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Expanding the concept of ‘model’: the transfer 

from technological to human domains within 

systems thinking 

Magnus Ramage and Karen Shipp 

Abstract    

‘Systems thinking’ is a portmanteau term for a body of theories and techniques 

that unite around a focus on whole systems and relationships between entities, ra-

ther than breaking systems down into their individual components and considering 

those components in isolation. Various forms of modelling are central within sys-

tems thinking, with many of the modelling techniques being developed from work 

originally carried out in engineering and technology settings, but applied to hu-

man-centred application domains, in particular organisations and the environment, 

but also many others.  

In this chapter we will discuss four quite different systems modelling ap-

proaches that have adapted modelling techniques from engineering to studies of 

humanity: system dynamics (the work of Jay Forrester and others, applied to or-

ganisational, economic and ecological systems); the viable systems model of Staf-

ford Beer (applied to organisational systems); the work of Howard Odum on eco-

logical systems; and the systems diagramming approach of the former Faculty of 

Technology at the Open University.  

1 The understanding of modelling within systems thinking 

In this chapter, we will examine a two-stage process of development in the use 

of modelling: a shift in the domain of application from technological to human 

domains, and a shift from predominantly mathematical models to more qualitative 

models. We will trace this development over a period in the 1970s and 1980s, 

within a range of application areas but especially environmental studies and man-

agement.  

Our focus in terms of discipline is the area of systems thinking. This is a broad 

term for a set of related techniques and theories that largely arose from the 1940s 

onwards but unify around the understanding of the world in terms of wholes and 

relationships rather than splitting entities into their individual parts. Systems 
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thinking has its primary roots in two fields which developed separately at around 

the same time and gradually came together (along with other fields). The first of 

these was general systems theory, which derives from the work of Ludwig von 

Bertalanffy in biology, who focused on processes of organisation, the concept of 

the open system, and dynamic balance. Secondly, cybernetics derived from war-

time work by Norbert Wiener and others on feedback processes in machines and 

human physiology; in developing as a field, it came to look at feedback and in-

formation transfer as part of ‘communication and control in the animal and the 

machine’, in Wiener’s (1948) memorable phrase. While other strands of work 

would later feed in to systems thinking, including some of the approaches dis-

cussed later in this chapter, general systems theory (GST) and cybernetics formed 

the main roots of the field. A longer discussion of the history of systems thinking, 

discussed via its main thinkers, can be found in Ramage and Shipp (2009). 

We will discuss here four examples of the way that the two-stage shift of tech-

nological to human modelling, and mathematical to qualitative modelling, oc-

curred within systems thinking. First, we will look at system dynamics (in the 

work of Jay Forrester and his colleagues), which uses large-scale models of feed-

back derived from servomechanisms to study change processes in organisations, 

urban settings and the global environment. Second, we will examine the work of 

Stafford Beer in management cybernetics, which was the first significant attempt 

to transfer cybernetics into the management domain, doing so by using both math-

ematical models and analogues of the human brain in studying organisational pro-

cesses. Third, we will look at models of ecosystems in the work of Howard Odum, 

who transferred models of electrical circuits into studying the dynamic behaviour 

of medium-scale ecologies, in the process developing a series of elaborate dia-

grammatic forms that can be used qualitatively as much as quantitatively. Fourth, 

we will discuss the little-told story of the way in which the Open University Sys-

tems Group developed a mode of teaching systems thinking in a distance-learning 

context, through using a set of diagram types that had their initial roots in large-

scale engineering but were successfully transferred to much smaller-scale human 

domains and used as a predominantly qualitative tool. 

Our focus on these four examples, and the historico-biographical nature of our 

past work, means that this chapter will take a largely historical stance, discussing 

the trajectory by which each approach shifted its stance from engineering situa-

tions (especially those connected with automation, such as cybernetics and servo-

mechanisms) to human situations. Thus we inevitably focus largely on history ra-

ther than the present day. However, this should not be taken to suggest that either 

the four approaches discussed here, or systems thinking in general, are purely of 

historical interest. On the contrary, all four approaches have significant present-

day user communities and advocates.  

Before discussing the individual cases, we will look at the way that modelling 

has been understood within the field of systems thinking, as this is somewhat dis-

tinctive from other uses of modelling. The systems approach to modelling was 

well described by Donella Meadows, who worked within systems dynamics, 
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largely building environmental models – she was lead author of the celebrated ear-

ly work Limits to Growth (Meadows et al. 1972). She wrote that: 

1. Everything we think we know about the world is a model. Every word and every 

language is a model. All maps and statistics, books and databases, equations and 

computer programs are models. So are the ways I picture the world in my head – my 

mental models. None of these is or ever will be the real world.  

2. Our models usually have a strong congruence with the world. That is why we are 

such a successful species in the biosphere. Especially complex and sophisticated are 

the mental models we develop from direct, intimate experience of nature, people, 

and organizations immediately around us. 

3. However, and conversely, our models fall far short of representing the world fully. 

That is why we make mistakes and why we are regularly surprised. In our heads, we 

can keep track of only a few variables at one time. We often draw illogical 

conclusions from accurate assumptions, or logical conclusions from inaccurate 

assumptions. Most of us, for instance, are surprised by the amount of growth an 

exponential process can generate. Few of us can intuit how to damp oscillations in a 

complex system. 

(Meadows 2008, pp.86-7) 

Perhaps the single defining feature of modelling within systems thinking has 

been the widespread understanding that models are only a partial representation of 

reality – they are necessarily incomplete and in the process of abstraction involved 

in creating models, we both hide and reveal different aspects of the world. This 

was summed up in a phrase of Alfred Korzybski, made prominent by the influen-

tial systems thinker Gregory Bateson, that “the map is not the territory” (Bateson 

1972, p. 449). This may seem obvious at first sight – on the face of it, few edu-

cated people would disagree that a model can never be an exact representation of 

reality. However, in practice, the general public (encouraged by the media) and 

even the academic community act as if models were or should be exact representa-

tions. Academics who present models as imperfect or incomplete are popularly re-

garded as not quite doing their job: witness, for example, the enormous contro-

versy caused by climate scientists’ public recognition that aspects of their models 

were imprecise, taken by some parts of the media to be a denial of climate change. 

So if models do not represent reality precisely, what is their purpose? Within 

systems thinking, the answer is that they exist to sketch reality and to inform 

thinking, communication and decision-making, rather than to give an exact an-

swer. In other words, they are a thinking tool. As Pidd (2003, p.55) writes, “mod-

els should be regarded as tools for thinking. They provide ways in which people 

may reflect on what is proposed and decide whether or not certain things should 

be done and certain risks should be taken”. This is an essentially pragmatic ap-

proach, close to the do-whatever-works approach of the engineer, and as such re-

flects the transition from engineering to understanding human situations that much 

of the systems thinking discussed here has taken.  

An important further aspect of understanding models as thinking tools is that 

they exist in a particular situation, are constructed from a particular perspective 

(that of the individual or group who build the model) and with a particular pur-

pose, and are interpreted and used from still another perspective and purpose. If 
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the model was built or used at a different time by different people, then it would 

look quite different. This is not an argument from strict constructivism, or a sug-

gestion that models have no objective reality – but the details of what is included 

in a model will vary quite considerably depending on those involved with it. This 

was well described in a study pack from our own university, which defined a 

model as “a simplified representation of some person’s or group’s view of a situa-

tion, constructed to assist in working with that situation in a systemic manner” 

(Morris and Chapman 1999, p.9).  

Related to this time- and person-boundedness of models within the understand-

ing of systems thinking, it is useful to observe that some systems modelling tech-

niques are designed in such a way that the models can only be constructed by an 

expert modeller, while in other cases the models are intended to be constructed in 

a participatory manner. Some of these models involved (such as the Open Univer-

sity diagrams described later) are specifically intended to be sufficiently simple 

that a non-expert individual or group can build and use them. This is especially 

useful in a group context, where a range of perspectives (such as multiple stake-

holders in a decision-making environment) can be built into the model. Indeed, in 

some situations, the process of generating the model in this participatory manner – 

the insights gained from building it – is more important than the product, the ac-

tual model itself. Because of this importance of process as opposed to product, and 

the participatory use of systems models, in many of the techniques used (such as 

the Viable Systems Model discussed below), models and methods have frequently 

been intertwined. 

A further key characteristic of systems models is that they range from the high-

ly qualitative to the entirely quantitative. Morris and Chapman (1999) distinguish 

four different forms of systems models: mental models, our taken-for-granted as-

sumptions about the nature of the world, also shaped by language and metaphor; 

iconic models, such as scale models of buildings, where “there is usually a strong 

visual resemblance between the original and the model” (Morris and Chapman 

1999, p.12); graphical models, two-dimensional representations of a situation such 

as maps and diagrams; and quantitative/mathematical models, from spreadsheets 

to computer programs written in specialised modelling languages. As we shall 

demonstrate in this chapter, the last two types of models are closely connected. 

It is worth remarking that not all systems modelling techniques precisely follow 

the assumptions described above – in particular, some systems modellers would 

regard their techniques as having a close alignment to reality. Nonetheless, they 

form an overview of the distinctive nature of systems modelling. We will now ex-

plore the four examples of systems modelling approaches in greater detail. 
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2. System dynamics: from servomechanisms to organisations 

and the planet 

System dynamics is an approach to the modelling of large-scale systems which 

has had considerable impact in a range of application areas, especially in the Unit-

ed States. Its most notable applications are to organisations and to environmental 

change, but it has been used to model a wide range of other areas (notably cities 

and economies). Like cybernetics (with which it shares a number of common fea-

tures, although they have different roots) it focuses on complex feedback mecha-

nisms within organisationally closed systems. A typical system dynamics model 

will contain a large number of interconnected variables, measuring the ‘stocks’ 

(values) of those variables and the ‘flows’ (relationships) between the variables.  

System dynamics has always been strongly dependent on computer modelling. 

It was originally developed by Jay Wright Forrester (b. 1918), an engineer at the 

Massachusetts Institute of Technology (MIT), who was project leader of an influ-

ential early digital computer, Whirlwind. Designed for military aircraft flight sim-

ulation, Whirlwind was the first computer to run in real-time and to use magnetic 

core memory (Forrester’s invention). Having been involved so early in computers, 

Forrester felt already by 1956 that “the pioneering days in digital computers were 

over” (Forrester 1989, p. 4), and shifted his focus to business management, study-

ing the way in which his knowledge of technology could better inform manage-

ment practice.  

Forrester’s approach, which he first wrote about under the name of ‘industrial 

dynamics’ (Forrester 1958), rested on his earlier research on servomechanisms – 

mechanical devices which control large physical systems through feedback. For-

rester worked at MIT on servomechanisms to control gun mounts and radar anten-

nae, during the Second World War. His knowledge of feedback behaviour, com-

bined with computer simulation, enabled him to develop a means of modelling 

industrial processes in a way that captured a great deal of richness and complexity. 

Feedback control theory enabled him to observe “the effect of time delays, ampli-

fication, and structure on the dynamic behaviour of a system … [and] that the in-

teraction between system components can be more important than the components 

themselves” (Forrester 1961, p. 14). 

Forrester’s research group, and its output, grew significantly from the 1960s 

onwards, moving into the dynamic behaviour of urban areas (which later formed 

the foundation of the successful 1989 computer game SimCity). As it shifted into 

other areas, the approach changed its name from ‘industrial dynamics’ to the 

broader-focused ‘system dynamics’, although as George Richardson, a former 

student of Forrester’s, observes, “the word ‘system’ in the name causes some con-

fusion in identifying the methodological and philosophical ancestry of the field” 

(2000, p.vii) – it refers to the focus of the approach on analysing the dynamics of 

“any system” rather than any connection with earlier systems approaches such as 

general systems theory. 
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The field which first brought the approach to large-scale public prominence 

was environmental modelling. Forrester became involved with an international or-

ganisational of influential business-people, academics and politicians called the 

Club of Rome, who were focused on tackling the ‘problématique humaine’: a set 

of interlocking global issues around population, pollution, resource depletion, 

crime and so on.  

The project was carried out by Forrester’s research group under the leadership 

of a married couple, Donella and Dennis Meadows, with a strong passion for 

global action and awareness of the need for environmental change. The book de-

scribing the project, Limits to Growth (Meadows et al. 1972), often known as ‘the 

Club of Rome report’, sold many millions of copies. It argued that the idea of con-

tinual economic growth is unsustainable, in that the global environment is simply 

unable to cope, and that limits must either be set on that growth by humanity or 

will be imposed upon us by the capacity of the planet. The book was controversial 

and contested, and its argument (while accepted more widely today) remains the 

subject of huge debate. However, a recent re-analysis of the model concluded that 

“the observed historical data for 1970-2000 most closely matches the simulated 

results of the [Limits to Growth] ‘standard run’ scenario for almost all the outputs 

recorded” (Turner 2008).  

The conclusions were already beginning to be argued by a number of people in 

the 1960s, but the book was distinctive in that it drew those conclusions from 

large-scale computer modelling. For a book that sold so widely, it is highly tech-

nical: it contains many charts and graphs, and several diagrams of feedback loops 

between variables. The authors are quite open about their method, writing of “a 

new method for understanding the dynamic behaviour of complex systems … the 

world model described in this book is a System Dynamics model” (Meadows et al. 

1972, p.31). 

While system dynamics grew considerably as an approach over the following 

decades, spreading far beyond its MIT base to be used internationally, its next 

point of prominence was to come in the late 1980s. For a number of years, another 

of Forrester’s group, Peter Senge, worked with a group of management consult-

ants to take the approach in a new and softer direction. In his work, published in 

the widely-read book The Fifth Discipline (Senge 1990), system dynamics became 

the cornerstone of a set of personal and collective disciplines that managers need-

ed to master to build a ‘learning organisation’, one that is responsive to rapid 

change in its environment. 

What Senge presents in the 1990 book is not pure system dynamics – there are 

no graphs or computer models of the kind used in Forrester’s writing and in Limits 

to Growth. Instead, he describes what he calls “systems thinking” (a confusing 

term given its wider base, which Senge has later regretted - Lane 1995), and which 

Wolstenholme (1999) refers to as “qualitative system dynamics”. This version of 

system dynamics rests on diagrams of feedback loops, often carefully constructed, 

but no computer models are built from them. Instead, lessons are drawn from the 

loops, often via the use of “system archetypes”, a set of typical system behaviours 
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with pithy names such as ‘Fixes That Fail’ and ‘Tragedy of the Commons’, some 

of them resting on earlier ideas from other sources (such as the latter, from Hardin 

1968). 

The huge success of The Fifth Discipline is mirrored by the availability of other 

works that draw on the lessons of system dynamics in a way that is accessible to 

the non-mathematical reader, such as Thinking in Systems (Meadows 2008), the 

posthumously published book by Donella Meadows, lead author of Limits to 

Growth. This qualitative approach to system dynamics has been paralleled by an 

ongoing use of computer models, enabled both by accessible software packages 

such as iThink and Vensim that easily allow the generation of system dynamic 

models, and the publication of well-written textbooks with a strong technical 

background (Sterman 2000; Maani and Cavana 2000).  

At the heart of all system dynamics approaches, whether computer-simulated or 

qualitative, is the causal loop diagram. This shows a set of connected feedback 

loops made up of chains of variables dependent on each other. Links between var-

iables are tagged with a + or – to indicate whether a rise in the first variable leads 

to a rise in the second (+) or to a fall in the second (-); the alternative tags ‘s’ (for 

‘same’, i.e. +) and ‘o’ (for ‘opposite’, i.e. -) are sometimes used. Loops which 

show positive feedback are frequently described as ‘reinforcing’, while negative 

feedback loops are described as ‘balancing’. Figure 5.1 illustrates a causal loop di-

agram with a number of feedback loops. 

 

 

Fig. 5.1: A causal loop diagram showing three possible feedback effects if an oppressed 

community resorts to suicide attacks  
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As shown by Senge’s work, causal loop modelling produces rich results that 

are frequently sufficient to gain deep insights. Practitioners and educators have 

taught causal loops modelling to a wide range of groups with little mathematical 

training, to very good effect (e.g. Nguyen et al. 2011). However, many argue that 

this version of system dynamics needs to go a stage further to build in the power 

of computer modelling: Forrester himself wrote that “Some people feel they have 

learned a lot from the systems thinking phase. But they have gone perhaps only 5 

percent of the way into understanding systems. The other 95 percent lies in the 

system dynamics structuring of models and simulations based on those models” 

(Forrester 2007, p.355). 

The computer modelling of causal loop diagrams in system dynamics draws on 

the stocks and flows model mentioned above. As Sterman (2000) observes, this 

rests on a hydraulic metaphor – the understanding of variables as flows of water 

into and out of reservoirs or bathtubs. The diagrams consist of several compo-

nents: stocks (rectangles, to illustrate containers), inflows (arrows, illustrating 

pipes, entering the stocks), outflows (arrows leaving the stocks), valves (control-

ling the flows), sources (clouds, illustrating the origin of the resources in the 

stocks outside the system boundary) and sinks (clouds to illustrate the destination 

of outflows outside of the system boundary). These stocks and flows can be read-

ily turned into equations, described in a simple computer modelling language, 

from which simulations can then be drawn. Figure 5.2 illustrates a stock-flow 

model in system dynamics. 

 

 

Fig. 5.2: Example of a simple stock and flow map (adapted from Sterman 2000, p.205) 
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System dynamics exemplifies the double transition described in the introduc-

tion to this chapter. It had its roots in highly technological disciplines of computa-

tion and automation (servomechanisms and early digital computers). These were 

progressively applied to larger and more complex systems, becoming increasingly 

human-centred. The shift from quantitative to qualitative can also be readily ob-

served in system dynamics, especially in its use by the practitioner community, al-

though quantitative system dynamics is still highly respected as an academic field 

and forms the foundation of the qualitative approach.  

The successes of system dynamics in a number of areas have led some of its 

practitioners to assume that it represents the whole field of systems thinking. This 

is not so, but it does serve as an excellent starting example for the trends discussed 

in this chapter, which we will go on to see in the remaining cases. 

3. Viable systems: from cybernetics to management 

We next turn to a modelling approach that was again developed in the context 

of management, but unlike system dynamics has seldom been used outside of a 

management context, although it has moved beyond the sphere of business organi-

sations to use in large-scale governmental settings. The Viable System Model 

(VSM) was developed by Stafford Beer, a larger-than-life British management 

consultant who developed the concept of ‘management cybernetics’ as an exten-

sion of the principles of cybernetics to management.  

The core concept of the Viable System Model is viability, which Beer took to 

mean the extent to which systems are “capable of independent existence” (Beer 

1984, p.7). The term is a familiar one in a biological context, for example referring 

to the capacity of a foetus to exist outside of the womb. In broader contexts it has 

largely become superseded by the related term ‘sustainable’, which refers to the 

capacity of a system to remain in existence given changing external pressures put 

upon it. 

The VSM serves as another example of the transfer of technical models and 

experience to human situations. The technical sources were several: cybernetics, 

with its mixture of machine and animal (the primary source for the work); opera-

tional research, with its mathematical models applied to practical situations; and 

the somewhat mechanistic form of neurophysiology that was then dominant 

(which in turn had connections to cybernetics through the work of authors such as 

Warren McCulloch, a neurophysiologist who chaired the Macy conferences on 

cybernetics, and who Beer regarded as a mentor). Beer also took inspiration from 

prototype and theoretical machines built by himself and others, designed to test 

various questions, such as the nature of learning in the human mind (Pickering 

2004). The application to the human domains of business management and gov-

ernment is very clear, and Beer’s primary goal in his work; but the other part of 
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the transformation outlined in this paper was also somewhat present, as the model 

took its final form in a set of diagrams. 

Rather more strongly than some of the models we discuss in this chapter, the 

VSM was very largely developed by a single individual, so it is worth briefly dis-

cussing his background. Stafford Beer (1926-2002) first entered management as a 

captain in the Gurkha Rifles in India. Upon leaving the army in 1949, he worked 

for a division of the UK’s then-largest steel company, United Steel, where he set 

up the company’s operational research and cybernetics group. He left that com-

pany in 1960 and subsequently worked largely as a management consultant, first 

with a company he established, then after four years working for a publishing 

company, as an independent consultant. From 1970 to 1973, he carried out his 

most influential piece of consultancy, working in Chile with the democratic-

Marxist government of Salvador Allende to restructure that country’s economy on 

cybernetic lines. Despite the end of that government in a brutal military coup (fol-

lowing which Beer, who had been wealthy and successful, renounced his material 

possessions and moved to a cottage in rural Wales), he later worked with several 

other commercial organisations and governments, especially in Latin America. In 

addition to his practical work, Beer was deeply involved in the theoretical devel-

opment of management cybernetics. He published several books, was president of 

international learned societies in systems, cybernetics and operational research, 

and was a visiting professor at several universities. More information on Beer’s 

life and work can be found in Ramage and Shipp (2009) and Rosenhead (2006). 

Beer’s conception of the viable system rested on the work of Ross Ashby, a 

psychiatrist who carried out important early work in cybernetics and wrote the 

first textbook in the field (Ashby 1956). Central to Ashby’s work, and to Beer’s 

development of it, was the concept of variety, defined as the number of possible 

states that all the variables in a system combined can take, and thus forms a meas-

ure of the complexity of a system (Beer 1974). From this concept, Ashby devel-

oped a theory of the level of complexity necessary to regulate a system, the Law 

of Requisite Variety. This law states that the regulatory part of a system must con-

tain as much variety as the part of the system being regulated. This does not mean 

that a financial regulatory agency (for example) must contain the same level of 

staff and possible states as the financial institutions which it regulates, but it must 

contain sufficient complexity to be able to control all the possible states and trans-

actions of those institutions. Beer (1984, p.11) wrote that “it has always seemed to 

me that Ashby’s Law stands to management science as Newton’s Laws stand to 

physics; it is central to a coherent account of complexity control”.  

Ashby derived his ideas from two key sources: his psychiatric practice (mental 

processes form a key part of his work) and his development of analogue com-

puters, most notably the Homeostat. This was intended in a mechanical device to 

mimic the biological processes of homeostasis, and ultimately to model the learn-

ing processes of the brain with its capacity to learn from the environment, but to 

remain in a steady state. It formed the basis for Ashby’s second major book, De-
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sign for a Brain (Ashby 1960), and in the insights it gave into a system’s capacity 

to adapt to change, it led clearly into Beer’s conception of a viable system.  

By his own account, Beer went through several attempts to describe the model 

of a viable system in a way that was both theoretically rigorous and practically 

useful. In the first place he expressed it in terms of mathematical set theory (Beer 

1959); in the second, in terms of a neurophysiological model that Beer always in-

sisted was not ‘merely’ analogous but really drew on a commonality in the under-

lying structures within both organisations and brains (Beer 1981); and lastly in 

terms of a set of highly-complex, rigorously defined, diagrams (Beer 1985). It is 

this final form – the VSM as a set of diagrams, looking a little like circuit dia-

grams (see figure 5.3) – that has endured as the mostly widely-understood form of 

the VSM. It is worth observing that in Beer’s view, regardless of the changing 

form of the VSM, it was always conceived “in terms of sets of interlocking Ash-

bean homeostats. An industrial operation, for example, would be depicted as ho-

meostatically balanced with its own management on one side, and with its market 

on the other. But both these loops would be subject to the Law of Requisite Vari-

ety.” (Beer 1984, p.11). 
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Fig. 5.3: Example of a Viable Systems Model diagram (Hoverstadt 2010, p.89)  

As a model of a viable system, the VSM consists of five subsystems (referred 

to as Systems One through Five), which in turn fulfil the functions of implementa-



12  

tion, coordination, control, planning and policy-making. Beer defines a clear set of 

communications and monitoring channels between these sub-systems, and shows 

the ways in which they must be in a homeostatic relationship to maintain the vi-

ability of the overall system. There are two important further features to the 

model: first, it is recursive, in that “any viable system contains, and is contained 

in, a viable system” (Beer 1984, p.22). Second, it is not hierarchical: while the five 

subsystems may superficially look like layers of an organisational hierarchy, they 

are to be considered as roles, with one person or group able to hold more than one 

role. Nor is one role to be considered ‘higher’ than the other. In a story Beer 

(1981, p.258) liked to repeat and incorporated into his later thinking, he presented 

the VSM and its five subsystems to Salvador Allende, who on seeing System Five 

(the policy-making role) said “Ah! El pueblo! [The people]” – not the president or 

the chief executive.  

The VSM has had many critics. It is complex, written up in a series of at times 

quite hard to follow books, rather focused on the structure of organisations rather 

than any other aspect of their operation, and risks being somewhat rigid – Beer’s 

ultimate definition of viability is that a system matches the structure of the VSM. 

Also, despite Beer’s own advocacy of decentralisation, adaptability, and freedom 

– and his close working with the democratic Marxists in Chile –  there is a risk of 

the VSM lending weight to those within existing power structures who wish to 

strengthen their power through controlling others. As Jackson (1989, p.435) sum-

marises these criticisms, “the imposition of a particular design may become fixed 

and prevent necessary adaptation … the VSM can easily be turned into an auto-

cratic control device serving powerful interests”.  

A consequence of these issues is that the VSM, while it was used in many dif-

ferent organisations by Beer himself and has been taken forward by a small group 

of his close colleagues, has never quite had the impact of other major systems 

models and approaches. It is widely known and respected in the literature, and at 

least in the UK forms part of the curriculum in systems thinking in a number of 

universities (including our own university – see Hoverstadt 2010), but it has had 

less practical impact than it might have done. 

However, for the purposes of this chapter, the VSM forms a very interesting ar-

tefact as a further example of a model, firmly within the domain of systems think-

ing, which drew its inspiration from several technical sources, but shifted its do-

main of application towards human systems (organisations and government), and 

its primary means of expression towards the largely qualitative (the diagrams ex-

emplified at figure 5.3). It drew on different sources and produced different results 

from system dynamics, but exhibited the same trajectory, which we will also see 

in the following two examples. 
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4. Energy systems language: from electrical circuits to 

ecosystems 

One of the classic scientific approaches is to interpret the world through a sin-

gle key factor. This could be regarded as reductionist or over-simplistic, but in 

some forms of modelling (where abstraction away from detail and towards key 

factors is crucial) it can prove to be highly productive. This was so in the case of 

our next example, the Energy Systems Language (ESL) of Howard Odum, who 

carried out the bulk of his work in the field of ecology and took ecosystems as his 

primary area of interest, but argued that his approach was strongly generalizable. 

As we will show throughout this section, Odum’s work makes for an interesting 

comparison with the system dynamics and viable systems approaches already dis-

cussed. 

For Odum, the single key factor through which he viewed the world was en-

ergy. He wrote that “the energy language is a way of representing systems gener-

ally because all phenomena are accompanied by energy transformations” (Odum 

1983, p.5). Odum constructed a sophisticated series of diagrams – the energy sys-

tems language – to model energy flows within systems. It appears from Odum’s 

diagrams and writing that he conceived of energy in a predominantly physical 

way, rather than as a form of metaphor. It might seem that this would limit his ap-

proach to only being applied to the physical sciences, such as the ecosystems with 

which he was principally concerned, but in fact he did attempt to generalise his 

work. 

As with Stafford Beer and the VSM, the ESL was very much the individual 

product of Howard Odum’s work over many decades, and so his life and its influ-

ences on the language is worth examining. Howard Thomas Odum (1924-2002) 

was the son of a prominent sociologist, Howard Washington Odum, and to distin-

guish the two was always known as Tom or HT. The elder Odum encouraged his 

two sons, HT and his brother Eugene, to enter science, and both became promi-

nent ecologists – Eugene Odum was author of one of the key textbooks in the field 

(E.P. Odum 1971), which drew on and popularised HT’s energy systems dia-

grams. As a child, HT Odum was highly influenced by marine zoology, but also 

by a 1913 book called The Boy Electrician (as discussed by Taylor 1988), which 

would have an important influence on the development of the ESL. 

HT Odum spent most of his life as an academic, largely at universities in the 

southern states of the USA (North Carolina, Texas and Florida), with the largest 

part of his career at the University of Florida. He carried out detailed fieldwork in 

a range of ecological settings, including freshwater springs, coral reefs, large 

ocean bays and tropical rain forests. Some of his more notable field sites included 

a river ecosystem in Silver Springs, Florida (the site of one of his earliest uses of 

energy systems diagrams, in Odum 1957); the US atomic testing site at Enewetak 

Atoll, in the Marshall Islands; the delicate south Florida wetlands; and the entire 

Gulf of Mexico. He was a much-loved teacher of generations of American ecolo-
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gists (Brown et al. 2004) and intellectual leader – he is widely credited as being 

one of the founders of systems ecology and ecological engineering. He was chair 

of the International Society for Systems Sciences and (with his brother Eugene) 

received the Crafoord Prize, the premier international award for ecology.  

Energy was at the heart of his theoretical work, as well as his systems models. 

He developed the maximum power principle, derived from the work in thermody-

namics of Alfred Lotka, which suggested “systems prevail that develop designs 

that maximize the flow of useful energy” (Odum 1983, p.6). He also created the 

concept of ‘emergy’ (embodied energy), based on an argument that to determine 

the true cost of a product or service, we must map the entire energy required at 

each stage of its production and not just its final energy costs – a familiar idea to-

day in a world of carbon footprints and lifecycle CO2 costs, but an unusual one in 

the early 1970s when it first arose.  

Detailed discussions of the development of the Energy Systems Language – 

originally called the energy circuit language by Odum, immediately demonstrating 

the influence of electrical circuit diagrams, and occasionally later known as En-

ergese – can be found in Brown (2004) and Taylor (2005). In its earliest form, in 

discussing the Silver Springs work, it consisted of a diagram of a river system, 

showing flows of energy in and out of the ecosystem. As Taylor (2005, p.66) ob-

serves, “measurement was central to Odum’s ecology … by collecting data for an 

entire system and summarising them in flow diagrams, the systems ecologist could 

act as if the diagrams represented the system’s dynamic relations”.  

With his boyhood electrical interests, it was a natural next step to convert these 

energy flow diagrams into an existing, highly developed, diagrammatic represen-

tation of energy – an electrical circuit diagram. By modelling ecosystemic energy 

flows as equivalent to electrical circuits, Odum was able to simulate the behaviour 

of those flows, first in an analogue computer and subsequently as digital computer 

programs.  

Although Odum continued to use both flow diagrams and electrical circuit dia-

grams to model energy flows for some years, from the mid-1960s onwards he de-

veloped a set of more stylised and abstracted diagrams for his modelling. The 

symbols in these diagrams represented such factors as energy sources, energy 

storage, heat sinks, various forms of energy transformations, and so on. By the 

mid-1970s, they were well developed and sufficiently standardised that Odum 

produced sets of green plastic templates to enable users of the diagrams to draw 

the symbols easily. Around the same time, Odum recognised that there was con-

siderable overlap between his symbols and those of system dynamics – both drew 

on a hydraulic metaphor of flows and tanks, and both relied heavily on feedback. 

He published two papers comparing the approaches, and made some use of For-

rester’s Dynamo compiler in his simulations, but the two approaches have always 

remained separate.  

Odum’s ESL diagrams became increasingly sophisticated both in form and in 

content. As Brown (2004, p.91) observes, by the early 1970s, “it was nothing for 

diagrams to have dozens of compartments and processes, with lines traversing the 
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page. Often publications reverted to fold out pages in order to accommodate gi-

gantic diagrams summarizing everything believed important about one system or 

another”. In terms of the form, ESL reached its high point in the book Systems 

Ecology (Odum 1983), which covers the form of the language – generally referred 

to as energy circuit language in the book – in great detail, as well as discussing 

many other systems modelling languages. In its mature form (see figure 5.4), ESL 

became a very powerful way of modelling the dynamic behaviour of ecosystems, 

via an understanding of their energy flows. As was the case with the final form of 

the Viable Systems Model, Odum viewed his diagrams as mathematically rigorous 

(“picture mathematics”, as described by Brown 2004, p.84). 

 

 

Fig. 5.4: Example of an Energy Systems Language diagram (adapted from Odum 1983, 

p.9) 

In this chapter, we have largely stressed the capacity of ESL to model ecosys-

tems. This is appropriate given Odum’s background and interests; and most of his 

work and that of his students and colleagues did indeed use the ESL to study eco-

systems rather than other forms. Moreover, he argued that ecosystems are a good 

way to approach general systems: “intermediate in size between the microscopic 

and the astronomical, ecosystems have easily recognizable parts, so that emphasis 

can be placed on the study of relationships” (Odum 1983, p.ix). Ecosystems for 

Odum were not just concerned with the physical environment – the role of human-

ity as an integral part of ecosystems was critical to his modelling, and he drew out 
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many lessons for agriculture and humanity’s relationship with nature from his 

models. 

However, Odum was clear that the modelling language had a much greater ca-

pacity, and was relevant to systems of all kinds. The second edition of his book on 

the ESL was entitled Ecological and General Systems (Odum 1994), and indeed 

Brown (2004) reports that this was Odum’s preferred title for the first edition but 

he was discouraged by his publisher. Odum was very aware of the proliferation of 

modelling languages in the systems community, and while president of the Inter-

national Society for the Systems Sciences he “called for a project to translate 

models of all scales into systems diagrams so that everyone could better under-

stand them” (Brown et al. 2004, p.6). In fact, he went somewhat further than this 

call for unity, arguing that ESL could become a common diagrammatic form for 

all systems modelling: “few people can, or often are, given means to read other 

people’s theoretical formulations … the language could provide a means for elim-

inating the ‘tower  of Babel’ that now exists in the dispersed literature” (Odum 

1983, p.579).  

It is unfair to regard Odum’s call for unity via the ESL as him over-reaching 

himself – it represented a genuine concern for the multiplicity of modelling ap-

proaches and the lack of connections between them. However, a single unified 

modelling language for systems has yet to be developed, and given the different 

purposes and approaches to modelling seen in this chapter (and in the whole book) 

it seems unlikely that such an approach will arise easily.  

With energy systems language, we have seen a further example of the transition 

in systems models from techniques applicable to technological situations (here, 

electrical circuit diagrams) to human situations; and in this case using largely 

qualitative approaches through diagrams. In our final example, we will see an 

even greater emphasis upon diagramming as a way to model systems.  

5. OU systems diagramming: from engineering to people 

Our final case study focuses on an approach that gives primacy to diagrams, 

treating them as a powerful form of qualitative modelling in their own right (al-

though sitting alongside other forms of modelling). Unlike the other modelling 

approaches discussed in this chapter, it was developed by a group rather than an 

individual: the Systems Group at the Open University (OU). Over a period of 

around thirty years, the OU Systems Group developed a distinctive approach to 

qualitative modelling that has appeared extensively in the teaching modules of the 

university, but has been little discussed in wider literature. We present it here not 

as a form of special pleading for our own university, but because it is a little-told 

story which gives useful further insights into the trajectories that have occurred 

within systems modelling. 
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The Open University is a British distance-learning higher education institution 

that was founded in 1969. It the largest university in Europe (based on its student 

numbers, with currently around 200,000 registered students). Almost all of its 

teaching is carried out at a distance, through printed and online course texts, au-

dio-visual materials and various forms of electronic communication. These are 

sometimes supplemented by occasional face-to-face tuition, through short tutorials 

or week-long residential schools. Clearly, as media and communication technolo-

gies have changed, so have the resources used by the university. For a number of 

years, it was famous for its late-night broadcasts on the BBC (British Broadcasting 

Corporation), which have now largely ceased; by contrast the use of computer-

based learning has grown steadily over the past thirty years or so. 

A ‘course’ at the OU (which would be termed a module elsewhere) is typically 

a large entity, requiring 300-600 hours of study, consisting of several textbooks as 

well as audio-visual material. Such a course is produced by a large team, consist-

ing of several academic authors, as well as media specialists, pedagogical advi-

sors, specialist administrators and others. It is produced with great care, often tak-

ing at least two to three years with an expected lifespan of around eight years 

before replacement (although usually with interim modifications). These courses 

are delivered by a nationwide network of specialist group tutors. The long lifespan 

in particular of these courses makes them fairly stable to examine as historical ob-

jects, although a deeper such study is beyond the scope of this chapter.  

Systems teaching has been part of the Open University since its inception. The 

Technology Faculty was one of the first areas to be established, consisting of three 

disciplines of analysis (electronics, mechanical engineering and materials science) 

and two disciplines of synthesis (systems and design), although inevitably depart-

mental structures have changed since. The systems group presented its first course 

in 1972, Systems Behaviour (course code T241), which analysed the structure and 

dynamics of eight different forms of real-world systems: deep-sea container ports, 

air traffic control, industrial social systems, local government, the British tele-

phone system, ecosystems, the human respiratory system, economic systems, and 

a shipbuilding firm. Following T241, several different courses were produced 

which similarly aimed to model a range of different types of systems, as well as 

many more courses which drew on systems techniques in the teaching of a spe-

cific domain (such as the environment, management, or information systems).  

To teach systems at a distance, with little if any direct communication between 

teacher and learner, leads to a quite different approach to systems. Approaches 

which rely on an apprenticeship model of learning (with a direct relationship be-

tween the teacher and an expert in the approach) will not work, nor will tech-

niques which are primarily hands-on. Moreover, the large student numbers (the 

biggest OU systems course, T301 Complexity, Management and Change, had 

more than 1000 students per year for several years of its life) and long lifespan 

means that teaching must be quite robust to multiple interpretations. Furthermore, 

in the early days of the OU, there was no recourse to computer technology; and 

students were very often working in isolation from others for the bulk of their 
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studies (albeit with occasional tutorial support). These led the group towards the 

extensive use of diagrams in their teaching, as a way not only to illustrate and help 

the student to appreciate the nature of systems but to model them and draw con-

clusions about them.  

As Lane and Morris have written, in one of the few discussions of OU systems 

diagramming in the wider literature, “it is our belief that diagrams are an impor-

tant aid to the process of systems thinking and practice, beyond the need just to 

communicate particular facts, ideas, or concepts to others in a particular visual 

product” (2001, p.719). Carrying out a brief analysis of key systems books and ar-

ticles in one of the core journals in the field, they argue that this view is different 

from that frequently found in the field, where diagrams “are largely illustrative 

and their construction not necessarily explained in any detail” (ibid., p.719), al-

though they note the extensive use of diagrams in Checkland and Scholes (1990) 

and in Senge (1990), two widely-read books in the application of systems thinking 

to management.  

OU systems diagrams developed in form and use over thirty years, culminating 

in a common text which detailed 25 different diagram types that had been used in 

various courses (Lane 1999) with guidance on where and how to use each type of 

diagram. The sources of these diagrams were many. Lane (1999) classifies them 

into three main types: “diagrams for exploring complex unbounded situations”, 

“diagrams for exploring bounded complex situations”, and “diagrams for helping 

to understand particular structures or processes in a bounded situation” (p.4). 

These diagram types were mostly adapted from different kinds of engineering 

diagrams, to illustrate the structure and behaviour of human-created artefacts. As 

seen in the list of case studies taught in the course T241 in 1972, many of the sys-

tems described in the early courses were precisely this kind of technological sys-

tem, albeit considered from a sociotechnical viewpoint that looks at the interac-

tions between technologies, people, organisations and society. By the time of the 

most recent undergraduate course produced by the OU Systems Group, Under-

standing systems: making sense of complexity (T214), produced in 2008, the same 

case study approach was used but largely to focus on human and social systems: 

the Internet, the environment, organisations, and criminal justice. Thus we again 

can see the transition from an engineering to a human perspective common to all 

the modelling approaches found in this chapter. 

Of the 25 diagram types found in OU courses, six have been frequently seen as 

most significant, and we will discuss each of these in slightly more detail. Each 

type of diagram was taught in a multimedia package (using Flash) produced by 

one of us in support of the diagramming pack (Shipp 2002). The six types of dia-

gram are as follows: 

• spray diagrams: a way of representing a body of connected ideas in a non-

linear manner, by beginning with a central term and drawing lines which con-

nect it to a number of sub-terms, which in turn ‘spray’ out to further sub-terms. 
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They were originally developed by Buzan (1974), and are closely related to his 

later mind-maps, but are simpler in form. 

• rich pictures: these are unstructured pictures, usually hand-drawn, of all the 

major aspects of a situation of interest (see figure 5.5). They aim to capture the 

full extent of the issues in a situation, before any thought is given to grouping 

those issues or presenting their structure, although some aspects of the relation-

ships between the issues is frequently illustrated through relative positions or 

simple lines to connect the issues. Rich pictures were developed by Peter 

Checkland for the first stage of his Soft Systems Methodology, as a way of ex-

ploring the nature of a “problem situation” (Checkland 1981, p.317).  

 

 

Fig. 5.5: A rich picture about rich pictures.  

• systems maps: a simple way to illustrate the structure of a system of interest. 

The major components of a system are drawn, either as separate elements or 

within sub-systems. A key decision in drawing a systems map is deciding what 

should be within the boundary of the system, and what should be outside of it 

(in the system’s environment). OU systems teaching has long recognised that 

this decision is a partial one that depends on the perspective of the individual or 

group drawing the map, and that a different analyst working at a different time 

might create a very different map. Systems maps derive from engineering dia-

grams intended to show the structure and components of a human-created sys-

tem. 

• influence diagrams: an extension of systems maps to show the relationships be-

tween the components within the system (see figure 5.6). They closely resem-
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ble the entity-relationship diagrams that have long been used within software 

engineering. By illustrating the influences between components, they enable 

the analyst to see clearly problems and possibilities arising from those relation-

ships. 

 

 

Fig. 5.6: Influence diagram showing some of the influences on company profits in a small 

production company 

• multiple cause diagrams: these rather distinctive diagrams are used to examine 

process, and to make sense of the underlying causes of events (see figure 5.7). 

The purpose of the diagrams is to examine the multiple causes behind particu-

lar events and processes, rather than focusing on circular causality in the way 

that cybernetics does (although they do sometimes contain feedback loops). 

They serve a similar purpose to the ‘fishbone’ diagrams widely used in quality 

management, and developed by Kaoru Ishikawa (1990), but in a free-form 

manner and for use in a wider range of situations. 
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Fig. 5.7: Multiple cause diagram examining the causes of an influence in the number of 

administrators.  

• sign graphs: these are a specialised form of the causal loop diagrams from sys-

tem dynamics that were described earlier in the chapter, and emphasise feed-

back loops and the relationship between variables. In OU systems courses, they 

are often developed from multiple cause diagrams. Despite their close parallels 

to causal loop diagrams, Lane (1999, p.71) observes that they were “first used 

in the biological sciences in the early part of the Twentieth Century”. 

OU systems diagrams have largely been used for teaching purposes, but the 

large number of students who have studied systems through the OU (and British 

academics at other universities who have tutored on OU systems courses) means 

that they have spread quite widely, and have been used informally by a number of 

consultants. The lack of publication of the OU diagrams beyond teaching materi-

als, and the lack of a systematic methodology for their creation, means they have 

little presence in the academic literature. However, they form a further interesting 

example of the transition of systems modelling from engineering design to human 

issues, and towards qualitative approaches.  
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6. Systems thinking today: engineering and human systems 

together 

In this chapter, we have examined the trajectory taken by four systems thinking 

approaches to modelling: from quantitative to qualitative methods, and from engi-

neering to human systems. The same trajectory can be found in a number of other 

systems approaches, such as Peter Checkland’s soft systems methodology, which 

arose from the application of systems engineering techniques learnt from his ex-

perience working in the chemical industry to management problems (Checkland 

2000). This common trajectory somewhat reflects the backgrounds of those who 

developed these approaches, who often began working in a technical field but had 

a broad humanistic worldview and recognised that their models and methods 

could assist in wider social and organisational problems. 

Most of the work discussed here has been largely historical, being carried out 

in the 1970s and 1980s. What of systems thinking today? Looking at work in the 

significant systems journals, such as Systemic Practice and Action Research and 

Systems Research and Behavioral Science, or published in the conferences of the 

International Society for Systems Sciences and the International Federation for 

Systems Research, we see that the journey described in this chapter is largely 

complete. Most work reported in these publications relies on qualitative model-

ling, and they are mostly concerned with human situations, often at the organisa-

tional or group level, but increasingly (with environmental concerns being promi-

nent) at a larger scale. The same phenomenon can be seen in the authors discussed 

in Ramage and Shipp (2009) and in book-length works by contemporary systems 

thinkers such as Jackson (2003), Bateson (2004) and Meadows (2008). 

Not all systems thinkers are so devoted to qualitative approaches. There re-

mains a strong quantitative element in system dynamics, with many articles in the 

journal System Dynamics Review drawing on quantitative models, and strong work 

in textbook form with a quantitative slant such as Sterman (2000).  

The quantitative tradition in systems modelling also continues in a number of 

areas which have their roots in general systems theory and cybernetics, but which 

have worked under other labels than ‘systems thinking’. Notable here are fields 

such as complexity science (Kauffman 1995), network theory (Barabasi 2002), 

systems biology (Werner 2007), and systems engineering (INCOSE 2006). All 

four of these fields take a ‘systemic’ approach, in that they are concerned with the 

behaviour of whole systems, and all four of them are showing noticeable growth, 

with active conferences and journals in each field. The double trajectory described 

for systems thinking is partially occurring in a number of these fields, at least in 

that their area of interest is widening to human situations.  

So what lessons can be learnt from the history of modelling within systems 

thinking that can be applied elsewhere? First, at the start of this chapter we dis-

cussed systems thinking’s distinctive understanding of the nature of modelling. 

This understanding is useful to a range of modelling techniques. As we argued 
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earlier, many approaches would advocate such an approach but in practice do not 

display it.  

The second lesson concerns the nature of mid-sized human domains. We have 

presented the quantitative-qualitative shift as somewhat separate from the engi-

neering-human shift. In fact, one could argue that they are closely linked: as the 

domain of application has shifted, so too have the modelling techniques useful to 

making sense of that domain, especially if there is an attempt to create the models 

in a participatory manner. If other modelling techniques are used in human situa-

tions, the same shift towards the qualitative may well occur.  

There is a third lesson to be drawn out of the discussion here: that the charac-

teristics of the modeller are often as important as the nuances of the modelling 

language used. In three of the cases discussed, the modelling techniques arose 

from the work of a single individual (Jay Forrester, Stafford Beer, and HT Odum), 

and their success was strongly connected with the abilities of that individual. 

While the techniques could be taught to others, and in the case of system dynam-

ics in particular with great success, the founder of the approach was able to create 

models with an ease and dexterity that was much harder for those who followed 

him. All three of these individuals were colourful and interesting characters, much 

loved by their students and colleagues, and in many ways their impact came from 

their personality and exceptional ability as much as from their techniques. 

The final lesson from this chapter also concerns the context of the models used. 

We have somewhat conflated modelling techniques (or language) and the particu-

lar models created through the use of those techniques. The former may or may 

not have built-in assumptions. The specific models created very clearly do have 

assumptions. If we consider environmental or economic modelling, there are huge 

numbers of possible variables that can be included in the model, and each can take 

several different starting values. How these variables are selected, and their start-

ing values assigned, is a matter of choice by the modeller(s). The choices involved 

arise from their assumptions about the nature of the world. In some kinds of mod-

els, they might even be called political or ideological choices.  

Models are not neutral, objective, statements of reality. They are messy, selec-

tive and deeply personal. Good modellers in all fields know this, but by looking at 

modelling within systems thinking it is especially exemplified and made clear. 

Models are powerful and interesting, but they are a human artefact, created for a 

particular purpose by particular people, and it is important to understand this in us-

ing and discussing models. 
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