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Structured Abstract 

Paper type – conceptual.  Background(s) – Sustainability science, philosophical. 

Perspective – Perspectivism as a constructivist view of science. 

Context – The problems that are most in need of interdisciplinary collaboration are 
’wicked problems,’ such as food crises, climate change mitigation and sustainable 
development, with many relevant aspects, disagreement on what the problem is, and 
contradicting solutions. Such complex problems both require and challenge 
interdisciplinarity.  

Problem – The conventional ideas and methods of interdisciplinary research fall short 
in the case of wicked problems because they remain first-order. Our aim is to present 
workable methods and research designs for doing second-order science in domains 
where there are many different scientific knowledges on any complex problem.   

Method – We synthesize and elaborate a framework for second-order science in 
interdisciplinary research based on a number of earlier publications, experiences from 
large interdisciplinary research projects, and a perspectivist theory of science.  

Results – The second-order polyocular framework for interdisciplinary research is 
characterized by five principles. Second-order science of interdisciplinary research 
must: (1) draw on the observations of first-order perspectives, (2) address a shared 
dynamical object, (3) establish a shared problem, (4) rely on first-order perspectives 
to see themselves as perspectives, and (5) be based on other rules than first-order 
research. 

Implications – The insights of second-order science provide a radically new way of 
understanding interdisciplinary research that leads to new polyocular methods and 
research designs. The framework also offers new ways of dealing with scientific 
expertise in democratic processes. The main challenge is that this is a paradigmatic 
shift, which demands that the involved disciplines, at least to some degree, subscribe 
to the perspectivist view.  

Constructivist content – Our perspectivist approach to science is based on the second-
order cybernetics and systems theories of von Foerster, Maruyama, Maturana & 
Varela and Luhmann, coupled with embodied theories of cognition and semiotics as a 
general theory of meaning from von Uexküll and Peirce.  

Key Words – semiotics, complex phenomena, social systems theory, differentiation of 
science, transdisciplinary, cross-disciplinary.  
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“Perspective is one of the component parts 
of reality. Far from being a disturbance of 

its fabric, it is its organizing element.”  
(Ortega y Gasset 1961 [1923]: 90) 

“… a scientific perspectivism does not 
degenerate into a silly relativism.” 

 (Giere 2006: 13) 

Introduction 

The science of sustainable agriculture is an example of a science that does not have its 
own scientific perspective. It depends on interdisciplinary collaboration between many 
different specialized disciplines such as plant physiology, organic chemistry, soil 
physics, environmental science, ecology, engineering, statistics, business economics, 
and sociology; and it must always be prepared to include new perspectives (recently e.g. 
climate change, marketing, and social systems) due to the  influence of a large variety of 
stakeholders and the structural and semantic developments within  agriculture, food, 
environment and society at large. The problems that are most in need of 
interdisciplinary cooperation are ’wicked problems’ such as food crises, climate change 
mitigation and other resilience and sustainability problems. Wicked problems are 
complex problems where there is disagreement on what the problem actually is, there 
are many relevant aspects and perspectives involved, and proposed solutions often 
contradict each other.  

This complexity means that the wicked problems of today both require and challenge 
interdisciplinarity. “The real-world research problems that scientists address rarely arise 
within orderly disciplinary categories, and neither do their solutions” (Palmer 2001: 
vii). But the conventional ideas and methods of interdisciplinary research fall short in 
the case of wicked problems. It is well-known that there are fundamental problems of 
communicating across disciplines and carrying out cross-disciplinary research in 
practice (e.g. Miller et al. 2008, Bracken & Oughton 2006, Harrison et al. 2008, Noe et 
al. 2008, Pennington 2008). The more ambitious the collaboration is, in terms of using 
and integrating very different scientific perspectives in solving real, complex problems, 
the more difficult the task. 

We argue that the existing approaches to interdisciplinary research are problematic 
because they remain first-order; be that in the form of independent and uncoordinated 
research perspectives on a given problem, a patchwork of coordinated but still separate 
research perspectives, a synthesis through the lens of a hegemonic discipline (such as, 
often, economy), or a synthesis based on a new integrated (but still first-order) 
discipline. What we do, which has not been done before, is to look at interdisciplinary 
science and the conundrum of doing cross-disciplinary research by way of a thorough 
perspectivist understanding of science. Our aim in this paper is to present a second-
order polyocular framework for doing interdisciplinary research on wicked problems, 
and describe workable methods and research designs for this second-order science.   

Background 

This paper is based on a number of earlier publications that propose second-order 
research methodologies in the domain of agriculture, food and environment. The 
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development of what we call a polyocular framework for second-order science has 
followed two steps: 

Step 1. Recognizing the role of the observer in science 
Based on the current challenges to agricultural science, Alrøe & Kristensen (2002) 
elaborated on the methodological consequences of taking an observer-dependent 
approach to research in agriculture, where science plays an active role in the world it 
studies and values play an active role in science. This proposal for a ”systemic research 
methodology” forms a framework for transdisciplinary work by showing the relations 
between different kinds of science and pointing to “reflexive objectivity” as a common 
demarcator of good science. This article builds on the earlier Alrøe (2000), which 
investigated science as an autopoietic cognitive and communicative system based 
mainly on the work of Jakob von Uexküll, Charles S. Peirce, Humberto Maturana & 
Francisco Varela, Gregory Bateson and Niklas Luhmann. 

Step 2. The polyocular framework and the perspectivist view of science 
Noe, Alrøe & Langvad (2008) investigated the special challenges of interdisciplinary 
research in multifunctional farming and rural development, and presented a second-
order methodology based on polyocular communication to provide a multidimensional 
space of understanding. In a similar vein, Alrøe & Noe (2008) proposed polyocularity 
as a general analytical tool to handle different perspectives on the development of 
organic agriculture. Alrøe & Noe (2011) elaborated how a perspectivist science of 
science can address the problem of knowledge asymmetries in modern societies, and 
how polyocular communication can help overcome the observed problems of carrying 
out interdisciplinary research by handling perspectival knowledge asymmetries. In a 
similar way, Thorsøe, Alrøe & Noe (2014) uses the second-order science approach of 
observing the observers to uncover the role of values in research assessments of organic 
food systems, and Alrøe & Noe (2012) takes a (second-order science) constructivist 
approach to constructivist approaches by observing the concepts of environment and 
world in the theories of von Uexküll, Maturana & Varela and Luhmann. 

In the present paper we synthesize and elaborate a polyocular framework for the 
second-order science of interdisciplinary research based on our earlier work. The 
theoretical basis for this work is a form of constructivism which we characterize as 
perspectivism. The proposed methodologies for this second-order science are 
empirically grounded in our participation in a range of large interdisciplinary research 
projects, and tested through the planning and management of two current projects, 
MultiTrust (www.multitrust.org) and HealthyGrowth (www.healthygrowth.eu), which 
exemplify how second-order science can be handled in interdisciplinary research. 

A second-order polyocular framework for interdisciplinary science 

“Perspectives may be understood broadly 
as perceptual and conceptual orientations 
to a situation with a view to acting within 
that situation.” (Martin 2005: 231). 

The insights of a perspectivist second-order science provide a radically new way of 
understanding interdisciplinary research that leads to new methods and research 
designs. Generally, interdisciplinary studies have been developed as complementary to 

http://www.multitrust.org/
http://www.healthygrowth.eu/
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the development of specialized disciplines based on the need to understand complex 
issues, answer complex questions and solve complex problems (e.g. Klein 1996, Moran 
2010, Repko 2012). But the epistemological aspects are rarely considered, though 
philosophers of science have recently begun to focus more on the interaction of 
epistemic and social practices (Krishnan 2009: 19).  

In a perspectivist view, science is observer-dependent to the core, and we see a growing 
recognition in science studies that all scientific knowledge is perspectival; i.e. that the 
context established by a scientific discipline is decisive for the kind of observations that 
can be made by that discipline. The perspectivist view of science has two roots; one in 
the sciences of cognition and one in the sciences of communicative systems (Alrøe 
2000).  

The cognitive understanding of science, where the focus is on scientific models and 
representation rather than theories and truth, has been growing and developing in 
philosophy of science over the last decades (e.g. Giere 1988, Cartwright 1999, Fraassen 
2008), and it has recently been developed into a fully perspectival philosophy of 
science, labelled “scientific perspectivism,” by Ronald Giere (2006a). This implies that 
all scientific knowledge is perspectival, given that scientific knowledge is created in 
scientific perspectives, and that scientific representations and measurement outcomes 
are perspectival (Fraassen 2008: 8, 183). A scientific perspective is not only a means of 
observation, but also an “apparatus for learning.” The cognitive and perspectivist 
approach leads to a pluralist view of science, a “perspectival pluralism” (Giere 2006b), 
where different perspectives highlight different aspects while ignoring others (Giere 
1999: 28), and maintaining a plurality of perspectives promotes scientific progress 
(Longino 2006). Kellert (2006: 225) states that “a thorough-going disciplinary pluralism 
… suggests that sometimes the perspectives don’t fit nicely together on the same plane: 
they overlap or conflict or cannot both be held at the same time, and yet you need both 
of them.” But no real methodology has so far been developed to handle such issues in 
this line of work. 

In social systems theory, the specialization of disciplines is studied on the basis of an 
evolutionary understanding of science as a communicative social system that undergoes 
specialization through functional differentiation (Luhmann 1990, Stichweh 1992). In 
this scenario there is no hope of Habermasian consensus communication and integration 
between the disciplines; specialized communication is basically incommensurable 
(whereas communication between different disciplines using our general, daily 
language is always possible), and strong interdisciplinary communication is only 
possible by co-creating a new, shared genre of discourse (Holbrook 2013).  From this 
evolutionary, communicational view of science the paradox of scientific expertise 
becomes evident: that the growth of scientific knowledge leads to a fragmentation of 
scientific knowledge (Alrøe & Noe 2011). The differentiation and specialization of 
science and expertise results in what we call perspectival knowledge asymmetries: 
different scientific perspectives see complex matters differently, and these differences 
cannot, and should not, be merged. 

On the basis of this (cognitive and communicative) perspectivist understanding of 
science, we describe a second-order, polyocular framework for interdisciplinary 
research. The key point is that interdisciplinary cooperation must be based on an 
awareness and recognition of the interacting disciplines first and foremost as 
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perspectives – not as social groups, not as discourses, not as ‘sciences working on 
different domains’.  

Five principles for polyocular research 

The second-order, polyocular framework for interdisciplinary research is characterized 
by five interrelated but separate principles. In the next two sections we first list and then 
explain more fully these principles.  

Second-order science of interdisciplinary research must: 
1. draw on the observations of first-order perspectives, because 
− all observations include the observer, and only perspectives can offer 

observations 
− research approaches should be understood as perspectives or oculars, and 

scientific knowledge depends on the observing perspective 
− there is no holistic scientific perspective 
− first-order perspectives is the only access to observe complex problems 

2. address a shared dynamical object (sensu CS Peirce), because 
− interdisciplinary research requires a shared research object 
− there is no position from where we can observe the “thing-in-itself” 
− each perspective has its own immediate object 

3. establish a shared problem, because 
− the shared problem is the driving force for doing interdisciplinary research  
− each research perspective forms its own version of what the problem is (and this 

is part of what makes the problem “wicked”) 
− having a shared problem is a precondition for being able to offer a common or 

coordinated solution 

4. rely on first-order perspectives to see themselves as perspectives, because 
− this is necessary to make first-order observations volunteer their observations as 

objects for second-order observation 
− this is necessary to determine the dynamical object that is referred to by the 

immediate objects of the first-order perspectives 
− in order to observe wicked problems, the first-order perspectives must 

participate in the polyocular communication about the shared problem 

5. be based on other rules than first-order research, because 
− polyocular cognition is based on observations of first-order observations, it is 

not merely another first-order perspective 
− perspectives can only make their observations available for (second-order) 

observation in form of communication 
− polyocular communication must be able to handle first-order observations in the 

context of their perspectives (as observer-dependent knowledge) 
− whereas disciplinary communication is about providing consistent, efficient and 

precise knowledge in the context of a sharply delimited research world, 
polyocular communication is about extending a multidimensional space of 
understanding, which has its own requirements for synchronization and spatial 
coordination. 
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The five principles explained 

1. Second-order science of interdisciplinary research must draw on the observations of 
first-order perspectives 
This principle is based firmly on the perspectivist view of science, which sees different 
research approaches (including disciplines, sub-disciplines, ‘schools’ and more specific 
approaches) as perspectives or oculars for observing the world (Alrøe & Noe 2011). 
Science has no access to the world except through observations (“observations” here 
includes interactions, see Principle 2). All scientific observations belong to a scientific 
perspective, and the observations of a perspective include that perspective. The 
perspective is part of what an “observation” is. Niels Bohr expressed it very well in his 
philosophy of quantum physics, advocating that the very word phenomenon is applied 
exclusively to refer to the observations obtained under specific circumstances, including 
an account of the whole experimental arrangement (Bohr, 1985 [1955]: 27). We 
advocate to take this as a general principle, based on the perspectivist view of science, 
and to take complex phenomenon to mean a phenomenon where multiple perspectives 
are needed to give an unambiguous description of the phenomenon, where the degree of 
complexity depends on the number and variety of perspectives needed. (This definition 
of complexity is of course very different from conventional ideas about complexity 
building on statistical complexity, such as Ladyman et al. 2013). 

The only access for cross-disciplinary research to study a complex problem or complex 
phenomena is through the (first-order) scientific perspectives that enter into the study. 
Or in other words, there is no holistic scientific perspective. Aspirations in science to 
develop a deeper understanding of a complex problem can only be realized through a 
specialization of the scientific ocular, which involves a differentiation into separate 
specialized perspectives. This differentiation of science has happened throughout the 
history of science (Stichweh 1992). Any attempt to reunite the fragmented sciences into 
a unitary science, such as the various systems sciences, either loses the powers of the 
specialized sciences because the ocular is simplified, or forms a new specialized 
perspective, or both. 

From the above follows that the second order science of interdisciplinary research must 
observe the observations of first-order perspectives; not the perspectives themselves as 
in a sociology of science study, and not on the “results” as they are often presented in an 
de-contextualized form, but the results in a form where it is clear how they are 
constructed from observations through the cognitive and analytical tools of the 
perspective. Perspectival knowledge must always be of the form “seen from this or that 
perspective, such and such is the case.” Only in this rich form can the observations enter 
into a polyocular communication. 

2. Second-order science of interdisciplinary research must address a shared dynamical 
object (sensu Charles S. Peirce) 
What we see depends on how we see it – any cognition is necessarily a reduction based 
on the perceptual and conceptual apparatus – and “the same thing” may therefore be 
seen in different ways. But how, then, do we know we are looking at the same thing? 
This is the simple question behind this principle. But the explication requires a 
comprehensive semiotic understanding.  

Interdisciplinary research requires a shared research object; this is part of the very 
definition of what interdisciplinary research is. But different scientific perspectives have 
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different names and specialized concepts for the objects they observe; this is part of 
what makes them a specialized perspective. This means that we cannot be sure that we 
look at the same thing, even though we think we do. A farm in an economic perspective 
(a “farm enterprise”) is a quite different entity from a farm in a sociological or an 
environmental perspective. A cow in an accounting perspective (a “year cow”) is quite 
different from a cow in a veterinary or a landscape conservation perspective.  

In a perspectivist, semiotic understanding we can analyze this in form of signs (Figure 
1). According to Peirce a sign, or representamen, is something which stands to 
somebody for something in some respect or capacity.  

“A Sign therefore has a triadic relation to its Object and to its Interpretant. But it is necessary to 
distinguish the Immediate Object, or the Object as the Sign represents it, from the Dynamical 
Object, or really efficient but not immediately present Object.” (Peirce 1998 [1908]: 482, CP: 
8.343) 

Peirce’s distinction between the dynamical and the immediate object to some degree 
corresponds to Kant’s distinction between phenomena, things-for-us, and noumena, 
things-in-themselves (Alrøe & Noe 2011, 2012). Some say they differ in that the 
Kantian Ding an Sich is unknowable as it is in itself, whereas the Peircean thing in itself 
is essentially representable and knowable as a limiting case (Ransdell 2007), like truth 
is a limiting case for Peirce. But in order to approach the dynamical object we have to 
acquire what Peirce calls collateral experience of the supposed same dynamical object 
(Hardwick & Cook 1977: 83). 

Immediate object

Sign

Interpretant

Semiotic 
reference

Delimitation of 
the observing
system 

Causal 
interaction

DAIRY COW

A cow that  
produces milk 
for an income

Dynamical object
Animal with a surplus
of  possible functions

Figure 1: The semiotic model of a scientific perspective (Alrøe & Noe 2011: 157). 

 

There is no position from where we can observe the dynamical object as it is in itself. 
(This is of course very different from a traditional realist conception which takes the 
thing in itself as the immediately present object.) Every perspective adds to the number 
of immediate objects that refer to, point at, or hint at the dynamical object. The 
immediate objects all refer to a dynamical object, but none of them are the same as the 
dynamical object in itself. What rescues the prospects for interdisciplinary research is 
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that dynamical objects do “strike back” in our interaction with them, and that this 
interaction is part of what makes up the observations of scientific perspectives (Figure 
1). This relational nature of observation is also what enables scientific perspectives to 
make changes in the world that correspond to their specialized observations. However, 
the existence of a shared dynamical object can never be presumed, but must be 
established and synchronized in each case.  

For cross-disciplinary research efforts the questions of a shared dynamical research 
object and collateral experience are particularly difficult because they concern complex 
phenomena; that is, phenomena that can only be established by the collaborative effort 
of multiple specialized perspectives, and which refer to complex dynamical objects. 

3. Second-order science of interdisciplinary research must establish a shared problem 
Principle 2 focused on the cognitive problem for interdisciplinary research to ensure 
that the involved disciplines observe the same thing. But why bother? Generally, 
scientific efforts are driven by either internal or external questions, or some 
combination thereof. Internal questions rarely motivate interdisciplinary cooperation; 
interdisciplinary research is mostly motivated by external questions, often formulated as 
“problems” for society or certain groups in society. Therefore it is a separate 
requirement for interdisciplinary research to establish a shared problem. Whereas 
having a shared dynamical object is the enabling factor for interdisciplinary research, 
having a shared problem is the motivating factor that calls for cooperative work. 

An important societal problem is an irritation, like an itch, a pain or a general 
discomfort; this we call a dynamical problem in analogy to the dynamical object and 
dynamical interpretant of Peirce. The problem is felt in different ways by different 
stakeholder perspectives, and not necessarily perceived as one and the same problem. 
Science is needed to establish these perceived problems as a shared problem. On the 
other hand, shared problems need to be formulated in our shared language with its 
connection to our daily relations with the world. 

The perspectival nature of scientific disciplines leads to the problem of problem 
making. Different disciplines necessarily see different types of immediate problems due 
to their different methods and instruments of observation, different concepts, categories 
and theories, and different concerns, questions and values. Each research perspective 
forms its own version of what the problem is, and this is part of what makes the 
problem “wicked.” The paradox that has to be transgressed in the face of wicked 
problems is thus that it takes a concerted effort to establish a shared problem, and it 
takes a shared problem to establish a concerted effort. 

Part of why having a shared problem is an essential motivation for interdisciplinary 
research is that faced with a shared problem there is a need for a shared solution. (This 
is science taken as the key to societal learning, complex problem solving and creative 
transformation.) But as we said, different scientific perspectives see different immediate 
problems, and therefore they provide different solutions that often contradict each other. 

The shared problem of interdisciplinary research is therefore only really possible in a 
second-order framework. Wicked problems like the current sustainability crises can 
only be adequately addressed in a second-order problem solving process, where the 
shared problem can be formulated in a polyocular way that is sufficiently flexible to 
incorporate the different versions of the problem that prospective scientific perspectives 
offer, and which is thereby able to offer a common or coordinated solution. 
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4. Second-order science of interdisciplinary research must rely on first-order 
perspectives to see themselves as perspectives 
One of the typical problems of interdisciplinary research is a lack of respect of other 
disciplines. The reason can be a hegemonic feeling of being the better science; that 
other disciplines are generally less scientific and their results therefore less dependable; 
or that other disciplines are generally too restricted by their theoretical framework and 
their results therefore less useful. Or the reason can be a more specific assessment that 
since the other disciplines come up with other explanations and other solutions in this 
case where we really know what we are doing, they must be wrong. 
The perspectivist view of science recognizes that (1) there are many different scientific 
perspectives on any complex issue, (2) these different perspectives can all contribute 
something valuable, and (3) no single scientific discipline can provide adequate 
solutions to complex problems, and therefore it is a strong tool to found mutual respect 
between even very different scientific perspectives. 

In fact, we can state it even stronger: The second-order science of interdisciplinary 
research is dependent on the ability of the involved scientific disciplines to see 
themselves as perspectives and acknowledge that they are one among many different 
perspectives. First of all because the very process of second-order observation requires 
that first-order observations are made available for observation. The second-order 
science we describe is not just a science of sciences, like sociology of science, but a 
polyocular framework bases on scientific observations of scientific observations. And 
scientific observations cannot be observed without the willing and skillful cooperation 
of the scientific perspective making those observations. 

Secondly because the determination of a shared dynamical object, which is required for 
interdisciplinary research to at all qualify as interdisciplinary research, depends on the 
involved first-order scientific perspectives being able to distinguish between their 
immediate objects and the dynamical objects that they refer to. There is no way in 
which an individual perspective can gain access to directly observe the difference 
between the immediate and the dynamical object. This distinction is only accessible as a 
theoretical construct that can be actualized in relation to other perspectives. 

Thirdly because to help resolve a wicked problem in a constructive way, first-order 
perspectives must participate in the polyocular communication about how their different 
immediate problems can contribute to the determination of a shared, polyocular 
problem. To do that, each scientific perspective needs to recognize itself as a 
perspective on the world among other valid and valuable perspectives. And the first-
order perspectives need to enter into a form of partnership where they promise not 
certain observations, but certain promises of observations by way of their perspective 
(cf. Andersen 2008).   

5. Second-order science of interdisciplinary research must be based on other rules than 
first-order research 
Polyocular cognition is the form of cognition needed to observe and understand 
complex phenomena. There is no holistic first-order perspective; no perspective that can 
observe the whole of a complex phenomenon as a replacement for the many specialized 
perspectives, and there is no complete cognition except as an ideal limiting case.  

Polyocular cognition is based on observations of first-order observations, but it is not 
itself merely another first-order perspective. This does not mean that the polyocular 
second-order perspective is a privileged perspective; it is not a new gods-eye 



10 

 

perspective and there can be different second-order perspectives on a complex 
phenomenon with different ideas about what the relevant first-order perspectives are 
and how the phenomenon is to be delimited. 

Polyocular cognition relies on collaboration with first-order perspectives, who must 
volunteer their observations for observation, as the Principle 4 states. And the first-order 
perspectives can only make their observations available for (second-order) observation 
in form of communication. Polyocular cognition is therefore also polyocular 
communication. And the polyocular communication must be able to handle first-order 
observations in the context of their perspectives (as observer-dependent knowledge).  
The criterion of scientific excellence for polyocular research is not objectivity as the 
ideal of context-free knowledge, but reflexive objectivity, where the cognitive context is 
reflexively observed and included in the scientific communication (Alrøe & Kristensen 
2002, Alrøe & Noe 2008). And this requires that the scientific perspective is aware of 
its own state and role as a perspective. 

But whereas disciplinary communication is about providing consistent, efficient and 
precise knowledge in the context of a sharply delimited research world, polyocular 
communication is about extending a multidimensional space of understanding of the 
dynamical object under study. Polyocular studies ask questions of a different logical 
type than monocular studies. 

The polyocular framework can reveal new observational dimensions that cannot be 
observed from any first-order perspective, like binocular vision can reveal depth or 
distance. Gregory Bateson (1979: Ch. 3) described the elaborate anatomical structures 
behind binocular vision, and how the difference between the information from the two 
eyes creates an extra dimension to seeing: information about depth, which is of a 
different logical type. Magoroh Maruyama (1974) suggested the more radical idea of 
polyocular vision, across cultures, professions or disciplines, where the different views 
are seen as complementary in a polyocular logics and “the differentials between the 
different views enable us to add new dimensions to our perception” (Maruyama 1974: 
187). 

Polyocular vision is therefore not merely a question of gathering collateral experience. 
It is a way of approaching an in-depth understanding of complex phenomena and 
wicked problems, which requires synchronization and spatial coordination (in the 
timeframes and spaces employed) of the involved perspectives. 

Implications 

In this section we first present research methods and designs for doing second-order 
science in interdisciplinary research on the basis of the above principles and our 
experiences and experiments with interdisciplinary agroecological research projects. 
Then we discuss the practical implications of these methods and designs in front of 
wicked problems. 

Apart from interdisciplinary research proper, the polyocular framework and the 
perspectivist view of science also has implications for the use of science in societal 
decisions on complex problems, such as reviews (assessment and synthesis) of 
disciplinary knowledges from a cross-disciplinary problem oriented perspective, or the 
direct use of a range of specialized knowledges from across the sciences in such 
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decision processes. But we will not treat these implications here, because the paper is 
focused on second order science. 

Implications of the polyocular framework for organization of cross-disciplinary 
research 

Through our participation in a range of large interdisciplinary research projects and 
other forms of interdisciplinary collaboration, we have tried out different ways of 
implementing the polyocular framework in scientific practice. For example we have 
with advantage employed workshop setups where discussions have been carried out 
first in uniperspectival groups (participants having the same perspective) and then in 
multiperspectival groups where participant with different perspectives are mixed. 

In the following we describe how the polyocular framework can be executed in cross-
disciplinary research. In a full-blown polyocular research project, there are three levels 
of observation and three pivotal phases of carrying out research (Figure 2 and Table 1). 
The middle level (1. order observation) is the familiar level of research execution, but 
the research is carried out with a keen awareness of the scientific perspective employed. 
On the bottom level (which we characterize as 0. order observation) we have the 
dynamical objects that are presumed and hinted at in scientific observation, but which 
cannot directly enter into scientific communication. The top level (2. order observation) 
is the observation of observations made by different scientific perspectives. 

 
Figure 2: The polyocular framework for cross-disciplinary research indicating the 
three levels of observation (modified from Alrøe & Noe 2008 and Noe et al. 2008). 

We have previously suggested polyocular understandings of multifunctional farming 
(Noe et al. 2008) and organic agriculture (Alrøe & Noe 2008). The current research 
project MultiTrust is organized as a multi-perspectival approach that works explicitly 
with the different aspects of organic agriculture exposed by different scientific 
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disciplines, in order to facilitate the interdisciplinary work on multicriteria assessment 
tools and enable the participation of a diverse range of organic actors and stakeholders 
in the project. And the current EU project HealthyGrowth is from start to finish 
organized around a polyocular framework: In-depth case studies of mid-scale organic 
values based food  chains are carried out in nine participating countries, followed by six 
comparative analyses based on different research perspectives and a multi-perspectival 
(polyocular) meta-analysis, in order to obtain a nuanced and coherent understanding of 
the underlying mechanisms and principles for a healthy growth of organic value chains 
from niche to volume. 

Experiences from these research projects show that the main challenge in implementing 
the polyocular framework is that it involves a paradigmatic shift compared to 
conventional thinking about multi-, inter-, and transdisciplinary research. Largely, 
multidisciplinary research involves independent and uncoordinated research 
perspectives on a given problem (without ensuring a shared dynamical object and 
without means to provide a shared solution); conventional interdisciplinary research 
involves a patchwork of coordinated but still separate research perspectives, sometimes 
synthesized through the lens of a hegemonic discipline (lacking the means to make fair 
use of the variety of first-order perspectives); and transdisciplinary research provides a 
synthesis based on the transformation of the involved disciplines into a new 
theoretically integrated discipline or the formation of such a discipline in between the 
existing disciplines (resulting in a new first-order perspective, which can be fine, but 
not possible as a general approach to cross-disciplinary research on wicked problems). 
Note that there is a second meaning of transdisciplinary research, which we usually 
intend with the term, namely interdisciplinary research that incorporates stakeholders. 
Cross-disciplinary research, as we use it, is a generic term to encompass all the different 
forms of cooperation between scientific disciplines on a common issue.  

The polyocular framework involves a paradigmatic shift because all the conventional 
approaches to cross-disciplinary research remain first-order, whereas the perspectivist 
understanding of science leads to a second-order science of interdisciplinary research 
that is qualitatively different. This is a shift to what may be labelled as “post-
disciplinary research” in the sense of Karl H. Müller (2014); research that operates on 
two different levels, a normal science level and a meta-level, and which thereby 
transgresses the conventional disciplinary framework of science.  

Figure 2 includes stakeholder perspectives as well as scientific perspectives. 
Comprising stakeholder perspectives corresponds to moving from interdisciplinary 
research to transdisciplinary research where stakeholder participation is considered a 
vital part of research. Stakeholders, or actors, can have their own perspectives on a 
complex problem, which are important to include in cross-disciplinary research. 
Stakeholder perspectives may be as manifest as scientific perspectives, if they reside in 
an organizational structure where the perspective on the world is produced and 
reproduced as an important part of the autopoiesis of the organization (e.g. NGOs). 
They may be closely connected to particular scientific perspectives or be very different 
based on specific forms of practices. In any case they differ from scientific perspectives 
in not necessarily being guided by the norms of scientific inquiry in their observations. 
But they may provide interactions through actor practices, which are very difficult to 
achieve in scientific observation. And they may suggest perspectives that are not 
currently found in science. 
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Three phases of polyocular research 

Table 1 suggests three pivotal phases of polyocular research modelled on the familiar 
pragmatic problem-solving model of science, but incorporating the five principles of 
second-order science of interdisciplinary research. In actual research there may well be 
iterations across these phases, such as going back to reassess the shared problem after 
some amount of research studies, making a first attempt at a multidimensional 
understanding to help synchronize the different specialized research efforts, or 
instigating changes and going back for a new round of observations to check the results. 
But this does not change the essential character of these three phases. In Table 1, the 
three phases are boldly named “shared problem”, “shared research” and “shared 
solution,” but as the observant reader will suspect, these titles must be taken with a 
grain of salt; taken literally they suggest a naïve idea of the options for doing common 
research across different disciplines, which we have argued against above.  

 

Phases: 1 – Shared problem 2 – Shared research 3 – Shared solution  

2. order Polyocular problem 
making    
(addressing the 
wicked problem) 

Polyocular 
synchronization 
(addressing the 
mosaic of phenomena) 

Polyocular 
understanding 
(addressing the 
plethora of solutions) 

1. order Perspectival 
descriptions       
(self-descriptions, 
immediate problems) 

Perspectival 
observations 
(immediate objects) 

Perspectival 
implications 
(immediate solutions) 

0. order Shared dynamical 
research object 

Unfolding dynamical 
objects  

Dynamical change 
and transition 

 

Table 1: The three pivotal phases of a polyocular research project, indicating the 
involved research elements on each of the three levels of observation. 

 

Phase 1 – Establishing a shared problem 
The first phase of polyocular research addresses the problem of problem making (e.g. in 
front of a “wicked problem”). As a preparatory step for this and for the whole research 
endeavor, each involved perspective must make a self-description. The description 
should include the key interests (concerns, problems, questions, goals, values) in 
relation to the suggested cross-disciplinary research effort and the main ways of 
observing and tackling the suggested problem (practices, examples and classifications, 
concepts and logic, theories and models, methods and instruments). Obviously, this 
phase runs into the paradox (from Principle 3) that it takes a concerted effort to 
establish a shared problem, and it takes a shared problem to establish a concerted effort. 
There is probably a need for an iterative process of making perspectival descriptions of 
immediate problems and making a shared polyocular problem to transgress this paradox 
and create a shared polyocular problem. An important aim of this first phase of 
polyocular research is to move towards a shared dynamical research object that can 
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establish the collaborative research effort as interdisciplinary (or transdisciplinary) 
research proper. 

Phase 2 – Ensuring shared research 
The second phase of polyocular research addresses the mosaic of phenomena offered by 
the involved perspectives as they unfold dynamic objects by constructing and refining 
immediate objects through their research observations. Eventually the studies are to 
contribute to a polyocular understanding of the shared research object. For this to 
happen there is a need to synchronize the research efforts of the involved perspectives, 
using among other things the perspectival self-descriptions from Phase 1, so that the 
findings can enter into a multidimensional space of understanding in an unambiguous 
way. Furthermore the findings need to be communicated in a form that incorporates a 
description of the observational conditions that enabled the findings, in line with Bohr’s 
definition of phenomena. As noted in Principle 5, the scientific hallmark for polyocular 
research is the inclusion of the cognitive context in scientific communication. 

This perspectival communication is necessary for polyocular communication to be 
unambiguous and enable coherence where there seems to be insurmountable 
contradiction (between complementary perspectives). It is also necessary in order to 
transform specialized communication into a more generally understandable 
communication; in other words, a translation from a specialized language to an ordinary 
language. In this respect there is a huge difference between cross-disciplinary work 
across related disciplines like physics, chemistry and molecular biology, which share a 
basic natural science perspective and language, and across widely different disciplines 
from human, social and natural sciences, where the options for communication are 
largely down to our everyday language.  

No doubt interactional expertise in the sense of Harry Collins (2004), as the ability to 
communicate in the language of another perspective, plays some practical role in most 
interdisciplinary collaboration.  And the amount of interactional expertise is probably 
decisive for the degree of interdisciplinary integration possible. But the notion of 
polyocular communication differs from ideas about interdisciplinary communication 
such as interactional expertise and “trading zones” (Collins et al. 2007, Galison 1997: 
803 ff), which are restricted to communication between first-order perspectives. 
Generally, polyocular communication must rely on everyday language and perspectival 
knowledge that incorporates an indication of its origin.  

Phase 3 – Enabling a shared solution 
The third phase of polyocular research addresses the plethora of solutions offered by the 
involved perspectives. Polyocular understanding – the multidimensional space of 
understanding that can be established through polyocular observation and 
communication of the perspectival observations in Phase 2 – forms the basis for a 
shared or coordinated effort to instigating change and transformation. An important 
precondition is that, just like any observation that is part of inquiry must be made 
through an established perspective, any deliberate approach to instigate change and 
transformation must take place through an established perspective. Such perspectives 
can be very different, from practice based stakeholder perspectives to high-tech 
scientific perspectives, but there is no way around perspectives to intelligently attempt 
changing dynamical objects.  
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Unitary and polyocular understanding 
The paradoxical challenge of solving (or mitigating) wicked problems is thus that they 
can only be observed and addressed through particular perspectives, but a common 
solution is needed. Interacting with the world through monocular perspectives without 
sufficient reflection on blind spots and unintended impacts are typical of the muddles 
that bring about complex problems in the first place. Polyocular research and polyocular 
understanding is a way to transgress this paradox. 

It is important to see the difference between a unitary understanding and a polyocular 
understanding. The characteristic of a unitary understanding, such as a synthesis that 
combines elements of separate entities into a single or unified entity, is that there is no 
emphasis on perspectival knowledge. The conclusions and recommendations are 
presumed to be general and context free, based on a broad inclusive search of all the 
available scientific knowledge. A polyocular understanding, on the other hand, is based 
on the recognition that such first order unification is not possible in the situation, and 
that there is a need to communicate perspectival knowledge and work with perspectival 
implications. Examples of how polyocular understanding can be explicated in a 
scientific paper can be found in Alrøe and Noe (2008), Thorsøe et al. (2014) and 
Læssøe et al. (2014), who all provide several different scientific perspectives on a 
subject without presuming that a unitary conclusion is possible.  

There are particular requirements for polyocular research projects to gain support in the 
competition with conventional disciplinary or multidisciplinary research. Firstly, the 
second-order science framework needs to be recognized as scientifically valid and 
valuable. Secondly, the procedures for project application and evaluation need to take 
into account the special features of second-order science; for instance that problem 
making and synchronization of the scientific perspectives are part of the research 
project and not something that can be done in advance.   

Stakeholder participation 
In front of wicked problems, participation of stakeholders is needed from Phase 1, since 
the establishment of a shared problem must be based also on how the problem is 
experienced outside of science. And stakeholder participation is equally needed in 
Phase 3, since a shared solution cannot be found and instigated based on scientific 
perspectives alone, but needs to involve the relevant practices in society. In general, 
stakeholder involvement in cross-disciplinary research is faced with the two-fold 
challenge of how the varied and fragmented knowledge of science is made accessible 
for stakeholders and how the many different interests and perspectives of stakeholders 
is made accessible for the scientific endeavors. The polyocular framework outlined in 
Figure 2 treats scientific and stakeholder perspectives in parallel, allowing for 
polyocular observation of all the perspectives. And being based essentially on everyday 
language, polyocular communication is accessible for stakeholders, political decision 
makers and scientific experts alike. 

Implications of the polyocular framework for practice 

In the previous sections we have sketched the implications of the perspectivist view for 
research, but what are the implications for practice? On the one hand the second order 
science framework for interdisciplinary research is a way forward to address the wicked 
problems of society, remedying the shortcomings of the existing scientific approaches. 
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On the other hand polyocular answers may be seen as a new challenge for making 
decisions based on science. There is a harsh competition with monocular answers that 
offer an extensive reduction of complexity. But of course this reduction comes at the 
expense of the big picture. However, the competition between making decisions based 
on few or many perspectives is nothing new, the news is that the polyocular framework 
provides a coordinated and intelligible perspectival understanding based on multiple 
perspectives.  

More generally, the perspectivist view of science has implications for how scientific 
expertise is dealt with in democratic processes. There is a peculiarly strong idea that 
“economy,” or “science” in a narrow sense, has the right and the only answer to the 
complex problems of society. Selected scientific experts, or monocular expert 
commissions (often consisting of neoclassical economists), are commonly used to 
underpin certain political decisions. The uniperspectival basis enables the argument that 
the decision is “necessary” by eschewing the broader range of perspectives that might 
suggest other possible decisions. And with a careful selection of scientific experts most 
political positions can claim to be based on a firm scientific grounding. Even though it 
is evident that different scientific experts give different advice, the scientification of 
politics is still a strong trend. If the construction occasionally breaks down, the blame is 
usually on the experts being political and in essence unscientific. That may of course be 
the case, but in general scientific experts can be expected to give different advice, based 
on a perspectivist view of science, and we have to let go of the Habermasian idea of 
consensus communication based on one common rationality. The idea of polyocular 
understanding would provide a very different scientific input to democratic debate and 
political decision making, and polyocular inquiry and learning could help us overcome 
the paradox of scientific expertise by enabling us to better handle perspectival 
knowledge differences. 

Future directions 

In the present paper we have described the polyocular framework and the theoretical 
background necessary to substantiate this approach, based on our earlier work. But the 
perspectivist approach to interdisciplinary science raises a range of other fundamental 
issues, which would be interesting to pursue in the future. Here we will sketch three 
such issues: ontology, incommensurability and complementarity. 

The perspectivist approach to science has decisive implications for the discussions on 
realism, constructivism and relativism (Giere 2006a: 4-20, Alrøe & Noe 2012), and 
Ronald Giere has given substantial arguments to show that “perspectival realism is a 
much realism as science can provide” (Giere 2006a: 20). In connection with this general 
discussion, there are also distinct implications for the concept of ontology. The 
perspectivist approach takes a starting point in observation, and thereby primarily in an 
epistemological and constructivist understanding. This does not mean that there is no 
need for an ontological foundation. But this foundation must be in the form of a 
“working ontology” in accordance with the fallibilist nature of science (Müller 2007, 
Noe & Alrøe 2003). The foundational “working ontologies” of scientific perspectives 
are indispensable and must be discussed as intensely as realists discuss “reality”. But it 
remains to be investigated how the working ontologies of different scientific 
perspectives in interdisciplinary research can processed in the framework of second-



17 

 

order science to form a multidimensional working ontology as the basis for polyocular 
understanding. 

Thomas Kuhn’s paradigms are examples of scientific perspectives in our understanding, 
according to his 1969 Postscript to the highly influential “The Structure of Scientific 
Revolutions” (Kuhn 1996), where he suggests the term ‘disciplinary matrix’ as a more 
precise term for ‘paradigm’ (Alrøe & Noe 2011: 159). But where Kuhn and the 
Kuhnian tradition generally have a historical, diachronic focus on how paradigms may 
shift within a single scientific field (scientific revolutions), we focus on the synchronic 
differences across disciplines and perspectives in line with Maruyama (1974). Kuhn’s 
views on the incommensurability between consecutive paradigms correspond to 
problems in integrating and communicating across perspectives in cross-disciplinary 
work (Alrøe & Noe 2011). But where Kuhn uses a language metaphor, talking of the 
untranslatability between different paradigms (Chen 1997), the perspectivist approach 
points out that the reason why it is difficult to communicate across perspectives, is 
because each observational perspective has its own phenomenal world – its own 
representation of the world entailed in theories, models, concepts, classifications and 
examples. The perspectival understanding of incommensurability is a deeper reason 
than language, tied into the specific observational apparatus and the specific forms of 
interaction provided by it. Despite the common features, our synchronic and explicitly 
perspectivist approach leads to other questions and other answers than Kuhn’s, and this 
can provide a new angle on the contested issue of incommensurability. 

As we have argued, polyocular communication can only happen with reference to a 
shared dynamic object which is observed through different scientific perspectives; and 
we must expect this to sometimes bring forth mutually excluding representations of the 
research object, that is, complementary phenomena in Niels Bohr’s sense. Bohr and 
others have pointed out that there are complementary phenomena in a range of other 
areas of science beyond quantum physics (e.g. Favrholdt 1999, Folse 1985), but very 
little has been done to investigate what complementarity means for cross-disciplinary 
research (Alrøe & Noe 2011). Some of the tasks for such an investigation are to develop 
a typology of forms of complementary phenomena, and use this typology to identify 
forms of complementarity between scientific perspectives and their relation to the 
general conditions for observation. Based on this, an analysis can be made of what role 
complementarity plays in cross-disciplinary research, how scientific disagreements may 
be connected to the complementarity of scientific perspectives, and what this means for 
the options to produce unambiguous descriptions of complex phenomena through 
second-order science.   

Conclusion 

The paradoxical challenge of solving (or mitigating) wicked problems is that they can 
only be observed and addressed through particular perspectives, but a common solution 
is needed. Polyocular research and polyocular understanding is a way to transgress this 
paradox, and in this paper we have outlined a polyocular framework for wicked 
problems which forms a radically new basis for planning and performing 
interdisciplinary research. There are five principles for second-order science of 
interdisciplinary research; it must: (1) draw on the observations of first-order 
perspectives, (2) address a shared dynamical object, (3) establish a shared problem, (4) 
rely on first-order perspectives to see themselves as perspectives, and (5) be based on 
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other rules than first-order research. The polyocular framework can be characterized in 
a three by three matrix of observational levels and research phases. The observational 
levels are the level of familiar research work (1. order observation), the level of 
dynamical objects that are hinted at in scientific observation, but which cannot directly 
enter into scientific communication (0. order observation), and the level of polyocular 
observation and communication of observations made by different scientific 
perspectives (2. order observation). The three essential research phases follow the 
conventional problem solving approach, and at the level of second order observation the 
three phases are polyocular problem making, polyocular synchronization and polyocular 
understanding. Polyocular vision can reveal new observational dimensions that cannot 
be observed from any first-order perspective, like binocular vision can reveal depth or 
distance. Solving (or mitigating) complex problems requires the participation of 
stakeholders. In phase one they are needed to establish a shared problem, and in phase 
three they are equally needed to find and instigate a shared solution. The twofold 
challenge of making the fragmented knowledge of science accessible to stakeholders 
and making the diverse interests and perspectives of stakeholders accessible to science 
can only be overcome by making both scientific and stakeholder perspectives explicit, 
and by grounding the polyocular communication on everyday language that is 
accessible to the diversity of stakeholders and scientific experts. The idea of polyocular 
understanding can also provide a very different input from science to democratic debate 
and political decision making: a coordinated and intelligible perspectival understanding 
based on multiple perspectives. There is a harsh competition with monocular answers 
that offer a more extensive reduction of complexity, but polyocular inquiry and learning 
could help us overcome the paradox of scientific expertise by enabling us to better 
handle perspectival knowledge differences.  

The main challenge for implementing the polyocular framework is that this is a 
paradigmatic shift compared to traditional thinking about multi-, inter-, and trans-
disciplinary research; a shift to what may be labelled as “post-disciplinary research” 
(sensu KH Müller), which retains the strengths of first-order science but adds the 
strengths of second-order science. This challenge is accentuated because the new 
framework for interdisciplinary research is decisively constructivist and perspectivist, 
whereas some of the first-order scientific perspectives that are required to take an active 
part in the framework may have a more realist view of science. In other words, the 
successful implementation of this new framework demands that those involved in the 
interdisciplinary research, at least to some degree, subscribe to the perspectivist view. 
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