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Identifying a Philosophy and Methods for Second-
Order Science 

Stuart A. Umpleby 

Upshot: The work that scientists do, particularly social scientists, is currently 
constrained by their conception of science. Expanding the conception of 
science would lead to more innovative work and more rapid social progress.  

1. I shall reply to the comments on my target article in approximately the same order as 
the themes in that article. Two points that will recur are that understanding human 
purpose is important and multiple perspectives are useful. Also, I shall expand the 
section on methods.  

Epistemology and ontology 

2. Regarding the epistemological triangle in Figure 1, the underlying questions in the 
comments seemed to be: Is one epistemology correct and the others incorrect? Or can 
all three be in some sense correct? Mark Notturno (§11) defines epistemology as an 
attempt to answer such questions as “What is knowledge?” He argues that the sides of 
the triangle are not different epistemologies but different foci of study. That is one 
interpretation. Perhaps because I am interested in cultural differences, I would say that 
people can have different purposes for studying knowledge and that these purposes lead 
them to create different epistemologies. Notturno seems to be claiming that his purpose 
in studying knowledge is the best or most important purpose for studying knowledge. 
My interpretation is that it is interesting that there are several epistemologies. So, for 
me, it is intriguing to understand where they come from and what their implications are. 

3. Notturno (§11) claims that “everything is what it is.” That is the ontological view of 
the world. What I perceive is that people differ in their views about “what is.” I suggest 
that the three epistemologies – realist, constructivist, and pragmatist – are rooted in 
different purposes. Realists seek to create accurate, universal descriptions of the world. 
Pragmatists tend to be oriented toward specific, often economic goals. Knowledge is 
either effective or ineffective. Constructivists view the creation of knowledge as a series 
of choices of interpretations of experiences. The creation of knowledge is viewed as a 
means to the ends of survival and adaptation and the living of a good life.  

4. I find all three epistemologies to be useful. On any day I may use all three. When 
talking with a carpenter or plumber about a household repair, any epistemology other 
than realism simply causes confusion. The hot water source is either connected to the 
hot water faucet or it is not. When speaking with a business person, pragmatism is the 
appropriate epistemology. A product or service may seem ideal, but if customers do not 
buy it, it fails. Constructivism is helpful when communication is difficult, for example 
when discussing a contentious political issue. Then it is helpful to ask for the sources of 
information, the stories in the press, the history of the region or issue, the experiences of 
the other person and the conclusions drawn from those experiences. I view 
constructivism as more versatile, more respectful, and more grounded (in philosophy, 



 

psychology, and biology) than the other epistemologies. Hence, it is more suited to 
second-order science. 

Four models used in science 

5. Regarding the four models used in science, Jixuan Hu (§§5–7) suggests some 
additional models that he believes are important. I agree with all his suggested 
amendments. My intent was not to create a comprehensive inventory of models but to 
call attention to the need for more complex models in the social sciences. For example, 
a simple linear causal model can be used to test a policy or a reform program by asking 
whether the policy produces the results desired. It may for a time, but its effectiveness 
may diminish as people change their thinking and behavior. And a policy that works in 
one country or community may not work in another. Searching for linear causal models, 
which is a very common practice in the social sciences, is based on the assumption that 
a statistically valid relationship, once found, will persist. But social systems are 
different from natural systems. The elements of social systems, human beings, 
sometimes change their minds. 

6. Hu (§10) is correct that George Soros’s model of reflexivity has only slowly been 
recognized as important. However, according to the web site of the Journal of 
Economic Methodology, Soros’s latest article (Soros 2013) is the “most read article” of 
that journal,1 which is an indication that there has been progress lately. 

7. The model of reflexivity, as described by Soros, assumes that a society is composed 
of thinking and acting individuals and organizations. These people are engaged in 
“reflective practice” (Schon 1995). Attempting to understand social systems using a 
reflexive model is likely to be successful when competing with people using a model 
that does not have “requisite variety” (Ashby 1952). Second-order science adds two 
dimensions to first order science – attention to the observer and consideration of the 
effects of previous theories (or “re-entry” as referred to by the editors of this special 
issue, see Müller & Riegler 2014). I recommend that social scientists use a reflexive 
model when studying social systems. 

8. John Stewart (§§1f) questions whether science is or should be value neutral. If we 
started from the assumptions that human beings are purposeful systems and that they 
create science as an aid in achieving purposes, then we would view science as not value 
free, since scientists would select problems to work on that seem important to them. 
Also, the methods and descriptions that they use would be influenced by experiences in 
a social environment. It can be argued that the idea that science can be or should be 
value free arises from the belief that scientific statements should be objective. But the 
topics of research were selected. Second-order science would make Stewart’s 
suggestion (§4) – that the values used to guide the research should become an object of 
discussion – a part of science. 

9. So, discussing the choices that scientists make would support Stewart’s focus on the 
responsibilities of scientists. Presently, scientists claim their work is objective and value 
neutral because they are using a particular conception of science – that science is the 
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search for objective, universal principles. An alternative conception is that science is a 
purposeful activity undertaken to achieve the scientist’s goals and that science can be 
evaluated by whether the goals are successfully achieved. Second-order science would 
alter the conception of science so that the values that guide the research are considered 
part of the research. The current conception among practicing scientists of how to do 
science constrains the questions that scientists think are legitimate. If scientists thought 
that it was acceptable to pay attention to the observer and to the consequences of 
scientific theories, more scientists would broaden their work accordingly, and the results 
would be closer to the outcomes that Stewart and I both hope will occur. 

Ideas, groups, events, and variables 

10. Bernd Hornung (§8) states that more needs to be said about the four basic 
elements for describing systems – ideas, groups, events, and variables. He suggests 
there are different levels. In Medvedeva & Umpleby (2004), it was suggested that two 
levels – thought and action – are involved. For example, a researcher studies a social 
system described in terms of variables, and formulates a suggestion for a reform 
program (idea). That idea must then be taken, often by another person, perhaps a 
politician or an entrepreneur, and “sold” to a group that will support it, perhaps other 
politicians or investors. Assuming sufficient support can be found, an event such as 
passing a bill or founding a company may occur. After a time, the new social 
arrangement (e.g., a government program or a new company) can be evaluated in terms 
of variables. So, in general I agree with Hornung: variables and ideas occur at the 
conceptual level. Groups and events occur within society and involve human behavior. 

11. I also agree with Hu (§§14–16) that the four basic elements can be thought of as 
four different levels of analysis. However, my purpose in pointing to the four basic 
elements was to indicate how the current disciplines narrow our perceptions. The 
current situation is somewhat like having groups of specialists that each view situations 
through red, green, and blue filters. Each has somewhat different experiences and uses a 
different professional language. But only by using all three can a full color picture be 
seen. Surprisingly, even though we know that societies are complex, we rarely question 
the appropriateness of our over-specialized disciplinary perspectives. 

12. In §12, Notturno wonders why social scientists should study what is happening, 
why they should analyze it, and what might lead them to propose a new course of 
action. One answer is to improve society or some process in society. Quality 
improvement methods involve a now well-developed set of methods that are very 
similar to Karl Popper’s (1972) tetradic schema. The principle difference is that rational 
criticism is replaced by experimentation. A process is defined. Those who work in the 
process brain-storm possible improvements to it.  One proposed change is selected and 
implemented in one production line. If there is improvement (e.g., reduced cycle time, 
lower error rate, and/or increased customer satisfaction), the change is tested further. If 
it continues to be productive, it is implemented throughout the organization. If the 
change does not result in improvement, a second proposed change is tried. This method 
of continuous improvement has been so successful it is now being used on processes in 
organizations around the world to improve the quality of products and services. It is 
now standard management practice in organizations. Interestingly, continuous 
improvement methods are not commonly taught in schools of business, which still offer 



 

courses in traditional fields such as accounting, marketing, and finance. In the US, only 
the most basic philosophy of science is taught in business schools and social science 
departments, even at the doctoral level.  

13. The idea of describing social systems in terms of ideas, groups, events, and 
variables is similar to the continuous improvement model described in the previous 
paragraph, but it was formulated to guide work on larger issues such as social reforms.  
By describing a social system in terms of ideas, groups, events, and variables, one 
creates a reflexive description of the social system. One must think about actors, their 
ideas, their actions, and the consequences of their ideas and actions. 

Including the observer in what is observed 

14. Many commentators addressed one of the core ideas of second-order science, 
i.e., the inclusion of the observer in science. 

15. Scientists are using the same methods for social systems that were developed for 
physical systems. They are trying to use methods based on assumptions that do not fit 
the social sciences. Relaxing these assumptions will lead to an expanded set of methods 
and inquiries. However, using the correspondence principle (see my §31) to show the 
differences between the natural and the social sciences is not sufficient. It is also 
necessary to adopt the model of reflexivity as developed by Soros (2013). Reflexivity 
can occur only when there is a subjective aspect (i.e., observation and interpretation). 
Hence, “reflexivity serves as a criterion of demarcation between social and natural 
phenomena” (ibid: 313). This does not mean that second-order science and paying 
attention to the observer are not important for the natural sciences as well. However, the 
effect on the social sciences will be greater than the effect on the natural sciences. 

16. Notturno (§§3–5) claims that philosophers of science are aware that the 
characteristics of observers may affect their observations and that theories of social 
systems can alter those systems. However, most practicing scientists operate on the 
assumptions that objective science requires minimizing observer effects and that 
scientific theories, using physical science as an example, do not change the behavior of 
the systems described.  

17. Anthropology and sociology are probably the two fields most aware of the 
importance of the observer. Mary Catherine Bateson (§1) is certainly correct that 
second-order science has roots going back further than the work of von Foerster. Her 
parents, the anthropologists Gregory Bateson and Margaret Mead were a great influence 
on him, and all three worked together during the Macy Foundation conferences in the 
late 1940s and early 1950s. And Eva Buchinger (§§3–6) provides references to 
important sociological treatises that emphasized the interaction of the researcher with 
the system being studied. 

18. Stewart (§6) and Notturno (§§6–8) suggest that second-order science could 
lead to third-order science. Such a progression is not needed. If first-order science 
entails making descriptions of one’s experiences, second-order science entails reflecting 
on the process of making those descriptions – that is, the assumptions and theories one 
brought to the task. Reflection can involve examination of one’s beliefs and doubts 
about those beliefs. What is important is to reflect on what one believes and why one 



 

believes it, on what one knows and how one knows it. Heinz von Foerster (1991) also 
claimed that a third-order cybernetics was not necessary, that nothing new would be 
added.  

Methods and theories 

19. In my target article I was rather parsimonious with regard to suggesting a 
concrete set of methods and strategies, see, in particular, Hornung’s criticism (§§1, 2, 
9). Let me use this opportunity to amend my ideas based on the commentaries my 
article received. 

20. In §3 Hornung refers to methods of empirical research. When I used the term 
“methods” in Figure 2, I was referring to management methods, for example a method 
for leading a group of people through a planning exercise. This is a kind of research in 
that the members of the group learn what other members of the group think about 
problems and effective strategies, but it is action-oriented research rather than academic 
research. The purpose of the activity is to make the behavior of a group of people more 
effective, not to add to the academic literature, although occasionally academic papers 
may result as methods are improved.2 

21. Hornung (§4) anticipates that the development of methods suitable for second-
order cybernetics, beyond the reach of first-order theories and methods, is a challenging 
task. Actually, many useful methods have already been developed and are being used in 
the field of management (see §17 in my target article). However, most management 
scholars are looking for theories (first-order science) and do not recognize management 
methods as a more suitable form of knowledge. That is the message underlying Figure 
2.  

22.  In the social sciences, a number of efforts have been made to include observers 
in what is observed. Ian Mitroff and Vaughn Blankenship (1972) proposed a 
methodology for a holistic experiment that required that any simulation should include 
human players, not just be a computer simulation, and required several different types 
of psychological observers to be involved. In the book Beyond Method edited by Gareth 
Morgan (1983), the authors provide brief biographical sketches and explain why they 
undertook their research. The purpose is to reveal the psychological, social, and political 
context of the research. The process improvement methods described in §12 above 
involve an on-going series of experiments in which the participants in a process 
improve the process.  

23. What is missing in the field of management methods is an overarching theory 
and a connection to the philosophical literature. Actually, a theory exists in the form of 
cybernetics, a general theory of control and communication. And a connection to 
philosophy is provided by second-order cybernetics. But so far this work has attracted 
little attention in schools of business. Two exceptions are the University of St. Gallen in 
Switzerland and the University of Hull in England. Reflexive thinking in economics has 
a home at the Institute for New Economic Thinking at Oxford University in England. 
Perhaps the ideal institute to serve as a home for second-order science would be the 
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Horizons College described by John Warfield in 1996 in his Wandwaver Solution.3 The 
Horizons College would work on future-oriented, design-oriented problems. It would 
have its own faculty and would draw on faculty members from other parts of the 
university as their expertise is needed. The core curriculum would be systems science 
and cybernetics. So far the idea has not been implemented by any university, but 
perhaps one day it will be.   

24.  I disagree with Notturno (§§1, 3) when he claims that social science theories 
are applied in the same way that physical science theories are applied. Physical science 
theories are applied in science and engineering by highly educated professionals. Social 
science theories are often adopted by political leaders in pursuit of their ambitions. As 
John Maynard Keynes pointed out, both politicians and the public frequently do not 
know the origin of the ideas they are advocating or supporting: 

“The ideas of economists and political philosophers, both when they are right and 
when they are wrong, are more powerful than is commonly understood. Indeed, 
the world is ruled by little else. Practical men, who believe themselves to be quite 
exempt from any intellectual influence, are usually the slaves of some defunct 
economist.” (Keynes 1936: chapter 24)  

Furthermore, physical objects do not change their behavior when theories change. 
However, the elements of social systems act according to their beliefs and values, which 
can be changed by an appealing argument. In social systems, deliberate, skilled 
application of a theory is not required for a theory to have an effect. 

25. Notturno (§9) maintains that a scientific theory is an attempt to explain how 
and why the world seems to work as it does. To that effort, second-order science adds 
explicit attention to human purposes and actions. The attempt to eliminate human bias 
also eliminates human purpose, which provides vital information for understanding a 
theory. Whereas philosophy of science uses primarily the method of rational criticism, 
second-order science can use the theories and methods of any scientific field – 
psychology, sociology, anthropology, political science, or neurobiology. That is, 
second-order science uses the results of investigations in many fields to illuminate the 
processes of learning and knowing. 

26. Contrary to Notturno’s (§12) claim that I reject the method of conjectures and 
refutations, I find this method extremely useful in stable environments. Rather, I 
question the assumption that we are searching for systematic general knowledge. I think 
we are trying to function effectively in achieving our purposes. In less stable 
environments, such as social systems, perceptions and actions sometimes change 
rapidly. In such environments, finding an appropriate model, such as reflexivity theory 
rather than equilibrium theory in economics, may be what we are looking for. 

Second-order mathematics 

27. Jean Paul Van Bendegem (§1) claims that second-order science requires a 
second-order mathematics. Science and mathematics often advance together, and that 
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has been the case with second-order science. For many years, self-reference, and the 
attendant paradox and inconsistency, was seen as an obstacle to creating a science of 
cognitive and social systems. As von Foerster (1971) shows, the problem was noticed 
and resolved by those working on cognition and computers. 

28. Also important has been the work of Vladimir Lefebvre (1977, 1982) on 
reflexive control. His work has been very influential in education and psychotherapy in 
Russia. His version of reflexivity theory was used at the highest political levels in the 
US and the USSR at the time of the break-up of the Soviet Union to improve mutual 
understanding and prevent the outbreak of war. 

29. In order to refer to itself and its perceived context, an observer or regulator must 
have a minimum variety (sensu Ashby). So assuming a reflexive view of a social 
system, in order to be successful in modeling the goals and strategies of other actors, 
when the other actors are also modeling the goals and strategies of other actors, a talent 
for useful abstraction (variety reduction) is required, assuming that all actors have 
approximately the same regulatory capability. 

30. Modeling the perceptions, beliefs, and strategies in a population of agents is 
something that is now being done within the field of complex adaptive systems (e.g., 
Riegler & Douven 2009). It can be expected that this will have implications for second-
order science. 

31. In §5, Van Bendegem refers to the effort to focus on all aspects of mathematics 
practice. He lists some questions that are central to the approach. Since in my view 
human beings are purposeful systems, I would add the question: What is the purpose of 
creating mathematical theories – to be more confident of one’s logic, to persuade others 
with rational arguments, to deduce interesting theorems, or all of these? The purpose of 
this question is to focus attention on the agency or purpose of the mathematician. This is 
a reflexive move that is quite compatible with second-order science and second-order 
mathematics. 

Conclusion  

32. Today, many doctoral students and young faculty members spend their lives 
attempting to establish linear causal relationships at a high level of statistical 
significance. If we could change the way that social science research is done, we would 
have many more people working to improve society by developing improved methods 
for thinking, communicating, and acting. 

33. A first step in the right direction is to ask why scientists exclude the observer 
and the effects of theories on society (Hu §19). Probably they do this because they think 
that is the way to do science. Management scholars normally use a pragmatist 
epistemology, but they try to be scientific by using a realist epistemology. If they took 
seriously the management methods that they develop, they would be using a 
constructivist epistemology. Changing the perception that social scientists need to 
imitate the physical sciences is part of the purpose of second-order science.  

34. The next step could be to ask how we can measure inclusion of the observer and 
consideration of the effects of theories on society (Hu §18). I would be satisfied with 



 

simply asking scientists to deal with these two factors and then discussing the success of 
their efforts. I am confident that useful methods would be devised. 

35. Furthermore, should we chose a bottom-up approach? Michael Lissack (§15) 
maintains that my approach is top-down and that a bottom-up approach would be 
helpful as well. He says that second-order science needs a foundation in the way people 
live their lives. He maintains that second-order science is enacted all the time. With this 
I agree. The purpose of discussing second-order science is to call attention to the 
context of scientific work and the purposes of scientists. 

36. Finally, second-order science will certainly have to, as David Rousseau states, 
“preserve the practical powers of current science” (§15) and “preserve the capabilities 
of the social and human sciences” (§16). I like his suggestion that second-order science 
is a step toward the unification of science. For me the purpose of second-order science 
is to expand our conception of science to enable scientists to deal more effectively with 
social systems and to remind physical and biological scientists of the social context 
within which they operate and that shapes them.  
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