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Abstract 
The systems sciences are based on a universal language of systems which can be used within most 

academic disciplines in their endeavors for exploring the world. Currently, systems sciences cover a 
wide variety of different approaches like complex adaptive systems, resilient systems or systems 
engineering. One of the future extensions of the systems sciences comes through the applications of 
second-order systems science as a new field of reflexive studies on first-order systems science. This 
article provides a general background on the relations of first-order science and second-order science 
in general and then goes on to sketch a basic outline for the second-order systems sciences and their 
potentials for quality control and for innovations for the first-order systems sciences. 
 

Currently, the overall science system 
undergoes a series of great transformations which 
have been summarized in recent years as a phase 
transition from Science I to Science II 
(Hollingsworth & Müller 2008, Müller & Toš 
2012) or, more generally, from It-Science to 
Bit-Science (Müller 2017) where Science I or 
It-Science covers the period of the early days of 
science in the 15th century up to the phase 
between 1940 and 1960 and Science II or 
Bit-Science reaches from the decades between 
1940 and 1960 to the year 2017 and well beyond. 
Science II arose in the two decades between 1940 
and 1960 which, according to Nicholas Rescher 
(1978), can be seen as a period of new cognitive 
horizons and of a high level of openness for new 
research fields to follow, including a wave of new 

inter- and transdisciplinary research programs 
like the systems sciences or cybernetics.  

These great transformations between Science 
I and Science II rest on two general shifts, namely 
a shift towards significantly higher levels of 
complexity on the one hand and changes to 
higher degrees of reflexivity on the other hand. 
With respect to reflexivity, the backbone of 
higher degrees of reflexivity is based on a 
differentiation of the science system itself from 
its single-level configuration to a three level 
ensemble which can be introduced as zero-order 
science, as first-order science and as 
second-order science. The article will present an 
overview of this level differentiation, the rise of 
second-order science and the new opportunities 
for second-order systems sciences within the 
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general domains of second-order science  
 
1. The Emergence of Second-Order 

Science 
In recent decades a broad range of new 

phenomena and processes within science 
became more and more visible which, finally, 
led to a reconfiguration of the overall science 
system altogether. 
 
1.1 A Differentiation of Science Levels 

These new phenomena and processes can be 
summarized into four partially conflicting 
groups which led to more and more tensions and 
stress within the overall science system. 
 First, spectacular long-term growth 

processes of the global science system 
occurred in terms of institutes, personnel 
or publications as an ongoing secular 
trend after the end of World War II. For 
example, the total expenditures in R&D 
in the United States amounted to less 
than 20 billion US$ throughout the 
1950s and rose in real terms more than 
700% to well above 140 bio. US$. Using 
another indicator, R&D expenditures as 
a share of GDP were well below 1% 
during the 1950 and moved steadily to 
its current 3% Barcelona target. 

 Second, equally remarkable was the 
widening, deepening and hightening of 
research fields and topics because most 
of the money for R&D around 1950 
was restricted to defense purposes only 
whereas the 140 bio. US$ are currently 
distributed almost equally between 
defense and non-defense expenditures. 
Thus, these expansionary processes saw 

the rise of numerous new 
sub-disciplines and hybrid fields as 
well as new transdisciplinary syntheses 
like systems sciences, cybernetics, 
information sciences, etc. 

 Third, research infrastructures began to 
develop an existence of their own, first 
in the form of stand-alone large scale 
research facilities and then through 
numerous institutionalizations for 
different scientific disciplines. 
Research infrastructures experienced a 
significant take off in their 
institutionalization through the 
establishment of large-scale operations 
and organizations. CERN, for example, 
started its operations with a 
synchrocyclotron and a proton 
synchrotron during the 1950s, the 
nuclear research centre in Jülich in 
Germany was founded in 1956, etc.  
But these large-scale facilities were not 
restricted to disciplines like astronomy 
or high energy physics. In the 1960s 
social science data archives appeared 
on the European science map and 
observatories moved outside the field 
of astronomy to the oceans or to the 
arctic. Research infrastructures became 
a special support-level for science over 
the last decades. Within the European 
context a series of roadmaps for 
research infrastructures across all major 
science fields were developed (ESFRI, 
2006, 2008, 2011).  

In 2006, the European Strategy 
Forum on Research Infrastructures 
(ESFRI) produced its first map of 
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future European research infrastructure 
facilities which comprised an ambitious 
program for new European research 
infrastructures across all relevant 
science fields. For example, the 
ESFRI-roadmap 2011 distinguished 
between research infrastructures for six 
broad disciplinary clusters, namely for 
the social sciences and humanities, 
biological and medical sciences, the 
environmental sciences, materials and 
analytical facilities, energy sciences, 
and physical sciences and engineering. 

 Fourth, aside from these growth 
processes in science inputs and outputs, 
the increasing heterogenization and the 
rise of research infrastructures the 
production processes within the science 
system changed dramatically from its 
paper, pen and typewriter settings in the 
1940s to a new generation of 
information and communication 
technologies (ICT). Moreover, the 
scientific laboratories were equipped 
with an ICT-support structure that 
enabled a shift in the knowledge base 
from a material knowledge base of 
articles, books and libraries to a digital 
and globally accessible knowledge base. 
Generally speaking, this transformation 
can be described more generally as a 
shift from It-Science to Bit-Science. 

As a result of these four conflicting trends, 
namely large-scale growth processes from the 
1940s onwards, the accumulation of more and 
more heterogeneous elements within the science 
system, the strong increase of scientific research 
infrastructures and the transition from a material 

knowledge base to a digital global knowledge 
base gave rise to an evolutionary differentiation 
''from the homogeneous to the heterogeneous'' 
(Herbert Spencer) and to a functional separation 
into three different levels and types of science, 
namely to zero-order science or the new science 
of digital research infrastructures, to first-order 
science as the traditional form of scientific 
explorations of the world and to second-order 
science as a new reflexive type of science with 
an exclusive emphasis of analyzing the inputs 
and outputs of first-order science. Figure 1 
summarizes the new three-level configuration 
for contemporary science landscapes and can be 
described in more details in the following 
manner: 

Figure 1 A new architecture of contemporary 
science landscapes: three principal levels of scientific 

operations 
 
 Science as the way of exploring the 

world continues in its traditional mode 
of operations, but loses its exclusive 
position and will be classified as 

Second-Order Level 

First-Order Level  
(Normal Science) 

Zero-Order Level  
(Research Infrastructures) 
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first-order science. The first-order level 
of research as well as first-order 
science can be characterized in the 
tradition of Thomas S. Kuhn as a 
problem-solving operation for the 
explorations of the natural and social 
worlds as well as for the construction of 
a technological sphere and for the 
organization of the possible worlds of 
logic, mathematics and related 
normative fields. Scientific research at 
the first-order level as first-order 
science continues to be the reference 
area for scientific activities. All 
investigations on empirical themes 
across nature and society, on technical 
or technological systems or on 
normative issues in logic, mathematics, 
statistics, ethics or aesthetics fall all 
under the category of first-order science. 
Approximately 90% of scientific 
activities are currently still undertaken 
at the first-order level and this value 
could be reduced in the future to 
approximately 65 – 70%. First-order 
science will remain the major element 
of the global scientific enterprise, but it 
will not be the only component or the 
only level of studies and investigations. 

 The research infrastructures for science 
advanced with high speed as well 
during the last decades and were 
supported by a new wave of digital 
research infrastructures and 
IC-technologies. In the 1950s and 
1960s the access to relevant scientific 
outputs, journals, research-projects and 
similar domains was still very much 

restricted, being high in a few places 
with an advanced environment of 
universities, research institutes and 
libraries and being notoriously low or 
non-existent in most parts of the world. 
Today these restrictions are almost 
completely abolished and the access to 
recent scientific outputs, new journal 
articles, books, research reports and the 
like is very high even in remote areas 
of the world, due to the worldwide web 
and its enormous and still expanding 
contents. This new zero-order level 
constitutes the expanding kingdom of 
research infrastructures which perform 
vital catalytic functions of enabling or 
of accelerating first-order research. The 
catalytic functions of research 
infrastructures are accomplished in 
three different forms. 
 The first type is based on large-scale 

observation, measurement and 
experimental facilities and their 
production of a rich data variety 
which contains relevant observations, 
measurements and experimental data 
for first-order research. 

 The second type operates with the 
documentation and the archiving of 
relevant research data or documents 
and through the institutionalization of 
permanent data or document 
archives. 

 Finally, the third form builds and 
utilizes a rich coded information base 
which is composed of bibliometric 
and scientometric documentations. 

All three forms in combination should 
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increase in relevance during the next decades. In 
terms of academic disciplines research 
infrastructures are operative for clusters of 
scientific disciplines, not for a single discipline 
or field. Due to their unified digital base, they 
belong to the zero-order level of science 
landscapes and constitute the area of zero-order 
science which can be combined across 
disciplinary clusters as well to a highly 
interlinked domain of research infrastructures. 
 Aside from the growth of the science system 

as first-order science and its vastly expanded 
research and information infrastructures as 
the new level of zero-order science, another 
very large-scale change came as a 
self-organizing attempt by scientists 
themselves to cope with the growing number 
of studies, tests, results and the like which 
used similar or identical designs, approaches 
or explanatory schemes and which differed 
only in time, space and in research groups 
from one another. This self-organized 
reaction can be summarized under a single 
heading, namely as meta-analysis 1  which 
was first proposed by Gene V. Glass, an 
educational scientist2, in the year 1976. Glass 
distinguished between primary and secondary 
data analysis on the one hand and 
meta-analysis on the other hand where he 
described a meta-analysis as a collection of 
all relevant studies on a highly comparable or 

1  On the group of early meta-analyses, see, for 
example, Hedges & Olkin (1985), Hunt (1999) or 
Hunter & Schmidt (1990). 
2 See Glass (1976). Glass was the first researcher 
who drew a distinction between primary, secondary 
and meta-analysis and was also one of the first 
authors of a book on meta-analysis, namely Glass & 
McGaw & Smith (1981). 

identical topic and as a systematic analysis of 
the data pool of these studies. Glass 
introduced meta-analysis as ''the analysis of 
analysis'' and as  

''a statistical analysis of a large collection of 

analysis results from individual studies for the 

purpose of integrating the findings. It connotes a 

rigorous alternative to the casual, narrative 

discussions of research studies which typify our 

attempts to make sense of the rapidly expanding 

research literature.'' (Glass 1976)  

Table 1 shows that meta-analyses in 
psychology, for example, were practically absent 
during the 1960s and emerged one year after the 
publication of Gene V. Glass’ article, albeit in a 
minimal version. By the mid-1980s however, 
meta-analyses turned out to be more frequent 
and from the 1990s onwards meta-analyses 
became an established research field within 
psychology, the social sciences 3 , clinical 
research, economics, business administration, 
and many other areas.  

Meanwhile, meta-analyses cover all 
disciplines and fields across the entire scientific 
landscape. Meanwhile meta-analyses, due to 
their large and growing numbers in comparable 
fields, became objects for meta-meta-analyses 
and this process can continue, in principle, to 
even higher levels. 

From the 1980s onwards, more and more 
statistical methods and tools were developed 
which dealt with biases, spurious effects and 
other failures, due to small sample sizes. The 
important characteristics of meta-analyses can 
be summarized by the following points. 

3  See, for example the handbook article on 
meta-analysis for empirical social research by Wagner 
&Weiß (2014). 
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Table 1 'Meta-Analysis' as keyword in 
psychological abstracts 

Year Number of Counts 

1967-1976 0 

1977 2 

1978 4 

1979 6 

1980 9 

1981 18 

1982 32 

1983 55 

1984 63 

Source: Hunter & Schmidt (1990:40) 

 First, meta-analyses are based on a 
large number of available, directly 
comparable and mostly quantitative 
studies. 

 Second, meta-analyses are performed 
with partly new statistical methods and 
tools which were especially designed 
and developed for pooled data sets.4  

 Third, meta-analyses moved out of their 
initial domains in psychology, medical 
research or education science and 
spread over practically all major 
science fields and disciplines, including 
the life sciences or theoretical physics. 

 Fourth, the prefix ''meta'' has acquired 

4 On the current scope of meta-analysis, see, for 
example, Borenstein & Hedges & Higgins & 
Rothstein 2009, Card 2012, Cooper 2009, Cooper & 
Hedges & Valentine 2009, Egger & Davey-Smith & 
Altman 2001, Hedges & Olkin 1985, Higgins & 
Green 2008, Hunter & Schmidt 2014,  Kulinskaya & 
Morgenthaler & Staudte 2009, Lipsey & Wilson 2000, 
Littell & Corcoran & Pillai 2008, Petticrew & Roberts 
2006, Pigott 2012, Rothstein & Sutton & Borenstein 
2005, Sutton & Abrams & Jones & Sheldon & Song 
2000, Welton & Sutton & Cooper & Abrams & Ades 
2012 or Whitehead 2002. 

very different meanings when applied 
to first-order science domains. In areas 
like metalogic or metamathematics the 
prefix ''meta'' indicates foundational 
issues both for logic and for 
mathematics whereas metapsychology 
or metabiolog5 designate special fields 
within biology or psychology. 
Especially in first-order systems science 
concepts like meta-systems (Heylighen 
et al. 1995) and meta-models (Gigch 
1991) are frequently used in specific 
contexts which are strictly independent 
from second-order science as a 
systemic study of first-order science.6  

The building blocks for second-order science 
are not necessarily restricted to concepts or 
processes only, but can be expanded also to 
theories, models and even entire disciplines. In a 
more formal way a first-order science building 
block X which has been analyzed in a rich 
variety of ways { }Xi  with a re-entry operation 
RE produces { }X Xi , as shown in Figure 2. 

Figure 2 Operating with re-entries (RE) 
 

5  Both metabiology and metapsychology remain 
first-order fields with special exploratory tasks. 
Metabiology can be considered as a recombination 
between genetics and algorithmic information theory 
and metapsychology has a clear focus on a 
client-centered settings with a strong emphasis on 
traumatic stress syndroms. On metabiology see, for 
example, Chaitin 2009 and on metapsychology, see 
Gerbode 2013. 
6  It is for this reason that the new terms of 
second-order level and second-order science were 
chosen instead of the concepts of meta-level and 
combinations between ''meta'' and scientific 
disciplines or fields. 
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Thus, the simultaneous combination of 
overall scientific growth in outputs, personnel 
and publications, an enormous expansion of 
access to scientific research in its inputs and 
outputs, the rise of meta-analyses and similar 
synthetic devices like literature reviews as well 
as the institutionalized take-off of research 
infrastructures had significant effects on the 
basic architecture of science. 

In terms of levels, the science system 
underwent a differentiation from a single level 
into a three level configuration. According to 
this new scheme of Figure 1, modern science, 
after centuries of a single level organization, 
evolved to a three-level ensemble from the 
mid-1950s up to the present time, with a 
first-order level of conventional science research, 
supporting research infrastructures at a 
zero-order level and an area of reflexive 
analyses on first-order inputs or outputs at the 
second-order level. 

1.2 The Functional Necessity of 
Second-Order Science  

The self-organized growth of second-order 
studies like meta-analyses or literature reviews 
did not happen by chance or accidence, but can 
be attributed itself to three underlying factors 
which, in combination, made the emergence of 
second-order science a necessary outcome. 
 First, the rapid expansion of science 

throughout the so-called developing regions 
and especially the growth of science in the 
two countries with the highest population 
numbers, namely China and India, have 
produced a long-term exponential growth 
path in publications which even the 

specialists in small disciplinary niches can 
no longer oversee.  

 Second, the abundance of new publications 
and the resulting new intransparency 
(Jürgen Habermas) brings as one of its 
side-effect that intelligent problem 
solutions, based on the wisdom of crowds 
(Surowiecki 2005), cannot emerge. These 
intelligent problem solutions can only be 
generated if four conditions are met 
simultaneously, namely 
 a diversity of opinion 
 the independence of members from one 

another 
 decentralization 
 a suitable method for aggregating or 

integrating viewpoints 
The diversity of opinions guarantees a 
variation in the knowledge set, 
independence prevents the dominance of 
one or few opinion leaders, decentralization 
supports that errors can balance each other 
out and aggregating the diversity of 
opinions in a coherent and intelligent way 
can lead to wise results which were not 
available when the whole process towards 
aggregation started. Here, second-order 
science, by collecting the diversity of 
opinions and providing a method for 
aggregation and integration, can use this 
inherent wisdom of crowds. 

 Third, another argument for second-order 
science can be put forward which is based 
on an inversion of novelty. This inversion 
of novelty assumes a shift in the sources of 
scientific inventions, innovations and 
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radical breakthroughs7 from the dominant 
mode of exploring the world to the 
reflexive mode of focusing of the already 
available scientific outputs, resources, 
publications and the like. Figure 3 captures 
several of the characteristic elements of this 
novelty inversion with a focus on the social 
sciences.8 

SOSCI: Social Systems    S: Society  

Vertical axis: Increases of novelty/innovations      

Sciences 

Figure 3 An inversion of novelty in the social 
sciences within contemporary and future science 

landscapes 
 

Moreover, this inversion of novelty should 
have significant implications also for science 
policy and for teaching or curricula 
developments. On the left-hand side of Figure 3 
one can see the expansion of the social sciences 
in their explorative mode on the social and 
societal worlds which is represented by the 
lower half of an S-shaped curve with high 
increases in novelty or social science 
innovations.  

7 On radical breakthroughs in science, see especially 
Hollingsworth & Hollingsworth (2011). 
8 It must be emphasized that the focus on the social 
sciences does not restrict the inversion of novelty to 
this science segment alone. The inversion of novelty 
affects also the humanities, large areas of medical 
research and, albeit to a lesser degree, selected areas 
from the natural and the technical sciences. 

The inversion of novelty comes about in the 
right-hand part of Figure 3 which shows that 
novelty in the social sciences is based to a 
diminishing extent on the advances of 
explorative social sciences, on the exploration of 
new topics and domains or on the construction 
of new models or theories. Rather, high levels of 
novelty and innovation in the social sciences 
occur in reflexive analyses of already completed 
social science elements like theoretical concepts, 
models or publications. 

This inversion of novelty can be supported 
with the help of two examples from different 
domains, again taken from first-order systems 
sciences. 
 First, with respect to theoretical concepts in 

the social sciences like standards of living 
or quality of life it becomes more and more 
difficult, due to a rich variety of already 
available versions, to produce significant 
new insights through adding another 
version for these two already very 
diversified concepts. However, an 
investigation on the available versions of 
these two concepts should produce new 
insights on the scope and on the main 
domains of these two theoretical terms, on 
robust relations between different segments 
or aspects of standards of living and quality 
of life or on their mutual dynamics. 
Additionally, these reflexive investigations 
can be extended to a study on the scope of 
living conditions and on quality of life 
combined which will produce, in all 
probability, new insights into the 
differences and similarities between these 
two concepts. (See also Müller 2013b) 

 Second, evaluating, for example, a specific 
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system like a university system, an 
academy of science system or a national 
system of innovation for the nth time will 
produce, in all probability, less innovative 
content than a reflexive investigation of the 
n-1 evaluation reports so far and of their 
relations to the overall societal dynamics, 
including political changes.9 Moreover, a 
rich variety of different reflexive evaluation 
designs can be implemented, in principle, 
so that the outputs of these reflexive 
evaluation studies on already available 
evaluations are capable of producing 
significantly higher degrees of novelty than 
a renewed analysis, given the already 
available results of previous evaluations. 

As time goes by, the accumulation of more 
and more studies, articles or results in the 
first-order sciences should strengthen and 
intensify the assumption of an inversion of 
novelty which is not only limited to the social 
sciences, but to the science system in general. 
This, in turn, would imply that reflexive 
research changes, in due course, from a strange 
and peripheral issue to a sheer necessity for the 
contemporary or the future global science 
system. 

2. The Rise of Second-Order Systems 
Science 

After a short summary on the rise of 
second-order science in general, the focus will 
shift to the systems sciences and their patterns of 
diffusion and institutionalization from the 1940s 
onwards.  

9 For more details, see Müller (2013a, b). 

2.1 The Far-Reaching Scope of the 
First-Order Systems Science 
The systems sciences emerged within the 

field of biology which in the wake of the 
Darwinian synthesis also aimed to differentiate 
itself from common physical ensembles and was 
focused on general characteristics of biological 
configurations. At first, the rather momentous 
differentiation efforts went unnoticed in Central 
Europe, since both theoretical biology and the 
Gestalt-psychology in Berlin 10 viewed the 
specific characteristics of biological systems on 
the basis of how they transport material and 
energy and how they maintain their order and 
organization. Under the heading of open and 
closed systems, a terminology and a model core 
of self-regulating biological systems was 
developed mainly after Ludwig von 
Bertalanffy’s move to the USA, whose relevance 
should quickly reach far beyond the original 
domains (cf. Bertalanffy 1968, 1981). This 
added systemic surplus value already found its 
obvious organisational expression in 1954 when 
four people during a research assignment in Palo 
Alto, namely Ludwig von Bertalanffy (biology), 
Kenneth Boulding (economics), Anatol 
Rapoport (mathematics), and Ralph Gerard 
(physiology), decided to found the ''Society for 
the Advancement of General Systems Theory''. 
Later on, in 1956, the aforementioned group, 
together with the psychologist James G. Miller 
and the anthropologist Margaret Mead, then 
changed this society for the advancement of 

10 For more information see the still very interesting 
description by Wolfgang Köhler, who proposes that 
one essential feature of biological systems is that they 
maintain themselves as far away as possible from the 
state of thermo-dynamic equilibrium (cf. Köhler 
1969:62, orig. 1938). 
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systems theory into an ''International Society for 
the Systems Sciences'' (ISSS) where an 
interesting move was made from a general 
theory of systems to a cluster of systems 
approaches across various scientific disciplines. 

Subsequently, this trans-disciplinary 
initiative would gain an unexpected and most 
probably unintended level of significance within 
only a quarter of a century. Four specific aspects 
that contributed to the transformation and 
mutation of systems theory to the systems 
sciences should be noted in particular. 
 First, one can clearly see that systems 

theory which originated from the field of 
biology spread very quickly to all kinds of 
other disciplines. Yet this expansion to new 
and additional fields of application also 
went hand in hand with a certain loss of 
depth or theoretical strength since during 
the course of its diffusion systems theory 
was gradually being turned into a universal 
form of systemic descriptions and 
depictions – a systems language – for all 
kinds of scientific topics. This systemic 
language had a seemingly natural appeal 
and constituted a self-organised follow-up 
to the old idea of a common unity of 
science language for the entire scientific 
realm. And despite some variations among 
individual disciplines, the systems language 
became the lingua franca for most scientific 
areas. An early reader with classical texts 
on systems research which was published 
in 1969 only deals with the core and the 
environments of open systems where 
organisational research and management 
appeared clearly as secondary topics only 
(Emery 1969). When the second volume 

was published in 1981, again under the 
significantly general title ''Systems 
Thinking'', it contained some basic systemic 
texts but now also included several 
contributions on ''individuals and groups'', 
''communication'', ''ecosystems'', 
''government and controllability'', etc. 
(Emery 1981). 

 Following this trend, a little more than 
twenty years after the establishment of a 
primarily biologically oriented general 
systems theory, a conference was held in 
Versailles about ''New Trends in Systems 
Analysis'', discussing such topics as the 
''Control of Distributing Systems'', 
''Industrial Robots and the Application of 
Micro-Processors'', ''Systems Analysis and 
Energy'', ''Economy'', as well as 
''Environment and Pollution'' (Bensoussan 
& Lions 1977).11 

 Irrespective of this new and universal 
systemic mode of descriptions, however, a 
small repertoire of models and research 
efforts still focused on finding universal 
laws, patterns and mechanisms that could 
be applied in any number of disciplinary 
fields – a universal theory of systems. The 

11  Towards the end of the 1970s, Mario Bunge 
published his two-volume edition about ontology and 
systems language (Bunge 1977, 1979), which was, for 
the time being, a summary of all systemic 
terminology as well as of its application in different 
areas, including the self-application to conceptual 
systems, followed by two coherent volumes on 
epistemology and methodology (Bunge 1983a, b). By 
the beginning of the 1980s, various collections on this 
topic had started to include other fields as well, such 
as biomedicine, engineering, offshore structures, 
non-linear programming, traffic and transport, 
economic sciences, and many others (Balakrishnan & 
Thoma 1984). 
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most significant branch can be associated 
with Jay Wright Forrester (1961, 1968, 
1969, 1971) and the application of systems 
dynamics and system dynamic models to 
industries, cities and the world, culminating 
in ''Limits to Growth'' in 1972 by Donella H. 
Meadows (Meadows et al. 1972, 1991, 
Meadows et al. 2004) But this more 
theory-laden direction reached its peak 
around the early 1970s and was to loose 
much of its momentum during the 1980s 
and 1990s. 

 Another characteristic feature of early 
systems research lies in the idiosyncratic 
role that was taken by theoretical sociology. 
Already at a very early stage, in 1951, 
Talcott Parsons presented his draft on social 
systems, which would – among other things 
– also have a large and dominant effect on 
the establishment of US-based sociology 
schools throughout the 1950s. 12 Yet this 
particular sociological branch within 
systems research turned out to be an 
evolutionary cul-de-sac, soon to be 
replaced by systems-free alternatives in the 
1960s and was seen as a rather obstinate 
marginal area even within systems research 
itself.13 

12 It almost seems that sociology traditionally used 
and participated in these changes within the systems 
program rather selectively. The biologically inspired 
theory pertainig to autopoietic systems, for instance, 
was also taken up in a thoroughly unique and 
idiosyncratic manner by Niklas Luhman (1984) and 
should, just like Parson’s synthesis, become highly 
significant within the field of sociology, but not 
within systems research. 
13 Stafford Beer's overview of the most important 
approaches in systems research, for example, doesn’t 
even mention Talcott Parsons’ work (cf. the diagram 
arranged in concentric circles in Stafford Beer 1994, 
orig. 1979). 

But all in all, the establishment of the 
systems sciences has indeed brought a new inter- 
and trans-disciplinary set of descriptive and 
explanatory tools across the disciplinary 
landscapes. 60 years after the founding of a 
Society for the Advancement of Systems Theory, 
the systems sciences deal with natural and 
environmental systems, technical systems, social 
and socio-economic systems or cosmic systems 
and they can be differentiated in space, time and 
complexity levels. 
 Space: Local systems, regional systems, 

national systems, supranational systems, 
global systems 

 Time:  Short-term systems, medium-term 
systems, long-term systems 

 Complexity: Simple systems, complex 
systems, hyper-complex systems 

 Dynamics: Static systems, dynamic systems, 
resilient systems, etc. 

Currently, the first-order systems sciences 
can be recombined in various ways as shown in 
the ISSS-Conference in Boulder 2016 which 
was separated into the following areas. 
 Systems Thinking for Systemic 

Sustainability: The challenge of system(s) 
sustainability, towards holistic system(s) 
theory 

 Global Science and Assessments: 
Complexity of human and natural system(s) 
research, crisis science (anticipatory and 
real-time) 

 Cultural, Ethical, and Economic Wisdom: 
Making sense in economics, ethics, and 
policy, multi-cultural wisdom 

 Engineering and Systemic Synthesis: 
Engineering sustainable systems and 
technology, prospects for scientific 
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systemic synthesis 
 Education, Communication, and Capacity: 

Human capacity & student research, 
systems literacy education and outreach 

Thus, the disciplinary landscapes of the 
systems sciences at the first order level can be 
organized and described in a rich number of 
ways. Below one can see an incomplete list of 
various differentiations that demonstrate that the 
first-order systems sciences are populated by a 
large number of special domains and present 
themselves in a multiplicity of landscapes. 
 Dual systemic differentiations with a 

separation into two very large-scale 
systemic domains (for example, natural and 
societal systems, quantitative and 
qualitative systems, static and dynamic 
systems, etc.) 

 Main systemic fields (3, 4, , N) which are 
composed of different domains of systems 
(for example, natural systems, 
environmental systems, technical systems, 
social systems) 

 Operational contexts of scientific observers 
with, for example, measurement and 
observation systems, monitoring systems, 
explanatory systems, etc. 

 Segmentations into different systemic 
research themes with, for example, 
sustainable systems, resilient systems, risk 
systems, etc. 

Thus, over the last decades the first-order 
systems sciences have undergone a highly 
diversified diffusion process across all major 
scientific disciplines and become, thus, a 
universal language for science as a whole which 
helps to facilitate the communication across 
different academic disciplines significantly. 

2.2 A Correspondence Principle between 
the First-Order Systems Sciences and 
the Second-Order Systems Sciences 
From Figure 1 a risky jump can be 

undertaken to postulate a correspondence 
principle between the first-order and the 
second-order level of the systems sciences. This 
type of correspondence principle is clearly 
different from the correspondence principle by 
Thomas S. Kuhn or Stuart A. Umpleby (1991) 
who emphasize the correspondence between an 
old and a new paradigm in those instances in 
which the old paradigm holds and require a new 
dimension by the new paradigm. In the new 
version, the correspondence refers to any field of 
first-order science and its corresponding 
second-order counterpart. With respect to the 
systems sciences this correspondence principle 
states that for each first-order field of the 
systems sciences one can generate a 
corresponding field of the second-order systems 
sciences. Thus, the field of first-order resilient 
systems has second-order resilient systems as its 
corresponding counterpart, first-order national 
innovation systems is accompanied by 
second-order national innovation systems, 
first-order complex and adaptive systems by 
second-order complex and adaptive systems, etc. 

 
Table 2 A correspondence principle between the 

first-order systems sciences and the second-order 
systems sciences 

Correspondence 

Principle 

Each dimension which can be 
used for the differentiation of 
the first-order systems sciences 
can be used for separating 
second-order systems sciences 
as well. 
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In other words, each first-order systems 
domain can become, via a re-entry operation, a 
second-order systems science field as well. 
 first-order natural and environmental 

systems → second-order natural and 
environmental systems 

 first-order technical systems → second-
 order technical systems 

 first-order social systems → second-order 
social systems 

First-order medical systems, first-order 
biological systems, first-order socio-cultural 
systems and numerous other first-order systemic 
domains can be transformed into second-order 
medical systems, second-order biology, 
second-order socio-cultural systems, etc., 
provided a sufficiently large and diversified 
number of inputs and outputs in the first-order 
systems fields are available.  

The dimensions for the structuration of the 
first-order level of research in the systems 
sciences can be expanded, in principle, 
depending on the imagination and practical 
interests and goals of observers or researchers in 
the systems sciences. But even with the 
dimensions outlined above the mapping of the 
first- and second-order systems sciences 
produces an astonishingly large number of 
different contexts in which the first- and the 
second-order systems sciences can be organized 
and in which first- and second-order 
explorations in the systems sciences can be 
pursued. The subsequent section will focus on 
different groups of research problems which can 
be handled and studied by the second-order 
systems sciences. 

 
 

2.3 Varieties of the Second-Order 
Systems Sciences 

Due to the correspondence principle outlined 
above the scope and dimensions of the 
first-order systems sciences can be used to 
specify the varieties of the second-order systems 
sciences as well. The building blocks for the 
second-order systems sciences are not 
necessarily only systemic concepts or processes 
but also theories, models and even entire 
domains of investigation. In a more formal way 
studies in the second-order systems sciences 
need the following operational steps which have 
to be undertaken. 
 The first step lies in the conceptualization 

or categorization of a second-order 
problem in the systems sciences which is 
accomplished through a re-entry operation 
RE which produces a self-referential topic 
like a risk system of risk systems or an 
economic growth system of economic 
growth systems. 

 The second step towards a study in the 
second-order systems sciences lies in 
multiple adding operations ADD in order to 
generate a rich variety of different cases, 
instances or examples of a particular 
building block X. A first-order systems 
sciences building block X like the 
theoretical concept of quality of life is 
available in a large number of different 
versions {Xi} which have to be searched 
for. Performing a re-entry operation RE on 
{Xi} produces X2{Xi} where X2 
represents a second-order analysis of {Xi}. 
Even if the second-order systems sciences 
are focused on a single concept from the 
first-order systems sciences, the 
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investigations are always undertaken with a 
large number of different instances or 
versions of this particular concept as they 
are used in the first-order systems sciences. 
Thus, the second-order systems sciences 
are bound to work permanently on multiple 
building blocks from the first-order 
systems sciences simultaneously. Like 
evolutionary population dynamics, the 
second-order systems sciences have to be 
organized as investigations of groups or 
multiple groups of building blocks from the 
first-order systems sciences. 

 The third step lies in a series of in-depth 
studies of the accumulated materials from 
the first-order systems sciences. These 
analyses can be qualitative, quantitative, 
statistical or formal, they can involve 
modelling activities, explanatory schemes, 
etc. and they are aimed at more robust 
results or, alternatively, more innovative 
perspectives, compared to their first-order 
systems sciences counterparts. 

 Finally, the fourth step requires a series of 
transfers from the second-order systems 
sciences back to the first-order systems 
sciences and to further rounds of exploring, 
testing or adjusting. 

Thus, the general methodology for the 
second-order systems sciences uses 
PAST-research designs with the four stages of 
 P-roblem specifications through re-entries 

from the first-order systems sciences 
 A-ddings of available first-order systems 

analyses 
 S-tudies of these populations of 

investigations from the first-order systems 
sciences with the full range of available or 

new qualitative, quantitative, evaluative, 
formal, visual, etc. methods, modeling and 
simulation techniques, etc. 

 T-ransfers of second-order outcomes in the 
second-order systems sciences to the 
first-order systems sciences and further 
explorations, testing at the first-order level. 

As a summary, PAST-investigations 
constitute a new systems science domain sui 
generis whose potential was not sufficiently 
recognized and only very insufficiently explored 
so far. What has been mostly disregarded until 
now is the relevance of these self-reflexive 
twists for the creation or production of new 
areas of systemic investigations. Using the 
PAST-methodology one can construct a very 
large number of new research problems and 
fields for the second-order systems sciences.  

Basically, two main types of problems can 
be identified for the second-order systems 
sciences which are also reproduced in Figure 4. 

4a: Narrow problem scope 

4b Wide problem scope 

Figure 4 Different types of problems for 
second-order systems sciences 
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 The first problem type is focused on 
relatively small domain of the first-order 
systems sciences like national employment 
systems. Here, a significant number of 
different specifications are available which 
qualify as of national employment systems. 
A second-order investigation can be 
undertaken to find a robust or, alternatively, 
an evolutionary stable classification of 
employment systems and their constitutive 
components. A re-entry operation creates 
the second-order problem of an 
employment system of employment 
systems and an adding operation assembles 
a large quantity of available specifications 
of employment systems. A second-order 
study can then be organized which leads to 
a new variant of an employment system 
with an evolutionary stable classification 
and with significant comparative 
advantages to the available classification 
schemes for employment systems. 

 The second type of problems for the 
second-order systems sciences is 
concentrated on topics which are widely 
spread across the first-order systems 
sciences. For example, systems can exhibit 
distributions which are characterized by 
rare events or, alternatively, by 
RISC-mechanisms (Rare Incidents, Strong 
Consequences). These RISC-processes are 
organized by power-law-distributions with 
a large number of occurrences of marginal 
size and rare occurrences of very strong 
effects and can be found in numerous 
first-order systems studies. (See especially 
Kajfež-Bogataj et al. 2010). 

In societal domains these power-law 

distributions and their underlying generative 
mechanisms can be found in 

Word frequencies [Linguistics]; scientific 
quotations [Science Studies]; scientific 
breakthroughs [Science Studies, Innovation 
Theory, Science-Technology-Society]; 
financial markets [Finance]; wealth and 
income [Economics]; power grid [Energy 
sciences] worldwidweb [Information 
Sciences]; migration and settlement 
[Sociology, Demography], etc. 

Across the domains of environments and 
nature one can specify power-law distributions 
for 

Earthquakes [Earth Sciences]; solar flares 
[Astronomy]; tornados, hurricanes, 
typhoons, etc. [Meteorology]; forest fires 
[Environmental Sciences]; viruses and 
epidemics [Medical Research]; ecological 
systems [Environmental Sciences]; the 
brain [Neuro-Cognitive Sciences], etc. 

The Search for new generative 
RISC-mechanisms of generative 
RISC-mechanisms follows, once again, the 
usual PAST-procedures for second-order 
science. 

The P-roblem specification is focused on 
RISC-processes across societal and natural 
systems, their relevant generative mechanisms 
and the available first-order studies in the 
systems sciences which offer a generative 
mechanism.  

A-dding involves a collection of these 
different generative mechanisms, ordering and 
grouping these mechanisms, etc.  

S-tudies aim at deepening the analysis by 
one or two new low level generative 
mechanisms, producing generative mechanisms 
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for generative mechanisms for higher levels, etc. 
Take for example different power-law 
distributions which are relevant for large classes 
of first-order systems studies across the entire 
first-order science level. These power-law 
distributions and their underlying generative 
mechanisms can be transformed into a 
second-order systems study of generative 
mechanisms of generative mechanisms for 
power-law distributions. Here, the emphasis 
changes to a deep search for more general 
generative mechanisms which are able to 
generate different types of generative 
mechanisms. (See, for example, Helbing 1993 or 
Sornette 2006). 

T-ransferring is concerned with moving 
these deep generative mechanisms of generative 
mechanisms to the first-order systems sciences 
for further explorations. 

Finally, second-order studies in the systems 
sciences can pursue two very different basic 
goals, namely 
 quality control (robustness, integration, 

generality, etc.) of the first-order systems 
sciences 

 innovations and new horizons which 
produce new perspectives, new building 
blocks and new research trajectories for the 
systems sciences in general. 

Part III will offer several examples from the 
second-order systems sciences which follow one 
of these two directions respectively. 

3. The Two Main Roads for 
Second-Order Systems Science 

Part III will be focused on two different 
types of second-order systems analyses which 
correspond to the two goals for second-order 

science, namely 
 a path toward quality control in its various 

aspects for the first-order systems sciences 
 a trajectory which aims at innovations and 

new horizons and which generates new 
perspectives for the first-order systems 
sciences. 

Each of these two types of second-order 
studies in the systems sciences pursues a 
different agenda and uses different research 
designs to meet its diverging goal sets.  

Moreover, each of these two main roads can 
be pursued in two different formats, the first one 
in a conceptual way and the second one on a 
visual base so that a 2 2×  matrix can be 
constructed as in Table 3 with four clusters of 
studies in second-order systems sciences. 

 
Table 3 Two different formats for the two main roads 

for second-order systems sciences 
 Conceptual Visual 

Road I:  

Quality Control 
Cluster I Cluster II 

Road II: 

Innovations 
Cluster III Cluster IV 

 

3.1 The Second-Order Systems Sciences 
for Higher Levels of Quality Control 

The first branch of investigations in the 
second-order systems sciences is focused on 
analyses of the first-order systems sciences in 
order to achieve higher levels of quality control, 
robustness and avoiding systemic biases. The 
first road to quality control for first-order 
systemic studies will be described in more detail 
with the help of two examples. 
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 The first example starts from a particular 
conceptual element of the first-order 
systems sciences which is frequently used 
in many systemic studies. Take the notion 
of quality of life (see, for example, Bowling 
2005, Glatzer et al. 2015, Independent 
Commission on Population and Quality of 
Life 1996, Nussbaum & Sen 1993, Phillips 
2006 or Rapley 2008) which has become a 
significant systemic goal in studies of urban, 
regional, national and even supra-national 
or global systems. It turns out that quality 
of life has been operationalized in more 
than 500 different ways so far, sometimes 
in a very general manner, sometimes with a 
focus on particular groups like young or 
very old persons, chronically sick or dying 
persons, etc. 
 Following the general PAST- 

methodology the first step in a 
second-order systems investigation on 
quality of life lies in the problem 
specification and in the search of an 
integrative perspective of quality of life 
of quality of life which uses concepts 
and dimensions which capture the 
variety of available operationalizations. 

 The second step requires an adding 
operation and a compilation of available 
specifications of quality of life (> 500 
different questionnaires, separation 
between special groups; ordering, etc.) 

 Third, these approximately 500 
specifications become the base for 
constructing a new and robust 
vocabulary which is capable of taming 
diversity and the production of a small 
number of integrative specifications 

(general, special groups) of quality of 
life-dimensions. 

 These new and integrative quality of 
life-specifications can be transferred to 
the first-order systems sciences for 
further explorations, testings, etc. 

 The second example pursues a 
second-order visual study and focuses on a 
group of first-order analyses of systems of 
different national economies which were 
sufficiently advanced as to enable forecasts 
for key systemic variables like the annual 
growth of inflation, GDP, etc. Trivial 
examples of second-order studies, using the 
PAST-methodology, could be centered on 
the calculations of the differences between 
various forecasts and actual GDP-values or 
on the averages between various forecasts 
and their annual differences to the actual 
GDP values. 

However, a highly interesting visual 
second-order investigation could be based 
on time distance analysis (Sicherl 2012) 
and on a visual separation of forecasting 
errors across four quadrants of 2 2×  
dimensions, namely 
 first quadrant: forecasting error too high, 

too late 
 second quadrant: forecasting error too 

high, too early 
 third quadrant: forecasting error too low, 

too early 
 fourth quadrant: forecasting error too 

low, too late (Sicherl 2012) 
Such a visual scheme becomes useful 

for specifying systemic forecasting 
biases in the case of a high concentration 
of forecasting errors in one or two 
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quadrants only which point to a common 
and underlying bias in first-order 
systems modeling and forecasting. In 
fact, Pavle Sicherl was able to show that 
the consensus forecasts which included 
several high quality first-order forecasts 
for inflation in the United States from 
1973 to 1985 were concentrated in two 
quadrants only, namely in the first (six 
instances) and in the fourth quadrant 
(seven instances). Thus, the first-order 
forecasting systems for the US-economy 
produced results which were either too 
high and too late or too low and too late 
and they all shared an intrinsic bias of 
being too late in general。 

These two examples become relevant for the 
first main path of second-order systems studies 
which is directed to higher levels of quality 
control. 

3.2 A Search for Innovative 
Second-Order Building Blocks in the 
Systems Sciences 

The second branch for the second-order 
systems sciences is directed to the goals of 
innovation and new perpetives and to the 
specification of more general or deeper models, 
theories, generative mechanisms or principles 
which can be qualified as systems of systems, 
generative systemic mechanisms of generative 
systemic mechanism or, finally, as systemic 
principles of systemic principles. Here, 
second-order research in the systems sciences is 
organized in a way which aims at novelty and 
new frameworks, based on a number of 
available first-order systems science options. 

As a first example of innovative searches in 

the second-order systems sciences one can point 
to foundational issues and to deep systemic 
principles which can become highly relevant as 
a major topic for the second-order systems 
sciences.  

Initially, these principles must be described 
in a more transparent manner. It turns out to be 
helpful to start with the general notion of rules 
and to separate rules from principles. 

Rules can vary in generality and complexity 
and range from single symbols like a sign for 
''stop'' or ''go'' to highly general rules for the 
natural or social worlds. Thus, rules are, as 
suggested by Nicholas Rescher (2010), 
separated from principles where the 
differentiation between these two domains is 
undertaken in the following way. Rules, 
according to Nicholas Rescher, are generalized 
procedural instructions They specify what is 
to be done in certain circumstances Rules 
have a limited jurisdiction  (Rescher 2010).  

Principles, following again Nicholas Rescher, 
do not prescribe particular actions or courses of 
action but mandate directions of procedure. 
They do not specify concrete steps but 
generalized objectives  Principles are 
accordingly more abstract and general than 
ordinary rules (Rescher 2010). 

Thus, principles are considered as the most 
general and universal form of rules which, 
moreover, become heuristically relevant for the 
study of behaviors and of the dynamics across 
nature and society. Following, once again, 
largely Nicholas Rescher (2010), these highly 
general and universal principles can be separated 
into 
 natural/economic/cognitive principles like 

the principle of least effort 
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 cognitive principles like 'Align your belief 
with the best available evidence' 

 ethical principles such as 'Treat others as 
you would have them treat you' 

 communicative principles like 'Do not 
waste your interlocutors time' and 

 principles of common courtesy such as 'Do 
not needlessly offend the sensibilities of 
your interagents' (Rescher 2010). 

Additionally, principles are characterized by 
a special degree with respect to their binding 
status whereby principles can be classified as 
categorical, unconditional and general (Rescher 
2010). 

Currently one finds numerous examples of 
basic principles for the analysis of first-order 
systems (see, for example, Bunge 1979, Gall 
1990, Meadows 2009) which can be classified 
under the subsequent headings. 
 Constructal principle (''For a finite-size 

system to persist in time , it must evolve 
in such a way that it provides easier access 
to the imposed currents that flow through it. 
'' (Bejan 1997, Bejan 2016, Bejan & 
Lorente 2008) 

 Evolutionary principles (increase of 
internal complexities (Maturana & Varela 
1980), increasing adaptation to the 
environment, symbiosis (Margulis 1981, 
1993, 1998), etc.) 

 Law of reciprocity (Glanville 2012, 2014) 
 Law of requisite variety (Ashby 1981) 
 Principle of least effort (path of least 

resistance, etc.) (Zipf 1949) 
 Order from noise, etc. (v. Foerster 2003) 
 DSRP-building blocks, distinctions, 

systems, relationships, and perspectives, as 
the basic systems methodology (Cabrera & 

Cabrera 2015, Cabrera et al. 2008) 
Using again the general PAST-methodology, 

the following four steps have to be performed 
for an innovative investigation in the 
second-order systems sciences. 
 The first step lies in the 

problem-specification which in this 
instance can be described in general terms 
as a search for systemic principles of 
systemic principles or, alternatively, as a 
search for deep or generative systemic 
principles. 

 The second step consists of 
adding-operations and requires an 
accumulation of a large number of systemic 
principles from the first-order systems 
sciences.  

 The most consequential step is the third one 
in studying and analyzing these first-order 
systemic principles and specifying 
second-order principles. As a heuristic 
device these second-order principles could 
be differentiated into two broad categories. 
 On the one hand, these second-order 

principles can be classified as 
transcendental and as necessary prior 
to the specification of generative 
principles like the law of reciprocity or 
the DSRP-rules. 

 On the other hand, they can become 
generative second-order systemic 
principles capable of generating 
first-order systemic principles. 

Even a brief glance at the list of 
principles above suggests that one is 
confronted with a cluster of minimization 
principles (constructal principle, 
evolutionary principles, principle of least 



Müller: An Outline of the Varieties of the Second-Order Systems Sciences 
20  J Syst Sci Syst Eng 

effort) which can be combined into a 
deeper second-order generative principle 
that generates different types of these 
minimization dynamics. Other principles 
require additional systemic components 
like a control unit (law of requisite variety) 
or a specific dynamic element (order from 
noise) and, thus, qualify as more specific 
first-order systemic principles. 

 Finally, the fourth step requires a transfer of 
these deep or generative principles to the 
first-order systems sciences and subsequent 
research and testing procedures. 

The second path for studies in the 
second-order systems sciences, aside for the 
deep search of second-order systemic principles, 
can be focused on second-order visual patterns 
which capture and integrate a large variety of 
first-order visual patterns in the systems sciences. 
The most important requirement for this branch 
of analysis lies in a sufficient number of 
first-order visual patterns from the first-order 
systems sciences and by using methods from 
visual complex analyses.  

As an unusual, but highly interesting 
example one can start with a group of first-order 
policy analyses with multiple indicators and 
policy targets and a visual method which 
transforms each of these policy analyses into a 
single visual pattern. This transformation can 
use conventional visual methods like 
Chernoff-faces (Chernoff 1973, Flury & 
Riedwyl 1981) or may be based on 
visualizations with a more philosophical 
background like Hinduism (Kumar 2007, Pani 
2009). 
 The first step is focused on the 

second-order problem specification which 

leads to the topic of visual patterns of 
visual patterns and to a deep search for 
second-order patterns of first-order 
patterns. 

 Likewise, the second step comprises an 
accumulation of first-order patterns and 
their visual arrangements. 

 The third step becomes the most 
challenging one, identifying deep 
second-order visual patterns which offer 
new insights on the organization of these 
first-order patterns.  

 Finally, the fourth step requires a transfer of 
these deep second-order patterns to the 
first-order systems sciences. 

In this way two different formats, one 
conceptual and one visual, were laid out for the 
main road for innovative studies in the 
second-order systems sciences. 

4. Curricula for the Second-Order 
Systems Sciences 

In terms of research and teaching programs in 
the second-order systems sciences several 
general characteristics can be presented which 
affect the organization of different programs in 
the second-order systems sciences in a highly 
similar manner. Research and teaching programs 
in the second order systems sciences must be 
embedded in a suitable institutional environment 
of institutes, departments or faculties. This 
institutional environment can be built in several 
different forms like a stand-alone organization, as 
an inter-faculty unit, as a new department within 
an established faculty, as a special unit within a 
second-order science faculty, as a virtual 
distributed network with international partners, 
etc. Basically, five types of institutionalization 
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strategies for the second-order systems sciences 
can be pursued.  
 Universities could establish inter-faculty 

centers on the second-order systems 
sciences which include different faculties 
and a heterogeneous assembly of 
co-operative institutes. For example, a 
second-order systems science institute on 
complex systems can be formed by the life 
sciences, theoretical physics, evolutionary 
economy, demography and quantitative 
sociology. Such an inter-faculty center 
could and must develop a specific research 
agenda and a common list of challenges 
and issues where such a center wants to 
make substantial contributions. 

 Faculties can select several departments to 
create a homogeneous research center in 
the second-order systems sciences. For 
example, a second-order center for societal 
systems sciences can be based on the 
co-operation of several departments like a 
sociology department, a political science 
department, a department for economics, a 
department for management science, a 
department for contemporary history, a 
department for the environmental sciences, 
an anthropology department and the like. 

 Universities can create a new faculty for the 
second-order systems sciences which is 
composed of a significant number of 
systemic second-order departments. 

 Research institutes can be created with 
special tasks and competencies in the 
second-order systems sciences. For 
example, a second-order institute on 
systems sciences can be organized on 
evaluations of evaluations with the 

objective of producing robust or more 
general second-order evaluations of 
first-order evaluations and new 
second-order evaluation methods and 
methodologies. 

 Finally, institutes for the second-order 
systems sciences can be created as 
networks with a small hub in a university or 
research center and a virtual network of 
participant units internationally. 

These newly founded institutes, departments, 
research centers, distributed networks, faculties, 
etc. in the second order systems sciences 
perform their usual research activities, apply for 
national or international research grants and 
establish networks and partnerships with other 
second-order organizations or with first-order 
institutes with highly relevant competencies for 
the specific second-order field. 
 Teaching programs for second-order 

systems sciences, due to their dependencies 
on building blocks from the first-order 
systems sciences, cannot or should not be 
organized for students in their entrance 
years to universities. It is almost impossible 
to conceive of second-order systems 
science as a first level B.A. or even as a 
second level M.A. program within the 
Bologna process. Rather, second-order 
systems sciences must or should build on 
disciplinary competencies which have been 
acquired by students in a special scientific 
field already. Operating in second-order 
systems sciences requires already a 
considerable level of research experiences 
in a particular field of inquiry.  

 New teaching programs in second-order 
systems sciences should be established as 
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special post-disciplinary PhD-programs 
which strengthen the local institutional 
environment in two important aspects. 
 On the one hand, a new research and 

teaching program in the second-order 
systems sciences should increase the 
local connectivities across institutes, 
faculties or even universities.  

 On the other hand, a new 
PhD-program in the second-order 
systems sciences can be strengthened 
by several external institutions which 
have special competencies and are 
currently not strongly represented 
within the local institutional 
environment. 

For example, a new institute or an 
inter-faculty research center for the 
second-order systems sciences could be 
founded by the local departments and 
faculties from the natural, technical, 
medical and social sciences plus a small 
number of external international 
departments, faculties, research centers or 
universities with special competencies in 
the modeling domains. 

 A PhD-program for the second-order 
systems sciences has a duration of three 
years (180 ECTS credits) and is located at 
the third level of the educational scheme 
according to the Bologna guidelines14. A 

14 The various PhD-programs in the second-order 
systems sciences can be constructed in a way which 
fulfils all the requirements and legislations in 
EU-member states and meets all criteria for doctoral 
study established by the European University 
Association (EUA). Consequently, it should be 
relatively easy to link a specific PhD-program in the 
second-order systems sciences with already existing 
inter- or transdisciplinary PhD-programs and to 
establish international exchanges. 

typical PhD-program in the second-order 
systems sciences is divided into a cluster of 
courses (60 credits) and the individual work 
on a dissertation (120 credits).  

 With respect to the admission process, local, 
national or international students after 
completing Level 2 in one of the scientific 
disciplines of a consortium for a unit in the 
second-order systems sciences, can apply 
for a specific PhD-program. The 
application process requires an outline of 
the PhD-thesis (approximately 20 – 30 
pages) and the choice of candidates will be 
based, on the one hand, on the 
PhD-proposal, and, on the other hand, on 
the academic record so far. Usually an 
institute or a research center for the 
second-order systems sciences will appoint 
an international scientific advisory board 
(SAB) which should also be actively 
involved in the selection process of 
potential candidates. 

 Furthermore, the dissertation as the core 
task in each PhD-program on the 
second-order systems sciences is chosen 
from the specific area of investigation 
which is characteristic for a specific 
PhD-program in the second-order systems 
sciences. For their dissertation, students are 
offered the support from the local teaching 
staff in the second-order systems sciences 
as well as from the scientific advisory 
board or from the international teaching 
group. 

 Finally, research activities in a specific 
PhD-program in the second-order systems 
sciences should be organized as 
endo-science and, thus, in an 
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observer-inclusive endo-mode. 15  This 
suggestion for endo-science designs and 
operations is especially aimed to increase 
the self-reflexive aspects within the 
second-order systems sciences themselves. 

The curriculum for the second-order systems 
sciences could comprise 12 field courses (60 
ECTS) and 9 PhD-related courses (120 ECTS) 
and could be divided into the following 
domains. 
 Foundations of the second-order systems 

sciences  
 Strategies for widening, deepening, 

integrating or heightening in the 
second-order systems sciences 

 Second-order methods and methodologies 
for the second-order systems sciences  

 Research designs for the second-order 
systems sciences  

 Interactions between the systems sciences, 
technology and society 

 Research infrastructures for the 
second-order systems sciences 

Figure 5 offers a general scheme for the 
organization of a rich variety of PhD-programs 
in the second-order systems sciences. 

Job opportunities of students with a PhD in 
the second-order systems sciences are strong and, 
due to the contemporary great societal 
transformations, increasing. The great 
transformations in science and society produce a 
very strong demand for specialists in the 
second-order systems sciences within the 

15  Obviously, this should be regarded as a 
recommendation only because, in principle, 
second-order systems sciences, like second-order 
science in general, can be undertaken in an endo- as 
well as in an exo-mode as was pointed out by Malnar 
& Müller (2015) or Müller (2016). 

science system, but also for national state 
administrations, supra-national organisations 
like the EU, global NGOs, international or 
global enterprises and the like. 
 First, the revolution through big data 

generates, above all, a huge increase in the 
proliferation of all sorts of societal data 
bases which are generated through the 
digitalization of socio-economic practices 
like buying and selling, writing, 
information search, etc. Big data require 
second-order mining methods in the form 
of patterns of patterns, integration of 
first-order data mining16 methods, etc. 

 Second, the rapid development of the 
systems sciences in the most densely 
populated countries, namely in China and 
in India, leads to a high growth of scientific 
outputs in the first-order systems sciences. 
This powerful expansion of first-order 
systems scientists and their scientific 
production makes it imperative to 
institutionalize the second-order systems 
sciences institutes as a reflexive 
organizational response by the systems 
sciences themselves. 

 Third, the need for scientific quality control 
and a higher degree of robustness of 
knowledge components will require 
significantly higher efforts and outputs of 
investigations in the second-order systems 
sciences. 

 Fourth, the standardization and 

16 On data mining, see, for example, Cabena et al. 
(1997), Feldman & Sanger (2006), Guo & Grossman 
(1999), Han et al. (2011), Janert (2010), Liu (2007), 
Nisbet et al. (2009), Russell (2011), Theodoridis & 
Koutroumbas (2008), Witten et al. (2011) or Ye 
(2003). 
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routinization in some areas of the systems 
sciences require additional innovation 
outlets which can be offered in a high 
degree by inquiries in second-order systems 
sciences. 

 Fifth, the demand for second-order systems 
scientists was so far confined to the science 
system itself. But specialists in the 
second-order systems sciences are 
obviously needed by the private sector as 
well and can fulfil important functions in 
terms of increasing the innovation capacity 
of national firms or international 
enterprises. 

 Sixth, research and guidance through the 
second-order systems sciences will increase 
strongly for state administrations which 
require the second-order expertise for 

government programs, new policies or 
robust assessments of previous initiatives. 

 Seventh, second-order systems studies of 
science policies, evaluations and the like 
will become of high relevance for 
supra-national or global organizations in 
the future as well as for global 
non-government organizations. 

Due to these changes within and outside the 
first-order systems sciences, specialists in the 
second-order systems sciences across all the 
segments, disciplines or fields are more and 
more required. This concludes a short overview 
of the institutionalization of research and 
teaching programs in the second-order systems 
sciences as well as the future societal needs and 
potentials for specialists in these fields of the 
second-order systems sciences. 
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5. Outlooks 
This short article presented a comprehensive 

perspective on a manifold of new options and 
possibilities for the systems sciences in general 
under the title of second-order systems sciences 
as well as an overview why these types of 
inquiries will be needed more urgently in the 
years and decades ahead, due to the increasing 
stream of studies in the first-order systems 
sciences.  

Studies in the second-order systems sciences 
serve to basic purposes. Aside from the more 
obvious goal of quality control for the first-order 
systems sciences, second-order systems sciences 
can offer new and innovative horizons for future 
research within the systems sciences in general.  

Finally, the institutes and research centers 
which will be the first ones in pursuing these 
different branches of the second-order systems 
sciences have will reap the strong comparative 
advantages of the early pioneers and promoters in 
these new and rapidly emerging fields. 
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