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tem differentiation is described as a “process 
of increasing complexity” (ibid: 18), which 
is an autopoietic process of reproduction. 
Reproduction “offers possibilities for form-
ing within the system a new system having 
its own system/environment difference …” 
(ibid: 258), which might survive longer than 
the former system.

« 22 » Applying different lenses to de-
scribe the system/environment distinction 
helps to understand complex systems and 
environments. to make this explicit, we 
study a farming system. We describe the 
first distinction between the farming system 
– defined as a social system or a biological 
system – and the agricultural industry as 
the environment. In a farming system we 
define animals as a system (binary code: to 
live/to die), while environment is all kinds 
of fodder. of course animals (“non-rooted” 
organisms) communicate differently than 
grasses (meadows, pastures) (“rooted” or-
ganisms) do. They do not depend on each 
other, they follow different genetically de-
fined communication procedures, and their 
reproduction is obviously different. Another 
distinction is that of a cow’s stomach (sys-
tem; binary code: to digest/not to digest) 
and an animal (environment); and finally 
there is a distinction between the stomach 
(environment) and a microorganism com-

munity (system; binary code is to duplicate, 
to divide/not to duplicate). We neither argue 
that these distinctions are “part (system) of 
the whole (environment)” nor that they fol-
low a spatial concept. Both are perspectives 
of general systems theory, but not relevant 
for this commentary. What we provide are 
always independent system/environment 
distinctions. All named systems are auto-
poietic, exist through internal functions and 
operations, and are self referentially closed; 
and in the sense of Luhmann they are social 
(communicating), and also biological (liv-
ing) systems. 

Conclusion
« 23 » Regarding our first question, 

there is huge potential to reflect upon and 
integrate diverse system/environment dis-
tinctions. Von Uexküll’s terminology offers 
several ways to describe environments, but 
they are not precise enough as he was not 
aware of the issue of the observer’s construc-
tion of diverse system/environment distinc-
tions. With respect to our second question, 
we argue that his interest was mainly in sys-
tems, system/environment distinctions, and 
system/environment interconnectedness, 
while the environment itself remained a 
complex (§66) black box. Von Uexküll pro-
voked us to see various environments and 

reflect upon his perspective in the context of 
Luhmann’s system theory. Applying multi-
perspectivity to the system/environment 
distinction is of practical relevance when 
compromises between different system/en-
vironment realities are needed. In negotia-
tion processes, these insights could help to 
make the roots of contradictory positions 
visible and to identify ways to better under-
stand alter ego arguments. of course there 
is the need to introduce the added value of 
these diverse constructs of environment in 
order to deal with wicked problems. 
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authors’ Response: systems, 
Environments, and the Body
Hugo F. Alrøe & Egon Noe
> upshot • In our response we focus on 
how different types of systems are relat-
ed from a constructivist perspective, and 
specifically on the relation between com-
municational social systems and embod-
ied agency.

Introduction
« 1 » We are happy that our article “ob-

serving Environments” seems to have struck 
a chord that resonates with other research-
ers, and which has resulted in three open 
Peer Commentaries that offer extensions, 
complementary notions, and further per-
spectives. 

« 2 » tom Ziemke is concerned with the 
construction of robotic systems that inter-
act with and adapt to their environments, 
focusing on the role of the body in situat-
ed and embodied cognition. In doing this, 
Ziemke finds little use for Niklas Luhmann’s 
work since Luhmann does not address in 
sufficient detail the relevance of the biologi-
cal level for a theory of meaning and there-
fore has little to say on embodied learning 
and adaptation.

« 3 » Karl-Heinz Simon takes an op-
posite approach, focusing mainly on Luh-
mann, even when discussing organisms, 
and thereby resolving the claimed contra-
diction between autonomy and dependency 
of systems with the concept of structural 
couplings.

« 4 » These two commentaries thus 
choose to either disregard Luhmann’s work 

or disregard other constructivist theories. 
Thereby, they indirectly highlight the diffi-
culties that we investigated in our article in 
discussing the environment across different 
constructivist theories. 

« 5 » Bernhard Freyer & Rebecca Louise 
Paxton on the other hand, tackle the prob-
lem of using Luhmann’s theory together 
with other constructivist theories, though, 
not surprisingly, in a less specific manner. 
Freyer & Paxton work in a field similar to 
ours, with agriculture, food, health, and 
wicked environmental problems. This calls 
for transdisciplinary research with multiple 
perspectives. Therefore they accept the ne-
cessity of working with different construc-
tivist theories across the biological and so-
cial level. 

« 6 » together, the three commentaries 
suggest a need to look in more detail at how 
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different types of systems are related and 
specifically at the relation between social 
systems and embodied agency. 

types of systems and perspectives
« 7 » According to Luhmann (1995: 

2), there are systems of different kinds and 
at different levels. He distinguishes four 
kinds of systems below the level of systems 
in general: social systems and psychic sys-
tems, which can be characterised by their 
use of meaning, and machines and organ-
isms, which do not use meaning. Ziemke 
disagrees with Luhmann on the relevance of 
meaning for organisms and machines, and 
says that the distinctions between machines 
and organisms are becoming still more 
blurred due to developments in robotics and 
related areas. We agree, but a deeper ques-
tion is what we may mean by “system” in a 
constructivist sense. 

« 8 » In our article (§38), we discuss 
how Luhmann advises against other uses of 
“system” than a self-referential system that 
distinguishes itself from the environment - 
such as in the common use of “ecosystem” 
where ecological interdependencies are tak-
en to designate a “system” (e.g., Luhmann 
1989: 150). We appreciate the strength of 
the self-defining systems concept. But this 
does not make us refrain from questioning 
the “ontological status” of the systems we 
speak of.

« 9 » If we think about a farm as a sys-
tem, we insist that it is a self-organising sys-
tem (e.g., Noe & Alrøe 2006). But the farm 
is not merely a social system, or merely a 
biological system. A farm is a heteroge-
neous system that is biological, technologi-
cal, and sociological at the same time. What 
we mean by this is not that the farm is some 
kind of “ontological hybrid” of different 
systems. What we mean is that a farm can 
be meaningfully observed from a range of 
specialised perspectives, including social 
systems theory. “System” is a perspectival 
concept.

« 10 » Given the above, the farm is a 
social system, an organisation, in the sense 
that it can be described in terms of com-
munications and that it distinguishes itself 
from its environment. The farm is also a 
physical system, in the sense that it can be 
observed from the perspective of physics, 
chemistry, geology, etc., and be described 

in terms of energy, material flows, chemical 
processes, mechanical structures, etc. Here, 
the “system” is not very well defined and 
borders of the system have to be constructed 
from outside. The “farm as a physical sys-
tem” thus cannot compete with the “farm as 
social system” on Luhmann’s conditions for 
being a system.

« 11 » But we may also say that the farm 
is an organism, or a cyborg, in the sense 
that it can be described in terms of adapta-
tion, senses, behaviour, etc., and that it has 
a body that matters. From this perspective, 
the farm is a self-organising system that 
maintains its own organisation and produc-
es (some of) its own components in terms 
of recreating soil fertility, breeding stock 
animals, growing seeds for the next season, 
bringing up successors, reproducing knowl-
edge and practices, etc. (Noe & Alrøe 2006). 
This perspective on farms can be found in 
organic and, especially, biodynamic agricul-
ture (Paull 2006).

« 12 » Farms are different and different 
perspectives may not be equally fitting or 
fruitful for all farms. For some farms, such 
as a modern Danish pig farm enterprise that 
relies on a host of externally produced in-
puts and that has several employees, a man-
agement board, a wide range of advisors and 
suppliers that enter into farm operations, 
couplings to legal, economic and scientific 
systems, etc., the “farm as social system” 
perspective can be very fruitful for under-
standing how the farm works, and the “farm 
as organism” perspective less so. For other 
farms, such as a traditional subsistence farm 
that relies entirely on internally produced 
inputs and that has only the family working 
on it and no advisors or suppliers, it may be 
the other way around. But in neither case 
will one perspective be sufficient for un-
derstanding the empirical dynamics of the 
system.

Communicational systems 
and embodied cognition
« 13 » The farming system is just an ex-

ample to indicate the issue we are trying to 
explicate. We need to talk about complex 
dynamical objects, such as “a farm,” but we 
only have the immediate objects of differ-
ent specialised perspectives at our disposal, 
such as “the farm as social system” and “the 
farm as organism” (cf. Alrøe & Noe 2011). 

Luhmann’s social systems theory is not ex-
empt from being a specialised perspective, 
even though it is “universal” in the sense 
that it is able to observe itself as a social sys-
tem. 

« 14 » Ziemke stated that in the case of 
embodied cognition and learning in robot-
ics, Luhmann’s social systems perspective 
does not have much to offer. Perhaps an-
other example can illustrate the issue more 
directly. A scientific perspective, such as a 
specialised discipline like soil physics, can 
be observed as both a communicational 
and a cognitive system. As a social system, 
it establishes its own communicational or-
ganisation in the form of conferences, jour-
nals, peer review systems, email discussion 
lists, web pages, diagrammatic tools, etc. 
As a cognitive system, it creates its own or-
ganisation by establishing observation in-
struments, experimental facilities, research 
platforms, indicator systems, interactive 
models, computing equipment, etc. Embod-
ied learning is an important aspect of sci-
ence as a cognitive system, but not visible in 
science as a communicational social system. 

« 15 » The same things can be said of a 
society. Society can be observed both as a 
social system that creates its own commu-
nication structures, and as an organism, or 
cyborg, that creates its own organization in 
terms of, e.g., transport infrastructures, cit-
ies, communication technologies, food and 
energy production. These different perspec-
tives will enable us to observe different as-
pects of “society” as a dynamical object, and 
each have their blind spots. Aspects such as 
embodied cognition, learning and adapta-
tion, embodied agency, sensorimotor skills, 
Merkwelt and Wirkwelt, monitoring sys-
tems, etc. may prove equally important to 
communication, functional differentiation, 
and structural coupling when addressing 
wicked environmental problems of modern 
societies.

Dependency of systems on their 
environment
« 16 » Is human society dependent on 

its environment or is it independent of the 
environment? Freyer and Paxton (§12ff) 
discuss this question in their commentary. 
The question is pressing when we talk about 
wicked environmental problems, and when 
ecological economy speaks of the depen-
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dency of society on ecosystems and plan-
etary boundaries for human influence. 

« 17 » According to Simon (§§10–14), 
referring to Luhmann’s writings, there are no 
direct causal connections leading from envi-
ronmental conditions to societal responses. 
Instead the relationship is described in the 
form of structural couplings. 

« 18 » However, the environment of so-
ciety consists primarily of psychic systems, 
and Luhmann does not have much to say on 
the relation between a psychic system and 
the organism or body, nor on the relation to 
machines or technology. It is not clear how 
resonance and irritation can take place be-

tween different types of system. Therefore 
the dependency of society on the environ-
ment through structural couplings is, from 
an analytical viewpoint, rather indirect and 
unclear. Things such as feeling, value and 
empathy, which are important for taking ac-
tion against environmental problems, can 
easily get lost through the series of structur-
al couplings that link social communication 
and the body. 

Conclusion
« 19 » The cases of farming systems, 

scientific disciplines, and embodied cog-
nition in robotics challenge Luhmann’s 

simple and rather conventional typology of 
systems. This is not the place to take up this 
challenge, but the commentaries encourage 
us to reiterate the recommendation in the 
target article. Luhmann’s theory of com-
municational social systems is a helpful 
perspective on the wicked environmental 
problems of society, and we need to con-
sider how best to apply the theory in con-
junction with other perspectives such as 
the embodied learning perspective on soci-
ety as an organism.
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