting authenticity (associated with a naturalist ontology,
where man and nature are seen as separated; Descola 2005). The
postmodern worldview is typically characterized by involved
observer stance (participative sciences) and a correlated vision of
nature quality promoting richness (man and nature seen as
integrated). Concise but comprehensive descriptions of
worldviews are given in O’Brien and Hochachka (2010) and
Hedlund-de Witt (2012). Some authors also agree on a fourth
emerging major worldview integrating science and spirituality,
which is often called integral (van Egmond and de Vries 2011).
Many authors have argued that the modern worldview is
responsible for the current ecological crisis, and that sustainable
pathways require developing alternative worldviews (Bonneuil
and Fressoz 2016, Latour 2017). In my interpretation, this is in
line with the vision of Folke and Gunderson (2002) for the journal
Ecology and Society, which assumes that seeing “humanity and
nature as co-evolving systems” (which goes past a modern
worldview where both are seen as separated) (...) will “enhance
our capacity to actively adapt to change without eroding resilience
or creating vulnerability.” This is also consistent with an
evolutionary approach to worldview, as proposed in integral
theory (Wilber 2000) and spiral dynamics (Beck and Cowan

2014). In this evolutionary approach, the four major worldview
types can be seen as successive stages of individual and collective
development. No worldview type can be considered as
intrinsically better than another, but some worldviews are more
and less adapted to the context (Wilber 2000). The modern
worldview, which has been very useful in human history, is not
adapted anymore to be the dominant worldview globally in the
context of the ecological crisis, although it can still be useful
(Wilber 2000). The relationship between worldviews and
sustainable lifestyle is discussed by Hedlund-de Witt (2012).
Considering sustainability transformations as shifts in
worldviews has important implications for the development of
new strategies and the role of sustainability assessments.
Particularly, criteria, methods, and assumptions used in current
sustainability assessment are virtually meaningless for the same
actor in a new transformed system because of complementarity
issues with emerging worldviews. From my own experience in farm
sustainability assessment and transformations, this a key
explanation for the implementation problem, together with
observer stance complementarity, as I will illustrate with two
examples. From my experience in conventional French pig
production systems, sustainability assessment tools such as life
cycle assessment are not mutually excluding, but are in fact very
synergic with some deep technical transitions such as the
development of large slurry anaerobic digestion facilities (Rigolot
et al. 2009, Espagnol et al. 2012). As long as they do not imply a
shift in (modern) worldview, important technical transitions can
still be significantly supported by “more advanced and complex
methods for sustainability assessment,” despite observer stance
complementarity. Conversely, when studying the conversion of
French livestock farmers to organic farming, we clearly identified
an implementation problem (Huet et al. 2018). Indeed, even in
places where assessments show that organic conversion would be
obviously economically profitable for farmers, organic
agriculture is far from having grown as much as the demand for
organic products (Dedieu et al. 2017). In this case, the
implementation problem can be explained by the shift in
worldview, or “transformational change,” involved in the
conversion to organic farming (Sutherland et al. 2012, Huet et al.
2018). Particularly, during the conversion process, farmers’ very
conception of what is a “good farmer” can shift, as well as their
own criteria to evaluate their farming practice (Sutherland et al.
2012, Huet et al. 2018). Alrøe and Noe (2016) are well aware of
the specificities of “the organic understanding of sustainability,”
which is associated with specific (typically postmodern) value
complementarities (“the pursuit of naturalness” for animal
welfare and a “systemic conception of nature,” valuing “rich but
not untouched” nature). However, they do not consider the cases
of farmers’ conversion to organic farming, which are, in my
opinion, particularly relevant for understanding the implementation
problem. In such cases of sustainability transformation (implying
a shift in worldview), sustainability assessments might be useless
or counterproductive, unless they are associated with value-based
approaches that aim at communicating and mediating
sustainability values (Alrøe et al. 2017) or other multipleperspective approaches (Tengo et al. 2015). In my understanding,
however, such approaches should be aimed not only at
“coordinated and cooperative actions” (Alrøe et al. 2017), but,
perhaps more importantly, at mutual transformations of
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stakeholders’ own perspectives in the process (Rigolot 2017,
Cayre et al. 2018).
As a conclusion, building on the major contribution of Alrøe and
Noe (2016), my commentary introduces a dynamic view of
complementary issues, with important implications for the
development of sustainable strategies and the role of
sustainability assessments. A first limit of this proposal is that
ideal-typical worldviews might sound too simplistic. Particularly,
Cayre et al. (2018) have shown that ideal-typical worldviews in
fact coexist at both collective and individual scales, from a case
study in French Protected Designation of Origin cheese mountain
areas in agroecological transition. For example, a dairy farmer
can take a modern perspective for grazing management and a
postmodern perspective for mowing management. However,
farmers also often have a dominant worldview, which is sufficient
for an evolutionary framework to remain consistent (Cayre et al.
2018). The dynamic nature of complementarity issues can also
be questioned. Particularly, “the notion that worldviews are part
of individual or collective sequential evolutions undermines the
reality that in complex systems all of these exist at the same time,
and that individual alignment with a particular worldview is
contingent on conditions, events, etc. at any given time”
(anonymous reviewer). This remark is challenging, as it raises
deep issues with regard to the very nature of reality, as well as the
possibility of free will and “deliberate transformation” (O’Brien
2012). In my opinion, this opens to other kinds of generalization
from quantum theory, such as Wendt’s (2006) interpretation of
social life. Considering consciousness as a “macroscopic quantum
phenomenon” (by analogy) and human beings as “walking wave
functions,” Wendt (2006) states, “The desires and belief which the
rationalist model of man sees as causal behavior actually do not
exist until behavior takes place - before that point, the Self is a
superposition of multiple and mutually incompatible desires and
beliefs.” Following Barad (2007), Alrøe and Noe (2016) warrant
against such generalizations of quantum physics by analogy, and
prefer a rigorous approach “following the deep philosophical
implications of Bohr’s thinking.” However, as proposed by
O’Brien (2016), both approaches might be synergic to provide a
strong methodological, metaphorical, and meaningful basis for
recognizing and promoting people as the solution for sustainable
transformations.
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