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Editor-in-Chief

Editorial by Editor in Chief
Welcome back to the Systemist. In 2012 the UKSS decided to move Systemist into
the commercial arena. A good relationship had been developed with our American
publisher IGI through earlier connections with another of their publications
[IJITSA]. We created a new Systems journal entitled ‘The International Journal of
Systems and Society. We decided that to maintain the Society’s connections to our
long history and a clear link to our members we included Systemist within its
covers. It is important to note that the UKSS retained ownership of Systemist and
its associated Gold Medalists. The first edition of the International Journal of
Systems and Society was published in 2014 and we published two editions per year
until 2018. In 2018 a text was published with selected papers from earlier editions
of the journal. These papers were developed further into chapters providing
insightful accounts of Systems practice. This text is entitled ‘Systems Research for
Real World Problems’ and is published by igi Global.
New Systemist
In the past decade or so many commercial journals have incorporated a software
system to underpin their editorial process. This has acted to create a disconnect
between the editor and the publisher. There is a move away from the personal
connections between the journal and the publishing editors in favour of a computer
based ‘system’. This has many advantages such as reducing the amount of
administration that the editorial team have to undertake, but it sometimes causes
frustration when the submission system is counter intuitive. The editors responsible
for the processing of the paper such as checking references are often located
thousands of miles from the home base of the journal. These, doubtless, well
qualified colleagues may have little or no knowledge of the subject matter nor of
the history of the journal itself. The disconnect is highlighted further by the fact
that once submitted the journal’s academic editorial team are more or less
powerless to intervene at any stage even when an author asks for assistance – the
software may rule out an appeal about a technicality such as a rejection of the paper
that has not been submitted as the software expects. We are not alone in voicing
this frustration. But because papers are still judged by the star rating of the journal
in which they are published [despite the REF guidelines]career minded academics
have little alternative but to accept these processes. Bearing this in mind it is
important to note that although the Systemist submission system is front-ended by
IT the editorial team are very much ‘hands-on’ and will communicate directly with
authors throughout. The EiC and Managing Editor will be available to discuss
difficulties or queries that our authors might experience.
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The UKSS management team, decided that the new Systemist would pick up where
it left off 7 years ago and produce a journal for our community. The significant
difference between the new Systemist and the previous incarnation is that Systemist
will be published on-line and hard copy for those that require it. It will be embedded
in the Systemist website and linked to the UKSS website. In the case where an
author wants a hard copy this will incur a charge to the author to cover publishing
costs. All papers will be at least double blind refereed and published papers will
be open access following the publication on the UKSS web page.
In summary Systemist will:
1. Be published annually [There may be an additional copy for conference
proceedings]
2. Provide, for members, a digital version of the complete journal sent directly
to their email address and a complete hard copy will be made available for
the British Library and for purchase. The cost of the hard copy will depend
upon the prevailing publication costs. The on-line version will be displayed
as the complete edition with journal citation references such as issue
number, page numbers etc. Each edition will be posted on the Web for those
interested to discover
3. Have a human connection throughout the editorial chain
4. Editors will consider any topic using Systems or holistic approaches
5. Ensure proper refereeing is carried out, but the responsibility for the
assertions and conclusions are those of the author and do not reflect the
policy of the UKSS
6. Recruit editors from those members who have shown their active support
for the journal and the Society. We do not seek to have a long list of referees
as these are too often window dressing – I have found that often many socalled referees are reluctant to undertake refereeing yet are happy to have
their name associated with a particular journal.
7. Will be edited and operated through the EiC and a Managing Editor assisted
by a small team of commissioning editors.
8. Will stand alone pursuing quality publications and not become side-tracked
by the requirements HE research exercises, SJR or Impact factor ratings.
This edition provides an insight into the breadth of Systems thinking and practice.
We have papers from Philosophy, Critical Theory, Soft Systems, VSM and
Technology. Our hope is to attract colleagues from other disciplines who approach
their subject from a holistic perspective. We would like to hear from colleagues in
Education, Health, Environment, Mathematics, as well as those in IT/IS,
Management and Cybernetics as presently. If you know someone who you think
5
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uses ‘Systems Thinking’, even though they may not call it that, please encourage
them to submit in a paper or send in an opinion piece for our news letter
I hope that you enjoy this edition,
Good Systems thinking
Frank Stowell
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Editorial to Issue 41(1)
This is the first edition of a new look Systemist, and my first as Managing Editor. I
am excited and energised by the potential of this journal in its renewed mission to
publish Systems ideas and, especially, to promote dialogue between those ideas
and their use in practical settings. As Immanuel Kant is reported to have said:
‘Experience without theory is blind, but theory without experience is mere
intellectual play’ 1. It has long been a problem in academic life that scholars have
tended to surround themselves with screens, marking off one area of understanding
from another and in the process narrowing their focus. Systems, as a lens for
looking at the World, enables as to look beyond these divisions among forms of
knowledge. Our stance is interdisciplinary, looking for interconnectedness within
and among the phenomena we observe and experience, rather than opportunities to
isolate and classify. Interdisciplinarity ‘interlocks with the concerns of
epistemology … and tends to be centred around problems and issues that cannot
be addressed or solved within the existing disciplines, rather than a quest for an
all-inclusive synthesis’ (Moran, 2002).
It is unfortunate that the exigencies of academic life have driven even Systemists
into a tendency to divide and classify. I once encountered a colleague as I was about
to enter a seminar on Modelling and Simulation. He said ‘What are you doing here?
You are a soft Systems person.’ Well, yes, I have used soft Systems ideas but that
does not mean I cannot appreciate that there is a role for hard methods in tackling
real world issues and problems; a role that is complementary, and not in conflict
with other Systems approaches. Our choices among systemic approaches should be
determined by context, interests and perspectives on problem spaces and the ways
in which we perceive systems of interest. Methods become more or less useful,
singly or in plurality, depending upon the context of use - always assuming that
choice is logical and use is epistemologically sound. Reflecting upon the future of
interdisciplinarity, Graff (2015, p.215) suggests ‘What is at stake is nothing less
than the framing of efforts to make progress on major intellectual and social
problems; issues of public policy; expectations and anticipations; the allocation of
resources, including the time and efforts of people and institutions; the articulation
of organizations and structures; and professional careers and human lives.’ This
also resonates in relation for Systems research.

1 Society for the Advancement of General Systems, Vol. 7-8 (1962), p. 11, by the Society for the

Advancement of General Systems Theory.
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As Gibbons, et al (1994) pointed out, production of new knowledge may come
from two directions. ‘Discovery mode’ may be the province of scholars and
experts. It is curiosity-driven and validated within officially-sanctioned
institutions, through peer scrutiny. In the second mode, inquiry is context-related
and progress is non-linear. Exploration relates to resolution of shared
problems/issues. Often, this second mode of knowing is intended to be exploited
for the benefit of some (specific) stakeholders, and it is validated through (ad hoc)
communities of practice that espouse shared values and understandings. In our own
field, it is vital that these two strands are brought together to harmonise and reenergise one another in developing tools and techniques to tackle 21st Century
problems. This journal welcomes contributions from every area of Systems
thinking and practice.
In this issue, there are six papers that serve to represent the broad church that is
‘Systems’. The first paper, from Lucia Urbani Ulivi and Primavera Fisogni,
discusses the concept of individual identity, long the subject of discussion within
the realms of philosophy and psychology. These authors bring a Systems lens to
bear on the issue. Considering identity as a ‘whole’, they use the concept of
constraint from the field of biology to view identity as a result of process within
particular constraints. It is then suggested that consciousness can be interpreted as
an emergent property of continuous interactions between processes and constraints.
With the second paper in this issue, we move from this very specific focus to a
broader view as Prof. Emeritus Michael C Jackson looks back over the
development of Critical Systemic Thinking, its impact in many fields of social
endeavour and the work that still remains to be done. He comments that, at the end
of the 1970s, some authors pointed to a Kuhnian crisis in Management Science, in
which systems analysis and systems engineering were no longer perceived to be
adequate to the challenges posed by management, and that CST arose in the context
of this lacuna, taking a philosophical turn inspired by the work of the Frankfurt
school. Reading these first two papers reminded me that Systems thinking can
always be seen as an exercise in practical philosophy, since it frequently takes us
on a journey that touches on ethics, decision theory, value theory, reflective
practice, and so on. It requires that we question our own assumptions, as well as
those of others. The next paper is from Prof. Frank Stowell, who also draws upon
Continental Philosophy, but takes a phenomenological stance to consider how the
ideas underpinning a soft systems approach could help us to manage the constant
stream of ‘information’ that threatens to overwhelm us in the 21st Century. He
highlights the importance of subjectivity in shaping our thinking and influencing
our behaviour, suggesting that recognising this may help us to put into context and
critically evaluate the ‘information’ we receive. The fourth paper also considers
8
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information, but from a content perspective. Xioping Shen, Lishuan Qin and
Junkang Feng discuss the nature of modern Information Systems, perceiving that
the notion of Information Content is rarely defined. They consider this to be
unsatisfactory and seek for a better approach, drawing upon a number of qualitative
theories in order to highlight a conceptual framework consisting of source, bearer
and receiver. They use this as a framework to formulate proposals for information
content mapping for information integration. In the fifth paper of the Issue, Petia
Sice, Garry Elvin, Lee Walton, Chirine Riachy, Corinna Zink, Laurie Rauch, and
Yilun Shang report on an impact study for a lung benefitting and strengthening
exercise based on a practice from traditional Chinese medicine. These authors draw
upon autopoietic theory of self-organization in living systems to inform their
evaluation and ensure data reliability. They suggest that data quality is enhanced
by focusing patient’s awareness in their immediate embodied experience. In
complete contrast, the final paper in the Issue from Christine Welch, Tammi Sinha
and Christopher Milner is concerned with readiness for change within business
organisations. These authors consider the nature of organisations as dynamic open
systems, seeking to maintain viable relations with wider systems and the
environment. The endemic and accelerating nature of change in the business
environment is discussed, with the resultant need for continual innovation. The
paper goes on to consider whether Beer’s Viable Systems Model can be used as a
vehicle for reflection by managers seeking to maintain viability during periods of
rapid and continuing transformation.
I am indebted to the following people for their help in reviewing and processing
the content for this edition:
Dr Peter Bednar, University of Portsmouth
Dr. Alex Bennett, University of Portsmouth
Gary Evans, Bournemouth University
Dr Junkang Feng, University of the West of Scotland
Umberto Fiaccadori, Lund University, Sweden
Prof. Gerald Midgley, University of Hull
Prof. Frank Stowell, University of Portsmouth
Dr Paul Summers, Solent University
Dr Sahra Taylor, City, University of London
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I look forward to receiving and processing contributions for the next edition of this
journal from Systemists of all traditions and a wide range of contexts and
disciplines. I would also be glad to hear from anyone who would like to review for
the journal. I sincerely hope by the time I write the next Editorial, means will have
been found to bring the pandemic under control and permit normal life to resume.
Christine Welch

Gibbons, M., Limoges, C., Nowotny, H., Schwartzman, S., Scott, P., Trow, M. (1994). The New
Production of Knowledge: The Dynamics of Science and Research in Contemporary Societies.
Sage.
Graff, H.J. (2015). Undisciplining Knowledge. Baltimore: John Hopkins University Press.
Moran, J. (2010). Interdisciplinarity. 2nd Edition, New York: Routledge
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Identity Within Constraints
Processes of Systemic Anthropology
Lucia Urbani Ulivi, Catholic University in Milan, Italy
Primavera Fisogni, La Provincia
Received: 15 March 2020
Accepted: 15 May 2020

Abstract
What makes the identity of a person at a time or through time has been an open
question for philosophy since the very idea of the individual Self failed the scrutiny
of Hume (A Treatise of Human Nature, 1739). If we accept Humean skepticism, we
are forced to reject the strong confidence we have of being an individual, and if we
refuse the denial made by Hume we must find reasons to support our view. Since
traditional conceptual patterns explored by philosophers have proved unable to
find any valuable answer to Hume’s challenge, our first move is to introduce new
concepts, better suited for this task. Human identity deserves any renewed
comprehension efforts since what we think we are will not remain an academic
exercise, but will strongly influence the way we behave in our community.
In this paper we focus upon identity according to System Thinking (Bertalanffy,
1967; Urbani Ulivi, ed. 2019 a; 2019 b), that drafts attention to whole entities and
to their properties, and inclined the research to the concept of “system”, which is
valuably applied across the disciplines.
We also introduce the concept of “constraint” developed mainly in biology
(Bizzarri, 2020) suggesting that identity is the result of an individual process
moving within particular constraints. In this frame consciousness – intended as a
conscious and explicit thought – can be interpreted as an emergence (or a systemic
property) of continuous interactions between (stable) constraints and (fluid)
processes, where unity is allowed by coherence, which maintains stability despite
systemic perturbations. Hence identity can be framed into a new philosophical
perspective, where traditional concepts, considered as worn and inadequate, are
fully rewritten. In the light of this investigation it will be argued that 1)
consciousness stimulates top-down changes on both the body and the tacit thought
11
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and 2) the enlargement of consciousness is highly encouraged to accomplish
harmonic interactions among inferior/superior levels of the human beings. On this
basis it will be possible to sketch some main traits of ethics as an emergent
collective phenomenon.
Keywords: identity, process, constraints, system thinking, ethics
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Introduction
The general analytical and reductionist method still prevailing in our culture
doesn’t show any efficacy to cope with unitary, global and complex phenomena
such as human identity. Seeking a perspective that focuses on whole entities we
naturally turned to the concept of “system”, a comprehension tool introduced in
biology by Bertalanffy (Bertalanffy, 1950). The term met two elaboration destinies:
it underwent a specific theorization – the so called “Sistemics” – and has been
adopted in many disciplines – let’s just think to chemistry, psychology, ecology,
among many others - opening to inter- and trans- disciplinary well-grounded work.
Bertalanffy says”: “A system may be defined as a set of elements standing in
interrelation among themselves and with the environment” (Bertalanffy, 1967: 90),
hence the motto of Anderson “More is different” (Anderson, 1972).
Fifty years after Bertalanffy’s definition, the concept of system has been enlarged
by many contributions and changes, up to the nowadays stress upon coherence as
the connection factor giving unity to a phenomenon. The stable cornerstone of
systemic thinking is the concept of “emergence”, that draws attention to properties
and phenomena originated when a unitary set of interrelated elements is taken
under observation. Emergence can be of many kinds, but we only focus in this
essay upon “radical” or “creative” emergency as it is the type of emergency best
suited to point to human identity as a phenomenon different and new with regard
to its constituents.
It’s fair to acknowledge systemic researches for a strong innovative power, that
brought about a radical rethinking of many classical concepts, such as causality,
abduction, objectivity, subject-object relationships, and also introducing
previously unexpected ideas, such as logical openness, incompleteness, quasi-ness,
identity through dynamics, emergence, constraints, and many others. In reason of
its conceptual strength System thinking is expected to become a new paradigm and
to support a System philosophy, thus answering the demand for “new ideas”
requested in various fields. To better understand personal identity – the task of this
essay – we shall take into account mainly two concepts, emergence and constraint,
both the achievements of systemic and interdisciplinary work.
Premise
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We must overcome the contradiction between our certainty of being an individual
self and the lack of stable characteristics or properties that would prove such self.
In order to overcome this dichotomy we shall frame the problem into a new
philosophical perspective, where traditional patterns, considered as worn and
inadequate, are fully rewritten and new concepts are introduced to the philosophical
scenery.
Our first step is not to abandon our experience of being an individual self, while
the second step is to go in search of a criterion that could highlight such an
experience. Researching not only philosophy but also the sciences, 2 we find that
it is possible to develop a new philosophical perspective according to the idea of
‘system’ first offered in General System Thinking (Bertalanffy, 1967) and
successively introduced and developed in philosophy (Urbani Ulivi, 2019 a; 2019
b). In systemic perspective, the individual self – a complex and unitary
phenomenon – is an emergence of continuous interactions between (stable)
constraints and (fluid) processes, where unity is maintained by coherence, which
supports stability despite inner and outer perturbations acting on the system.
Introducing the concepts of emergence, constraints, process, coherence,
hierarchical levels, relationship, and many more developed in systemic thinking,
objects are no more to be thought of as fixed compounds of properties, but as
entities dynamically moving and changing in the world (Dupré, 2015). One could
think that we are adopting the ancient perspective attributed to Heraclitus, but if we
are to find noble ancestors, we would rather refer to Aristotle and to his idea of
substance as “a principle of activity” and not a fixed set of unmovable properties –
a current misunderstanding of Aristotelian concept of substance.
Personal identity is not a property nor a stable and identical group of properties,
but an entity that changes through time and finely interacts with the environment
at the light of incompleteness (Minati, 2019 b), giving rise to a narrativeness where
the individual and conscious ‘I’ write his/her story. An irreversible, historical
process within constraints, related to a plot of hierarchically, interrelated levels of
interactions, the human being is the recipient of both individual (mind, language,
feelings) and collective (morality, society, family, religion) emergences. In light of
2

In regard to sciences we are going to adopt a pluralistic view, overcoming the distinction
suggested by Dilthey between “natural” and “human” sciences (Dilthey, 1883) and also the use of
mathematical language introduced by Galileo Galilei as the peculiar trait of natural sciences. We
tolerantly admit that there are many different sciences, each having its own object, proper
investigation methods and empirical tests to proof or disproof a related theory.
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this investigation it will be argued that 1) consciousness stimulates top-down
changes on the body and is influenced by bottom-up events 2) the enlargement of
consciousness is highly encouraged to accomplish a harmonic interaction among
inferior/superior levels of the human.
To avoid misunderstanding, we wish to make clear that we do not put forward the
idea that systemic thinking is a universal key, good for any problem. We are
introducing the systemic perspective as a valuable and appropriate conceptual
toolkit to solve some – not all – traditional philosophical problems. In the next
paragraphs our effort will be to show that, when identity issue is debated, the
systemic point of view opens a new philosophical path.
Adapting comprehension tools to the specific characteristics of an object commits
to a pluralistic perspective both in ontology (Urbani Ulivi, 2019 b) and in
epistemology. According to this theoretical frame, subject and object are no more
viewed as abstract and separate entities but as matching each other in the act of
knowledge. Thus, in order to explore our multifaceted reality, we are expected to
take advantage from many different methods properly adapted to our
comprehension objectives. We follow the path opened by Aristotle for whom
knowledge is the result of dialectical interaction between the proposer and the
responder. 3 Aristotle’s suggestion is nowadays supported by Gerald Edelman,
whose neuroscientific research (Edelman, 2006) highlighted the selective activity
which brain performs over objects of knowledge according to its preferences,
choices and value systems.
Shaping Identity between Constraints and Processes
Personal identity, a much-debated issue, since it failed the scrutiny of Hume in A
Treatise of Human Nature (1739), has witnessed renewed interest in recent years
within neurosciences and the interdisciplinary approaches to Artificial Intelligence
(AI). Although some valuable goals have been achieved, there is no a wide
consensus among scholars about the core question that can be formulated as such:
what gives the feeling of being a stable possessor of personal identity, at a time and
through time?
Should we correct such a feeling and include it among illusions, since nothing in
the world helps to maintain it? Or could we support it through concepts and
3

The authors are indebted to Frank Stowell for clarifying this point.
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reasoning? We are facing the main challenge for philosophical anthropology, in
order to provide a criterion that could highlight both the unity of consciousness and
its radical changes. We ought to solve such prima facie tangled contradiction. It
should be carefully explained where the ‘I’ and the perception of the self - on which
individual consciousness is grounded – rests and how it can be integrated to the
multiple, temporal changes that occur in personal life.
It is a general and common experience to feel structural modifications of emotional
states, ideas, perspectives, points of view, that dynamically flow in the mobile
texture of our world, but, quite paradoxically, we also experience that these
Heraclitean intrinsic fluctuations happen to a person retaining its sameness through
changes.
Given all this, we should develop an effective theoretical strategy that does not
simply eliminate or correct the uncomfortable phenomenological data (for example
by denying the ego or devaluing changes to mere epiphenomena) but could be
sufficiently rich and profound to explain the several and varied facets of such a
complex issue.
What we are looking for is, in other words, a principle of unification capable of
adapting and responding to different historical demands, which is both stable and
ductile, invariant and plastic at the same time. In the classical philosophical
repertoire, the concept that best serves the purpose is provided by Aristotle’s notion
of entelechy (De Anima, II, 412, a27-b1), to be understood as the principle of
activity, expressed by semantically almost equivalent terms, such as nature,
essence, form, or even substance. Although promising and encouraging, entelechy
is strongly sub-theoretical. It needs to be made explicit, to be developed and
clarified. When poor conceptual availability is given in the context the philosopher
is familiar with, a fruitful strategy is to shift the vision to other domains. In the case
of identity, the concept of ‘constraint’ seems highly fruitful, because a constraint
is not a property, but a principle which disciplines the behavior of an entity, putting
a limit to its actions. Nevertheless, it is a topic studied in systemic and biological
researches. Biologists have brought attention to such a containment factor to
explain the reduction of possible biological choices in the production of new
phenotypic variants. (Bizzarri, 2020: 1) Also in everyday experiences, constraint is
a factor that limits or controls what one can do; it is a restrictive condition that puts
a limit on actions, by preventing someone from doing something. It is worth
noticing that constraint is not prescriptive of what one should do within such limits:
it is not a criterion of choice, rather it is a limit of one’s choices. Therefore,
16
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constraints tend to prohibit, not to prescribe: they are the stability factors of our
dynamic answers to the world.
On a theoretical ground, processes and constraints are deeply interwoven and
empirically experimented. Subjected to continuous change, processes of
acquisition, loss and identity are nevertheless defined by synchronic and diachronic
constraints. Within this frame, a human being is an entity who transforms
himself/herself over time into a process (Dupré, 2012) due to the interactions with
the internal and external environment, according to boundaries that guarantee
stability or the sameness of a person. Hence the changes allowed by constraints are
the basic factors of historical accuracy; they are the bounding factors of historical
development.
This highly complex dynamic can be understood only by throwing light on the
features that shape the human system, which are not explicit, nor can be inferred
from observation. The opaque region of possibilities that belongs to it makes
complete knowledge of the human being theoretically impossible. It therefore
follows that the ‘sense of the self’ is primarily rooted in the compliance of bonds,
and not in having certain properties and states, which on the contrary belong to the
field of the unnecessary, floating and replaceable. Identity, thus, can be interpreted
as an emerging second level or systemic level phenomenon of a human being
shaped between constraints and processes. These insights can be grasped, the
authors of the present paper argue, through a shift of paradigm introducing
constraints, systems and emergence as conceptual comprehension tools in
philosophical research.
Consciousness – intended as conscious and explicit thought – can be explained in
terms of an emergence (or a systemic property) of continuous interactions between
(stable or quasi-stable) constraints and (fluid) processes, where the unity of the
process is framed exteriorly by constraints, while within the constraints is allowed
by coherence, which maintains the connection recovered despite systemic
perturbations (Minati&Pessa, 2018). Coherence is the object of study and debate
in many fields, and we don’t enter here in the discussion. By “coherence” we
primarily refer to the bonds that provide unity to a process linking it within
structural dynamics, leaving apart its generative mechanism (Minati, 2019 c.).
Coherence also supports the unitary and integrated response of the system to
disturbances/perturbations, avoiding isolation or the independent organization of
some parts or functions. System thinking also highlights the field of possibilities
17
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that a natural entity can achieve reacting to the environments, within a frame where
structural incompleteness is a condition of the process.
Objectivity and Subjectivity of Constraints
The constraints on which identity is built are effective; however in many cases they
remain opaque to direct observation: they are indirectly derived from the behavior
of a system. This strong theoretical limitation can be overcome by abduction, the
cognitive tool provided by the inferences that work in contexts where the
information is not all specified. Abduction is our main cognitive instrument when
we move from the observable to the unobservable, that’s to say when we introduce
a theory that over-determines the observable data in order to explain available and
often contradictory data.
Opacity, originally a physical property of matter, is a keyword of systemic thinking
because it outlines the vast region of interactions (Vitiello, 2019) and secondarily
it brings to the surface some cognitive activities: precisely the inferences that the
mind operates in order to explain observed phenomena through laws, principles
and other phenomena of which it does not have direct knowledge. For a better
understanding of this passage, we can think of the surface of metal being hit by a
beam of light (Minati, 2019 a). This event gives rise to a series of feedbacks that
operate at a very inaccessible level, invisible, microscopic of matter. This area is
the core of a transformative process that occurs between an observable level of
description (processes of personal identity) and an invisible one (the domain of
constraints), between input (the beam of light) and output (the matter’s response).
Despite its invisibility, this ground provides a certain degree of understanding to
physical observation; it allows a hypothesis whose credibility is granted by the
verifiability (Vitiello, 2019: 45) of predictions taken from two visible regions of
the process: input/output, both observable
Our proposal for introducing some new concepts not only gives a better
understanding of personal identity, it also fruitfully helps to clarify or solve many
other philosophical problems.
From objectivity of constraints, for example, the objectivity of values can easily be
traced: they differ in ages and from culture to culture, but not for this reason they
are only subjective (ethical subjectivism or ethical emotivism) or do not exist
(relativism in ethics). Values are both objective and subjective, in different respect:
they are objective as long as they can exert effective action in the human world,
18
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prescribing what to do. And they are also subjective because they can be effective
if and only if they are subjectively accepted and shared by the members of a culture
or a society.
It can be said that values are not objective per se, but in virtue of their relation to
the constraints: they can evolve over time, depending on cultural layouts, but their
evolution is limited by constraints.
The Emergence of the “I” between Constraints and Processes
How can we account for the particular character of the ‘I’? This paragraph will
focus on the interrelation of constraints and dynamics that belongs to the
phenomenon of self-identity as an emergence of the human person.
Through the lens of System Thinking, ‘emergence’ is the key word for describing
complex issues that cannot be thought in terms of linear thinking. This concept, or
an explicatory tool, especially fits for those phenomena which result from dynamic
interplay. For its implication with several intertwining factors (body, emotions,
feelings, culture, languages, environments et.) the “I” properly dwells within this
conceptual region.
Hence identity may be included within the ‘emergent phenomena’ of the personal
condition that gives rise to an articulated dynamic, whose profile is close to the
experience of art (Barrow, 1995). What does it mean? A dance, a symphony, a
portrait of Leonardo can immediately refer to the very idea of a process that
emerges from several other processes working together as a whole. This reference
allows us to move deeper to the very heart of personal identity as a fluid, dynamic
phenomenon embodied into a set of limits only partially coming to each person’s
subjective experience.
Thinking of the human being, we have to consider species-specific boundaries (a
human individual has no gills, which belong properly to a fish) and cultural
limitations (a Muslim believer is allowed by his faith to marry up to four women,
a Christian person can have only one spouse). These – and many other- limits,
allow the emergence of a performance that depends on the interaction between the
constraints and the fluidity of interactions. An example of how constraints are
linked to processes comes from the Ten Commandments of the Bible, which
prescribes to people what is not due (boundaries) and, at the same time, leaves the
individual the possibility of doing several things respecting the limits of the
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prohibition itself (Libet, 2004). Take for instance “Thou Shalt not Steal”. It refers
to a wide number of actions, from robbing private property to human trafficking.
Until these possibilities remain unexplored, the seventh commandment, like the
others, plays the role of a veto, not an order. Each culture has its constraints that
explicitly, but also implicitly, shape the behavior of individuals. We would suggest
that to be a culture is to canalize individuals’ behavior within the limits of specific
and proper constraints.
Furthermore, we can also think of the Slalom, an alpine skiing discipline that results
from the interaction between technical constraints and the fluidity of the skier’s
movements. The skier has to move with precision within a course made by
alternating pairs of red and blue poles; he/she can take a direct line, or knock the
poles out of the way as he/she passes (blocking technique), or going around the
gate with the upper body well inclined (cross-blocking technique). When the ski
racer commits what is commonly known as the ‘fork’ of the poles, allowing the
passage of a ski inside the pole instead of outside, it costs the direct elimination
from the race. In other words, when the skier does not take into account the veto,
the slalom has no longer its proper identity and thus, for him/her the race must be
ended. This example sheds light on a very crucial aspect of the systemic interaction
of constraints and processes that consists in the generative power of their
polarization. Only the interplay among poles, the structure of the course and the
skier give rise to the entity as known as Slalom. Not the singular component of the
race, nor the race in itself are enough to make that particular competition. What we
aim to highlight is a further process, which can be grasped – in some way – but not
understood in detail, because it is theoretically impossible to express it in formal
terms or to reduce it to a linear inference.
The opaque region inhabited by constraints makes unattainable any complete
knowledge of the human being, dooming to failure any attempt to reach it. The
awareness of such theoretical limitation is a precious guide for searching within the
boundaries of what we can attain. It is now clear that we can aim at a general
comprehension of ourselves as humans, not to a detailed, complete one, and that
for this kind of knowledge we must discard a large set of concepts such as explicit,
complete, linear, analytic, deductive and efficient cause. We are bound to introduce
some new conceptual categories (Minati, 2013: 318-321) forged to understand
open and complex phenomena: quasi-ness, implicit, opaque, abductive, interaction,
top-down bottom-up meso-level causes, and many others related to these.

20

Systemist, Vol. 41 (1), September 2020

A Brief Focus on Coherence
A twofold question arises at this point of the paper, after having briefly sketched
the interrelation between constraints and processes.
How can identity emerge and in virtue of what kind of operation does this dynamic
work?
A brief focus on coherence is due, for it is what supports any emergence process.
In the biological condition of an individual, for instance, health is the state of
maximum coherence; conversely, any disease gives rise to the isolation of a part,
or function, or property of the whole system from the systemic unitary and general
coherence. The loss of coherence is one of the possible reasons why a process of
emergence may be extinguished as the consequence of an inconsistent
organization. For a living entity, death is the acquisition of a perfect equilibrium,
which is nothing but the incapacity to acquire a new temporary state. It is worth
noting that coherence relaunches into the systemic processes the idea that
overcoming contradictions results in philosophy in coherent reasoning (Minati,
2019 c: 15).
A concept belonging to the domain of physics (optics), coherence is also
historically rooted in philosophy for the role Thomas Aquinas assigned to
‘integrity’ in his doctrine about beauty (Opusculum De pulchro et bono). The
notion of integrity (integritas) presents a strong affinity with coherence, (even if
nowadays coherence and integrity have acquired slightly different meanings) and
we would like to suggest that it can be assumed to be the antecedent of that systemic
notion. A constituent trait of beauty, integrity gives rise – in an entity – to the light
that is the very trait of perfection of each being. The idea of integrity, in fact,
pertains to a certain «resplendentia formae super partes materiae proportionatas»,
where form is properly the organizational principle of the parts that provides unity
(coherence) to the object of beauty. Therefore, in the Medieval philosophical
domain integrity was the instrument needed to express what we nowadays theorize
as coherence, the very unity of an entity/object that resounds in phase or that
vibrates in the oscillations of life (Eco, 1988: 118-119). No surprise that Aquinas
also included proportion or consonance (proportio sive consonantia) among the
properties of wholeness, besides integritas or perfection (integritas sive perfectio)
and clarity (Summa Theologiae, I, Q. 19, art. 8).
Autoconscience as Narrativenessness of the I
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The ‘I’ emerging as a process within constraints allows the most crucial operation
of identity: the capacity to understand ourselves as a part of the environment to
which we continuously relate. This passage of the investigation is highly relevant
to explain the role of the ‘I’ in the frame of the systemic anthropology, as an
emergent phenomenon that results from several factors (coherence, interaction
among causalities top-down, bottom-up etc.).
According to them, the sense of being a self is strictly dependent on the capacity
of thinking of ourselves as part of a scenery that can be described. (Damasio, 1994)
The narrativeness of the ‘I’ will, thus, emerge as one of the conditions for
grounding self- objectification, allowing human beings to write their own story at
the light of incompleteness (Minati, 2019 b). An irreversible, historical process
within constraints, related to a plot of hierarchically, interrelated levels of
interactions, the human being is the recipient of both individual (mind, language,
feelings) and collective (morality, society, family, religion) emergences.
The human person is like an intertwining of hierarchies of different levels - lower,
but also higher - that come together in an ideal unification of action, emotions and
thought. To witness this process a narrating ego is needed. (Jaynes, 1976) It should
be capable of both 1) understanding and describing its development over time, and
2) observing itself and the other selves in action, as they change. Narrativeness of
the ‘I’, is a historical process through which the ego knows how to write its own
history.
Only with the objectification of oneself and the world can history, sciences and
philosophy (the thought of what one thinks) be born. The constraints define the
space of the objectives that human beings can possess (even in a non-explicit way)
and that can then be given (in an explicit, conscious, propositional way). The
human being is an irreversible process framed within objective constraints, able to
tell his/hers own history thanks to the extraordinary capacity of taking him/herself
as an object of investigation and reflection and viewing him/herself as playing a
part in the process while observing it. Both human being and the world are
incessantly involved in a constant state of change, but changes can only occur
within constraints. Nevertheless constraints too can change, but they cannot be
eliminated at all: no constraints, no behavior.
Collective Phenomena of the Individuals: the Texture of Ethics
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Besides the well-known individual and subjective aspects, the human being also
has collective and shared ones. It is impossible to neatly separate subjective aspects
from collective ones because they are interlaced and reciprocally effective.
Nevertheless, we can say with a close approximation that what characterizes the
human is a set of phenomena and emergent properties, special and specific, which
entail a twofold trait, individual/subjective and collective/shared. To the domain of
the prevailing individual phenomena belong 1) conscious and unconscious mind,
explicated by thinking activity; 2) feelings, intended as private moods; 3) the
feeling of the body (Damasio, 2010); 4) the perception of being a subject with a
self.
On the other hand, any individual subject wishes to share a rich and complex life
with other humans, in a family, in the society, in culture and in many other sub
social groups that are domains were collective phenomena are observed, such as 1)
language; 2) ethics; 3) religion; 4) arts. Each domain is studied by dedicated
disciplines; in this context, we only want to point out that they are collective
phenomena and that studying them for their subjective aspect would strongly limit
their comprehension.
Let us consider ethics, a domain of which the potential is still waiting to be
exploited through the lens of System Thinking (Urbani Ulivi, 2019 b). We’ll just
sketch some relevant traits of it that could be further investigated, namely: the
processual texture of ethics; responsibility as an emergence of processes within
constraints; good and bad as systemic tensions within an interacting environment.
Our proposal of personal identity, and its consequences on human conduct, it is
important to underline, is expected to strengthen traditional ethics. In other words,
this theoretical frame prescinds from any absolute presumption. A systemic
approach to human agency has the power to make ethics valuable and objective not
in absolute terms, but in the specific contexts where it is applied or, coming back
to the phenomenon of personal identity, within particular constraints.
In a systemic view ethics is a dynamics, according to the dialectic between
constraints and processes discussed in the previous paragraphs. It cannot be limited
to the study of «the concepts involved in practical reasoning» (Blackburn, 1994:
126). In classical theories of ethics, a set of duties prescribes specific acts which
one must do and, thus, limit the possibilities of the human agency. If we consider
personal identity as an emergent phenomenon, ethics should be regarded as a
process where continuous adjustments are needed. In other words, we ought to

23

Lucia Urbani Ulivi, Primavera Fisogni

suggest the idea of a less regimented ethical life, as its depends on the adaptation
of moral perspective to the occurring of specific circumstances.
The organizational tension of conduct could be seen not as a straight inclination to
a final end, as Aquinas theorized (Brock, 1992), but mainly as an orientation amid
internal and external boundaries, within «an ordered totality of parts, endowed with
properties», the proper “finalism” of any system (Agazzi, 2019: xvi). These
limitations or constraints are yes, objective in the sense explained before, but at the
same time they are essential constituents for the individual identity. Through this
perspective, the very idea of a ‘due’ is going to change. A due is not a prescribed
act that is owed for its ‘essential’, ‘supernatural’ or ‘universal’ content, but
primarily in virtue of the role it is expected to play in the process for the sake of
humanity and its living environment.
The ‘respect for the other’, for example, which has been considered a standpoint of
Western ethics (Ricoeur, 1990), through a systemic perspective is what guarantees
the possibility of any interaction with the world of life as-a-whole. According to
this, any being and any aspect of global environment should be respected for life
to flourish. The increasing attention we are asked to pay towards the planet’s care
is definitely a part of the process that is going to change, the collective ethics of
contemporary societies (duties, rules and values).
As argued before, only an ‘I’ who is capable of thinking of himself/herself as an
emerging process within constraints gives rise to an anthropology that fits for the
increasing complexity of the contemporary world, filled with phenomena so
globally interacting. Looking at this conceptual frame, it becomes clearer also the
idea of what the ‘narrativeness of the I’ concretely is. Individual identity – within
the ethical environment – gives rise to an adaptive link with the environment
(social, cultural, political and economic) through a practical reasoning irreducible
to structured standpoints (duties, rules and laws), always creative and open to
changes. The very objective ground of this processual frame stands on individual
as well collective constraints by leaving room for the exercise of free will, under
the conditions opened by constraints.
Some contemporary debated issues about the human condition, like for instance
the discussion about the end of life, brings to surface the intertwined texture of any
ethical problem and, on the other hand, the incapacity of ‘linear ethics’ to cope with
them. These issues cannot be solved according to a prescriptive, frustrating
solution, as it generally happens – where tribunals or high court of law are called
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to draw the line (see the Charlie Gard’s case in UK, 2016 or the Eluana Englaro’s
one in Italy, 2007) – but in virtue of a wider understanding of the individual case,
at the light of several factors and environmental dynamics. And so, what is
required, is an enlargement of paradigm.
Personal identity as a fluid subjective/objective emergence shaped by multiple
constraints recalls a notion of responsibility that does not only belong to the
individual self-domain and cannot be separated by the processes from which it
emerges. System Thinking focuses on the role played by the environment as an
ethical infrastructure that ‘naturally’ and fluidly interacts with the human subject
as well as with other animated beings or interconnected entities according to
Artificial Intelligence, in the ICT domain. An infrastructure – a bridge, a road, a
railway – is basically a path that connects and facilitates and, for it, is never neutral
(Floridi, 2017). Coming back to our subject matter, personal identity, far from
being an isolated entity, moves itself between multiple paths of the environment,
giving rise to a twofold activity: it shapes itself and the world as well, being shaped
at the same time by multiple constraints. An interesting consequence of this feature
is the progressive abandon of the ideal of certainty in favor of an ideal interrelation
– the best possible under given conditions – that links, as it happens in a dance, the
human subject to the relevant environment relevant in those circumstances.
Finally, we want to highlight on good and bad, the leading poles within the set of
moral principles that affect human conduct and any ethical discourse. Good,
according to the systemic toolkit presented above, can be suggested as a coherent
strength of aggregation, connections and a powerful source of energy. From this
point of view, we are allowed to think of good as ‘something’ for its generative
capacity/activity to give rise to entities. Evil, on the other hand, recalls a negative
activity. Precisely, it presides a dissipation of energy, a process well known by
systemic interactions that consists of «the stability of dissipative structures is due
to their ability to transfer a large amount of entropy to their environment» (Minati,
2019 a: 23). On a systemic ground, dissipation is an event/activity among others
(auto-organization, emergence, equivalence, balance, etc.) that allows the surge of
emergences, or properties that cannot be reduced to any singular component of the
constellation. For evil is not ‘something’ intended as a coherent aggregation of
parts (it is the opposite), nevertheless the fact of being a process brings it to take a
part (not generative but destructive) in the transformation of reality. Its spreading
all over as a fungus refers to evil’s blurred profile, between being and not-being,
which cannot reveal itself (it’s nothing, indeed) but always throws light on the
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coherence of being (the depth of good/being as positive, a datum). In this way evil
belongs to the living domain without being an entity. As a dissipative process it is
not productive in se nor has it consistence; however it stimulates the response of
the environment in reason of entropy. Surprisingly, but not paradoxically, the loss
of being corresponds to the growth of new properties: the more evils spreads, the
more the positive aspects of life can be experimented. A relevant ontological
asymmetry should be noticed between good and evil, as good shapes the evil issues
by giving them a form, while evil only performs the negative ability to increase
entropy, mainly destroying the forms that pertain to entities.
Conclusions
We have moved from the explanatory difficulties posed by some relevant data in
the philosophical-anthropological field: personal identity is regarded as
indispensable, but at the same time it is not supported by any visible data. Indeed,
we observe a continuous change in what we recognize as ‘ours’, as part of us: we
notice that ideas, emotions, choices, evaluation systems and knowledge undergo
constant changes. We set ourselves the goal of explaining these conflicting data,
concerning the problem of personal identity in philosophy.
The problem is one of the most discussed and controversial within the
philosophical debate, but it has not yet produced any satisfactory result. We asked
ourselves if this was due to the use of inadequate or weak or insufficient concepts
to deal with the issue and we went in search of further suggestions and ideas in
other domains of knowledge (mainly systemic, biology, neuroscience and physics).
Furthermore, we investigated the topic not disregarding some philosophical
indications: 1) the ego as a principle of activity (Aristotle), and 2) the ego as a
process (Dupré, 2015). This investigation allowed us to import and use some
concepts according to which our prima facie contradictory observations on the
human being, including our self-observations, can be explained without correcting
or eliminating them. Among these concepts the main ones are: constraint, process,
system, emergency, consistency, opaque and observable.
Let’s take another look at them briefly: the sense of stability of personal identity is
guaranteed by the constraints, which define the space of possible achievable
activities, excluding the unattainable ones. Within the constraints, identity is
processual, for being characterized by continuous dynamics within the different
environments (internal and external milieu) to which it reacts as we gain experience
of “our” world.
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A system is an organization of related parts to which belong properties that its parts
do not have. These properties are called ‘emergent’ and are observable, or even
reachable through abductive inferential processes.
Coherence, as the ‘phase resonance’ (Del Giudice, 2010) of the process, supports
at the same time identity and the process-oriented dynamic of the system, which
maintains a homeo-dynamic balance, continuously abandoned and recovered.
Within this frame, the inclusion of opaque phenomena (theoretically and
objectively opaque) is given as an ontological and epistemological support of
explicit, directly and instrumentally observable phenomena. In the domain of the
human, this association refers – for instance – to the unconscious mind next to the
conscious one, or the unspoken present, implicitly and effectively included in what
is explicitly expressed. This different and more updated understanding of humans
opens up to overcoming historically crystallized problems, affected by insuperable
theoretical difficulties. We have the tools to rethink freedom (within constraints);
morality (collective emergency); the dynamic between conscious and unconscious;
history; the relationship between subject and object.
Inspired by a pioneering spirit, this work is aimed at introducing new concepts and
ideas in the philosophical scenery. The authors are well aware that their proposal
will greatly benefit from any suggestion emerging in the debate, in order to enhance
a challenging issue concerning philosophical anthropology. We are therefore
grateful to the readers who, through a helpful criticism, will enable us to
significantly improve the content of the present investigation.
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Abstract
Critical systems thinking and practice began in the 1980s and is now an established
part of the systems thinking tradition. Nearly 40 years later, it is possible to look
back at what it has achieved in its lifetime and at what still needs doing if it is to
fulfil its potential. To reach its conclusions, this review considers both the theory
and principles underpinning the approach and the translation of those into
practice.
Keywords: systems thinking, critical systems thinking, critical systems practice
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Introduction
The first section of the paper looks at the origins and initial development of critical
systems thinking (CST). This requires a brief account of the state of systems
thinking in the early 1980s. From that, it is possible to discern some reasons for the
emergence of the approach. Its further development is then traced until 1991. By
that time, it had become formalized around a set of four commitments, to which it
has largely remained true, and work was underway on how the ideas could be
translated into critical systems practice. A second section considers contemporary
CST. This provides an account of how it views its commitments today. What has
been achieved forms part of the narrative. A section at the end discusses some
further theoretical work that needs doing if CST is to progress. Section three
outlines critical systems practice, a multimethodology for putting CST into action,
and provides an example of its use. The section ends with thoughts on what has
been done and what more needs to be done to ensure that critical systems practice
is successful and widely used by practitioners. A conclusion considers the current
position of critical systems thinking and practice in the systems movement and
what it has to offer to the management sciences generally.
1 The Origins and Early Development of Critical Systems Thinking (CST)
Systems thinking, as an identifiable transdiscipline, established itself in the 1940s
and 1950s based on the pioneering work of Ludwig von Bertalanffy in general
system theory and Norbert Wiener in cybernetics. Its raison d’être was
understanding systems of ‘organized complexity’ (Weaver, 1948) that could not be
grasped using the traditional methods of the physical sciences.
Organized complexity is the norm in the real-world of policymakers,
decisionmakers, and managers, and the systems approach seemed to offer the help
they needed. Methodologies, such as systems analysis and systems engineering,
were developed which sought to translate its findings into practice1. These proved
to be helpful in many situations. The 1950s and 1960s saw significant success using
them in the fields of aerospace, defence, and space exploration. Over time,
however, it became clear that there are lots of other situations in which they simply
cannot cope (Checkland, 1978). The failed attempts to apply systems analysis to
problems of information management, crime, welfare, transportation, and waste
management, in California in the 1960s, provided a salutary lesson (Hoos, 1974).
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During the 1970s, the early methodologies were subject to sustained critique and
their weaknesses were revealed. New systems methodologies were developed
designed to overcome the weaknesses and extend the scope of the systems
approach (see Jackson, 2000, 2019). Forrester’s system dynamics introduced
feedback thinking and computer simulation into management science. Beer’s
viable system model was offered as a response to ‘exceedingly complex
probabilistic’ systems. Churchman and Ackoff, in the US, and Checkland, in the
UK, developed soft systems approaches more attuned to the multiple perspectives
and politics found in social systems. The originators trumpeted their methodologies
and models as the way forward for systems thinking and pointed to examples of
successful application. But the 1960s and 1970s was a period of political turmoil
and radical thinking. Parsons’ sociological systems theory was labelled ultraconservative and, because it was the best-known systems approach, this led to
systems thinking generally coming under suspicion. Management science had its
own radicals who labelled Ackoff’s soft systems thinking as ‘reformist’ and called
for a ‘workers science’ (e.g. Rosenhead, 1976). The plethora of different
approaches in management science led some to ask whether there was a ‘Kuhnian
crisis’ in the discipline (Dando & Bennett, 1981). It was argued that the dominant
paradigm, as exemplified by systems analysis and systems engineering, had broken
down but no alternative had as yet succeeded in mustering sufficient support to
replace it.
It was into this world that CST2 was born. The primary inspiration, outside systems
thinking, for taking the field in a critical direction, was the work of the Frankfurt
School, especially that of Habermas (Horkheimer, 1937; Habermas, 1970, 1974,
1984). The Frankfurt School of social theorists were committed, as neatly
summarized by Finlayson (2005), to interdisciplinarity, a dialectical understanding
of the relationship between theory and society, respect for traditional methods of
enquiry but only in the right context, and a critique of society with a view to
transforming it for the better. All these characteristics became embedded in CST.
It began in the 1980s with three strands that became intertwined. First, Mingers
(1980, 1984) and Jackson (1982a, 1985), building on Checkland’s (1978) critique
of the limitations imposed on ‘hard systems thinking’ (systems analysis, systems
engineering) by its functionalism, argued that the practical effectiveness of soft
systems thinking was similarly constrained by its theoretical assumptions; in this
case drawn from the interpretive sociological paradigm. They called for an
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extensive critical appraisal, based upon Habermas’ work, of the social theory
underpinning all the various applied systems approaches.
The second strand advocated complementarism and pluralism in systems practice.
Looking at the variety of systems methodologies, Jackson and Keys (1984) decided
to explore the relationships between them in order to better understand their
respective strengths and weaknesses and assist practitioners choose an appropriate
methodology for an intervention. They created the ‘System of Systems
Methodologies’ (SOSM) which classified methodologies according to their ability
to deal with the difficulties posed by system complexity and different perspectives
among stakeholders. This demonstrated that alternative systems approaches had
different strengths and could be seen as complementary rather than in competition.
A little later (Jackson, 1987), I examined four developmental strategies for systems
thinking – isolationism, imperialism, pragmatism, and pluralism. Based upon
Habermas’ (1970) theory of different ‘human interests’ (technical, practical, and
emancipatory), I argued that pluralism offered the best opportunities for successful
future development. Pluralism would respect the strengths of the different versions
of systems thinking, encourage their theoretical development, and suggest how
they could be appropriately fitted to the variety of problem situations.
A third strand resulted from the desire to extend systems thinking to respond to the
radical change agenda. At the time of constructing the SOSM, Jackson and Keys
acknowledged that relationships between stakeholders could be ‘coercive’ but were
not aware of any systems methodologies that responded to this possibility. This led
to an explicit demand for a ‘critical approach’ that would take account of coercive
problem situations (Jackson 1982b, 1985) and support those disadvantaged by
systems designs. This demand, for ‘emancipatory systems thinking’, seemed to be
met when Ulrich’s (1983) ‘critical systems heuristics’ was discovered. Although
this was an independently developed strand of systems thinking, drawing on the
work of Kant, Churchman, and Habermas, it seemed to meet the requirements of
coercive contexts. It was arguably capable of providing guidelines for action on
behalf of disadvantaged stakeholders.
CST came to prominence in 1991 with the publication of three books – Critical
Systems Thinking: Directed Readings (Flood & Jackson, eds.), Systems
Methodology for the Management Sciences (Jackson), and Creative Problem
Solving: Total Systems Intervention (Flood & Jackson). This upsurge in activity
was due, in no small part, to Bob Flood’s impact after he joined Paul Keys and me
at Hull. The first was a collection of papers, accompanied by a commentary, which
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traced the origins and outlined the major themes of the approach. It highlighted the
contributions of authors such as Flood, Fuenmayor, Jackson, Mingers, Oliga and
Ulrich. The second responded to the early call for a critique of all the major systems
methodologies from the perspective of social theory, made the case for critical
systems thinking, and sought to demonstrate that it could take the lead in enriching
theory and practice in the management sciences. The third book was the first
attempt to show how CST could be used in practice. Flood and Jackson offered the
ambitious ‘Total Systems Intervention’ (TSI) metamethodology as an attempt to
pragmatize, but not compromise, the theory underpinning critical systems thinking.
TSI claimed to be able to organize and employ, in an appropriate manner, all the
different systems methodologies, according to their strengths and weaknesses, in
the service of a general project of improving complex organizational and societal
systems. The work of Habermas (1970, 1974, 1984) again provided the theoretical
backdrop.
Since 1991, critical systems thinking has been taken in somewhat different
directions by Flood (1995, 1999; Flood & Room, eds, 1996), Jackson (2000, 2003,
2019), Mingers (2006, 2014), and Midgley (2000). Nevertheless, it retains a strong
identity and continues to explore some common themes.

2 Contemporary Critical Systems Thinking3
Critical systems thinking (CST) has shown a consistent commitment to systems
thinking, critical awareness, pluralism, and improvement. It is for this reason that
we can discuss contemporary CST, and its achievements, in terms of these four
themes.
Systems thinking and complexity theory agree that the modern world exhibits
VUCA characteristics – volatility, uncertainty, complexity, and ambiguity.
Mingers (2006, p. 201), drawing upon Habermas, calls it ‘multi-dimensional’. It
consists of a ‘complex interaction of substantively different elements’; some
physical and material, some socially constituted such as cultures and power
structures, and others personal such as beliefs, values, fears, and emotions. In
Snowden and Boone’s (2007) terms, we face ‘complex domains’ of unknown
unknowns and ‘chaotic domains’ of unknowables. Things are in constant flux,
nothing is predictable, and ‘black swan’ events occur with increasing frequency.
Kay and King (2020) represent it as a world of ‘radical uncertainty’ in which we
simply do not know how to act.
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There are, in systems thinking and complexity theory, two different reactions to
this diagnosis, which we can understand using Morin’s (2006) distinction between
‘restricted complexity’ and ‘general complexity’. Those who treat it as a case of
restricted complexity continue to refine particular computational modelling
techniques through which, they believe, they can explain complex systems. This is
true of those in system dynamics who build computer simulation models of realworld system behaviour and seek to validate them scientifically. It is true of those
who conduct ‘agent-based modelling’ of complex adaptive systems, seeking to
explain the behaviour of the whole in terms of the rules of interaction of the agents
that constitute the system. Morin accepts that the ‘restricted complexity’ viewpoint
encourages advances in formalization, modelling and interdisciplinary working but
regards it as remaining ‘within the epistemology of classical science’, searching for
hidden laws behind the appearances. He sees the ‘simplifying visions’ to which it
gives rise as not only reductionist but also potentially dangerous:
We must remember the ravages that simplifying visions have caused, not only in the intellectual
world, but in life (Morin, 2008, p.57).

According to Morin, it is essential to understand that we are confronted by a case
of ‘general complexity’. General complexity produces what Rittel and Webber call
‘wicked problems’, which are intractable for decision-makers:
The planner who works with open systems is caught up in the ambiguity of their causal webs.
Moreover, his would-be solutions are confounded by a still further set of dilemmas posed by the
growing pluralism of the contemporary publics, whose valuation of his proposals are judged against
an array of different and contradicting scales (Rittel & Webber, 1981, p.99).

General complexity resists universal truth. All attempts to model it are partial and,
therefore, the fundamental problem of general complexity ‘is epistemological,
cognitive, paradigmatic’ (Morin, 2006); concerned with the ways we seek to
understand and manage the complexity.
It is an achievement of CST, in my view, that it has embraced and developed
Morin’s concept of general complexity. It regards it as impossible for any systems
or complexity theory approach to provide the kind of prior understanding of
complex adaptive systems that would allow intervention on the basis of
explanation, prediction, and control. The nature of complex adaptive systems is
‘unknowable’ in this sense. In each case, an informed exploration of the problem
situation needs to be undertaken. CST recommends using a variety of systems
approaches and learning which are most useful, and what improvements are
possible, in the particular context of intervention. Meadows is supportive when she
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concludes that no paradigm is right and that the pre-eminent leverage point for
bringing about desirable change.
….is to keep oneself unattached in the arena of paradigms, to stay flexible, to realize that no
paradigm is ‘true’, that everyone, including the one that sweetly shapes your own worldview, is
tremendously limited (Meadows, 2008, p.164, italics in the original).

This requires a willingness to engage with complex problem situations using a
range of systems approaches based on different paradigms. Of course, this will
include taking advantage of those more attuned to restricted complexity, but only
with a clear appreciation of their limitations.
Informed use of the different systems approaches requires a critical awareness of
systems theories and methodologies to see how they frame the world and seek to
change it. Critical awareness is the second commitment of CST. Strong support for
such ‘second-order’ critique comes from Luhmann and Morin. In Luhmann’s view,
social theory must give up its quest for ontological certainty and become the study
of how first-order observers observe. Such second-order observation represents a
shift from ontology to epistemology. Instead of trying to uphold claims about the
nature of social reality, sociologists should concentrate on how different social
theories construct societal issues and problems from the ‘distinctions’ they employ.
Using second-order observation, we are able to understand how the first-order
theory we are studying observes, and what it sees and does not see:
Second-order observation is observation of an observer with a view to that which he cannot see....we
become interested in the distinctions with which the observed observer works, and in how he divides
up the world, and in what he considers important (or not) in which situations (Luhmann, 2013, p.
112).

This requires making the fundamental distinctions employed by theories as clear
as possible. Morin, reflecting on the ‘complex thinking’ necessary in an age of
‘hyper-complexity’, advocates a similar shift in orientation:
Here we have an absolute requirement which allows us to distinguish between a more simple mode
of thinking – where one believes one possesses the truth – and complex knowing which demands a
self-observing (and I would add, self-criticizing) turn on the part of the observer – conceiver (Morin,
2008, p. 92).

CST has always prioritized critical awareness or second-order analysis. It
recognises, following Churchman, that it is impossible for any systems approach
to understand the whole system. In The Design of Inquiring Systems (1971),
Churchman argues that each of five designs for acquiring useful knowledge
(derived from Leibniz, Locke, Kant, Hegel, and Singer) is incomplete in itself,
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resting upon assumptions that cannot be proved using its own logic. Ulrich (1983)
offers a way forward for systems thinkers. The ideal standard of whole system
design should be used as a spur to reflection on the lack of comprehensiveness of
any existing or proposed design. CST directs the analysis to existing systems
approaches and methodologies and conducts a ‘second-order’ critique, often using
social theory, of the assumptions they make about social reality and how to
intervene successfully to improve it. It is to its credit that it has largely completed
this job with regard to existing systems methodologies. Recently (Jackson, 2019),
I built on this work and undertook a comprehensive second-order critique of ten
well-established systems methodologies to show what aspects of complexity they
give priority to in examining and seeking to improve problem situations.
Critical awareness furnishes CST with an appreciation of the theoretical
distinctions made by the various systems approaches it has in its armoury. It has
also sought, following the Frankfurt School, to understand the dialectical
relationship between different systems methodologies and society (Horkheimer,
1937; Jackson, 2019). CST has never regarded systems methodologies as
‘innocent’. They emerge from particular social and economic circumstances and,
in turn, contribute to maintaining or changing them. The implications should be
taken into account. In addition, it is essential, as Midgley (1994, 2000) and
Stephens (2013) have argued, to extend critical awareness to incorporate an
‘ecological awareness’ of how different systems approaches, and the designs they
produce, impact the natural world and the environment4.
The third commitment of CST follows from the finding of critical awareness that
all the different systems approaches are partial. They see the world differently and
recommend intervening in problem situations in a wide variety of ways. To have
any chance of managing the multi-dimensional complexity of the VUCA world,
and dealing with ‘wicked problems’, CST has had to embrace pluralism and
‘multimethodological’ practice (Mingers & Brocklesby, 1997). In short, it has had
to learn how to use the different systems approaches together in ways that maximise
the strengths and compensate for the weaknesses of each of them. To this end, it
has succeeded in constructing an ‘ideal-type’ of pluralistic practice.
The first requirement specified by the ideal-type is that pluralism is ‘multimethod’.
It should encourage flexibility in the use of the widest variety of methods, models,
tools, and techniques in any intervention. This enables practitioners to respond to
the uniqueness of problem situations and the exigencies they throw up during an
intervention. It can require the ‘partitioning’ of methodologies into their parts and
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combining parts from different methodologies in an intervention, as was first
proposed by Midgley (1990). However, multiple methods could all be used in the
service of one methodology. A genuinely pluralist approach must, therefore, be
‘multimethodological’ as well as multimethod. The multidimensionality of
problem situations requires that systems practitioners operate with different
methodologies reflecting different theories about the nature of the social world and
how to change it. The third requirement follows. Pluralism must be
‘multiparadigm’. To achieve a comprehensive approach to a problem situation, we
have to bring to bear methodologies that reflect the widest possible range of
different paradigms - functionalist, interpretive, radical change, and others.
A final requirement of genuine pluralism is that we seek to employ it at all stages
of an intervention. This is what Pollack (2009) calls ‘parallel’ rather than ‘serial’
use of different systems approaches. It is tempting to adopt a serial approach and
allocate different methodologies to the various phases of an intervention because
they seem most suitable to that phase. Mingers (1992) notes that some information
systems researchers advocate using Checkland’s ‘soft systems methodology’ at the
beginning of a study, to reconcile multiple perceptions, before proceeding with
structured design methods. But there is no theoretical justification for such a course
of action. From the subjectivist position, issues of culture, politics, and power
cannot simply be made to disappear at the beginning of a project, never to be seen
again. They will remain as a crucial backdrop in any intervention and must be
attended to continuously as it progresses.
Of course, what is an ideal-type of pluralism in theory turns into an impossible
dream once we try to apply it in practice. Nevertheless, I consider its construction
as one of the greatest achievements of CST. As we shall see in the next section,
ways forward have been developed that allow the practitioner to adhere more
closely to the ideal than might seem possible from initial inspection. Minimally,
the ideal-type provides a critical standard that allows the practitioner to be
reflective about how and why they are falling short of the ideal in a particular
intervention and the consequences that might follow.
The final commitment of CST is to bring about improvement in the real-world. It
is not an exercise conducted just to satisfy academic interests. It must be carried
out in the context of application to meet the needs of users and other stakeholders.
From its very beginnings, employing methodologies such as systems analysis and
systems engineering, the emphasis in systems practice has been on meeting the
requirements of clients. CST draws on this experience while insisting that, in line
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with its embrace of pluralism, the meaning of improvement must be broadened to
embrace the concerns of the greater variety of systems approaches now available.
It cannot just be about increased efficiency and efficacy but also, for example,
effectiveness (are we doing the right things), mutual understanding, resilience, antifragility, empowerment, and sustainability. In particular, although CST has
tempered the hyperbole associated with its early calls for ‘emancipation’, it still
regards putting fairness and empowerment on the agenda of systems thinkers as
one of its major achievements and continues to insist that such matters receive
constant attention.
We should consider what CST still needs to do. There is an important theoretical
question that needs resolving. In the early days (e.g. Flood & Jackson, 1991), CST
presented itself as a ‘metaparadigm’, basing its pluralism upon Habermas’ theory
of human interests. It saw itself as standing above the paradigms and picking out
appropriate methodologies according to the particular human interests - technical,
practical, emancipatory – to be served. Tsoukas (1992) was the first to point out
that CST could not rely on Habermas’ theory to dissolve the arguments between
the paradigms. This is because they constitute different realities and, therefore, seek
to provide answers to all three human interests. If CST cannot stand above the
paradigms, as now seems obvious, then the solution seems either to declare CST
as a paradigm in its own right or to search for a paradigm that already embraces
CST’s commitments. Midgley (2000) chooses the first option and suggests a
‘process paradigm’ which he feels can offer a home for other paradigms without
distorting them too much and, therefore, uphold pluralism. This is not a view that
positivists, interpretivists, or Marxists would share. Mingers (2014) feels that
‘critical realism’ is a paradigm ready-made for critical systems thinking because,
in his view, it is pluralist in terms of both ontology and epistemology.
Unfortunately, far from being a paradigm that is welcoming of other theories,
critical realism occupies quite a restricted space in social theory. Other traditions
refuse its embrace and object to being used as means to meet critical realism’s ends.
I have resisted ‘one paradigm pluralism’ on the basis that it is self-contradictory.
Instead, I have sought to build on W. Gregory’s (1996) argument in favour of
‘discordant pluralism’ and present CST as a framework enabling critique of each
paradigm on the basis of the assumptions of all the others (Jackson, 2000, 2019).
CST accepts that paradigms are based on incompatible philosophical assumptions
and that they cannot be integrated without something being lost. It needs to manage
paradigms, not by aspiring to metaparadigmatic status or creating a separate
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paradigm, but by using them critically. Paradigms have to confront one another.
Critique is managed between the paradigms. No paradigm is allowed to escape
unquestioned because it is continually challenged by the alternative theoretical
rationales offered by other paradigms. CST no longer aspires to metaparadigmatic
status or to its own paradigm. We are not required to step outside, and stand above,
existing paradigms or invent a new one. CST’s job, instead, is to protect paradigm
diversity and encourage critique between the paradigms at all stages of an
intervention, from initial exploration of the problem situation to evaluation of the
results.
I found support (Jackson, 2000, 2019) for this position in Morgan’s (1983, ed.)
notion of ‘reflective conversation’ between paradigms, and in Luhmann’s (2013)
second-order thinking, which insists that we can only shift ‘between that which one
sees and that which one does not see’. More recently (Jackson, 2020), I have drawn
upon the work of Lakoff and Johnson (1980) and Pepper (1942). According to the
former, our conceptual systems are dominated and structured by metaphors.
Different metaphors present the world differently, revealing some things and
suppressing others. We need to operate with a range of metaphors:
Metaphor is one of our most important tools for trying to comprehend partially what cannot be
comprehended totally (Lakoff & Johnson, 1980, p. 193).

And, if these are inconsistent, then so much the better:
To operate only in terms of a consistent set of metaphors is to hide many aspects of reality.
Successfully functioning in our daily lives seems to require a constant shifting of metaphors. The
use of many metaphors that are inconsistent with one another seems necessary for us if we are to
comprehend the details of our daily existence (Lakoff & Johnson, 1980, p.221).

According to Pepper, there are four ‘world hypotheses’ which, over time, have
proved useful to the human species in finding its way in the world – ‘formism’,
‘mechanism’, ‘contextualism’, and ‘organicism’. There is no higher truth to
legislate over them. The only legitimate critics of world hypotheses are other world
hypotheses. We need to keep them distinct so that they can act as checks on each
other:
We need all world hypotheses, so far as they are adequate, for mutual comparison and correction of
interpretative bias (Pepper, 1942, p. 101).

Lakoff and Johnson label their approach a ‘pragmatic theory’ in the tradition of
Pierce, James, and Dewey. It is to pragmatism, I believe, that CST must look to
find a philosophy that justifies the ontological and epistemological flexibility it
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needs. This is a position promoted by Zhu (2011). That said, Pepper also began his
investigations as a pragmatist:
But I soon came to the conclusion that pragmatism was just one more theory, probably no better
nor any worse than the other two [materialism and idealism] (1942, p. viii).

If Pepper is correct, then CST may be no better off with pragmatism than with
process philosophy or critical realism. The debate goes on and the research must
continue.

3 Contemporary Critical Systems Practice5
Critical systems practice (CSP) sets out how the four commitments of critical
systems thinking can be applied in practice. I can find no better way of expressing
the overall shift in ‘problem-solving mentality’ required, to understand CSP, than
Lakoff and Johnson’s comparison of the ‘puzzle’ and ‘chemical’ metaphors applied
to problems. At present, they argue, we mostly conceptualise and deal with
problems using the puzzle metaphor
……in which problems are PUZZLES for which, typically, there is a correct solution – and, once
solved, they are solved forever. The PROBLEMS ARE PUZZLES metaphor characterizes our
present reality (Lakoff & Johnson, 1980, pp. 144-145, upper case in the original).

Adopting a ‘chemical metaphor’, they argue, would create a different reality in
which human problems were seen and addressed differently:
To live by the CHEMICAL metaphor would be to accept it as a fact that no problem ever disappears
forever. Rather than direct your energies toward solving your problems once and for all, you would
direct your energies toward finding out what catalysts will dissolve your most pressing problems
for the longest time without precipitating worse ones. The reappearance of a problem is viewed as
a natural occurrence rather than a failure on your part to find “the right way to solve it” (Lakoff &
Johnson, 1980, p.144, upper case in the original).

CSP has 4 main stages (EPIC) and some sub-stages:
•

Stage 1: Explore the problem situation
o View it from a variety of systemic perspectives
o Identify primary and secondary issues

•

Stage 2: Produce an appropriate intervention strategy
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o
o
o
o

Appreciate the variety of systems approaches
Choose appropriate systems methodologies
Choose appropriate systems models and methods
Structure, schedule and set objectives for the intervention

•

Stage 3: Intervene flexibly

•

Stage 4: Check on progress
o Evaluate the improvements achieved
o Reflect on the systems approaches used
o Discuss and agree next steps

These are shown in Figure 1. and are discussed in turn.
Stage 1, Explore (the problem situation),
The intervention is likely to begin when a crisis, or a feeling that ‘things could be
better’, provokes a call for action. After examining the issues they are confronting,
decision-makers may come to the conclusion that they are interconnected, that
there is no obvious boundary to their problem, and that any action will have wide
ramifications. They are engaged with a complex problem situation. It is not easy to
untangle and get to grips with such problem situations because they exhibit VUCA
characteristics – volatility, uncertainty, complexity, and ambiguity. This is often
compounded by stakeholder conflict. Complex problem situations constitute what
Ackoff calls ‘messes’:
We are almost never confronted with separable problems but with situations that consist of complex
systems of strongly interacting problems. I call such systems of problems messes (Ackoff, 1999,
p.13).

They give rise to ‘wicked problems’. No one systems approach can understand
them as ‘a whole’. Attempts to model them are always partial. It is essential to be
realistic about this, and proceed to learn about the complexity by exploring them
through a variety of different lenses. CSP argues that a rich appreciation of complex
problem situations can be achieved by making use of the lenses provided by some
well-tested ‘systemic perspectives’.
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Fig.1: The 4 EPIC stages of critical systems practice
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•

View it from a variety of systemic perspectives

Systemic perspectives are not metaphors that are employed at random to yield a
moment’s insight. They are structured, interlinked sets of ideas, making up
cohesive wholes. This ensures that they can be kept distinct from one another, they
can provide deep interrogations of a problem situation, and can produce learning.
Each must be well-tested and together they should constitute a comprehensive set.
I have derived them from Pepper’s ‘world hypotheses’, and from the sociological
paradigms and metaphors that have been found useful in organization theory and
systems thinking. They are summaries of what Pepper refers to as ‘successes of
cognition’ and the ‘creative discoveries of generations’; and what Lakoff and
Johnson identify as ‘experiential gestalts’ that have enabled us to have coherent
encounters with reality and provided for successful functioning in our physical and
cultural worlds (see Jackson, 2020). As far as possible though, to aid practitioners,
they are expressed in everyday language and employ concepts in common usage.
Five systemic perspectives have demonstrated a capacity to provide significant
insight into complex problem situations and appear to cover the ground –
‘machine’, ‘organism’, ‘cultural/political’, ‘societal/environmental’, and
‘interrelationships’. Using them enables us to make suggestions about where
failings are occurring and how things can be improved:
o Machine – is there an agreed goal, are the necessary parts well connected
together to achieve the goal, and are the necessary components to hand or
easily obtainable? The machine is judged on whether it demonstrates
efficacy (is well organized to achieve its purpose) and efficiency (does so
with minimum use of resources)
o Organism – is the system viable, are the sub-systems functioning well, with
their own autonomy but still serving the whole, and is the whole adaptive
to the environment, resilient in the face of shocks, and capable of learning?
The organism is judged on whether its semi-autonomous parts are well coordinated and controlled, and whether the system is ‘anti-fragile’ (Taleb,
2013) in the face of its turbulent environment
o Cultural/political - is there agreement that the system is doing the right
things (effectiveness), has this been subject to challenge (not emerged from
groupthink), and are there processes for dealing with conflict? This
systemic perspective is not used as an exemplar. Rather, it alerts
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practitioners to look out for a variety of cultural and political factors that
may require attention in the problem situation
o Societal/environmental – have the interests of all stakeholders (including
those of the marginalised and future generations) been considered, and have
sustainability and environmental issues received sufficient attention? This
systemic perspective is used to identify neglected stakeholders,
discrimination, and inequality, and to argue that interventions should take
into account the lot of the disadvantaged and the consequences for the
environment
o Interrelationships – can we identify chains of mutual causality in the
problem situation and leverage points for bringing about change? The
issues identified by the other systemic perspectives will, of course, be
interrelated. Although the VUCA world of general complexity forestalls the
exact mathematical modelling of these, it may occasionally be possible to
identify important linkages which offer leverage points for achieving
improvement and/or suggest unintended consequences that might ensue
from proposed actions.
The different systemic perspectives provide breadth and depth to the exploration
of the problem situation. Each reveals new matters worthy of attention and may
provide a different explanation as to why the issues of concern have arisen. For
example, major projects are usefully viewed as machines designed to achieve a
purpose, organisms evolving over time, systems in which conflicts have to be
managed and accommodations reached, systems that might have negative
consequences for some stakeholders and the environment, and systems of
interrelated causal factors. The different systemic perspectives will often provide
conflicting information and explanations, and this is particularly helpful in gaining
a full appreciation of the complexity involved and in supporting informed decision
making.
Other creativity-enhancing devices can be employed in support of an exploration
using the systemic perspectives. ‘Rich Pictures’ (see Checkland & Scholes, 1990)
make a good companion. For example, participants could be asked to draw a Rich
Picture of the problem situation as a failing machine; or what the system would be
like if it paid attention to the concerns of the societal/environmental perspective.
•

Identify primary and secondary issues
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The first stage ends when the decision-makers, and other stakeholders involved,
conclude that they can identify the ‘primary’ and ‘secondary’ issues in the complex
problem situation they are confronting. The primary issues are those that seem to
need most urgent attention – perhaps they appear to get to the heart of the matter
and scream out at the participants. The secondary issues are, on the practical
grounds that we cannot do everything at once, ruled out for immediate action.
Nevertheless, CSP insists, they must be kept in mind and may assume greater
importance, later in the intervention, if a fresh run through the Explore stage brings
them to the fore. Once there is agreement on the primary and secondary issues,
Stage 2 of the multimethodology can begin.

Stage 2, Produce (an appropriate intervention strategy)
•

Appreciate the variety of systems approaches

It is necessary to know the difference between systems methodologies, systems
models, and systems methods.
Systems methodologies translate theoretical hypotheses about the nature of problem
situations, and how they can be improved, into practical action. There are a number
of systems methodologies available, each based upon different assumptions about
the world and how best to intervene in it. Together they can recognise and respond
to the range of issues surfaced during the exploration of the problem situation. If
you know just one or two, you are restricting your perspective on what issues are
important and how they should be dealt with. Examples of well-established systems
methodologies are:
o
o
o
o
o
o
o
o

Systems Engineering
The Vanguard Method
Viable Systems Diagnosis and Design
Interactive Planning
Strategic Assumption Surfacing and Testing
Soft Systems Methodology
Critical Systems Heuristics
System Dynamics
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Systems models seek to capture the essence of a situation in a way that makes it
easier to understand and manipulate. Examples are:
o
o
o
o
o
o
o

Computer Simulation
Flow Charts
Viable System Model
Rich Pictures
Conceptual Models
Causal Loop Diagrams
Stock and Flow Diagrams

Systems methods are procedures which, if used correctly, will deliver a desired
outcome. Examples are:
o
o
o
o
o
o
o

Critical Path Analysis
Capability Charts
Assumption Analysis
Idealized Design
CATWOE Analysis
Boundary Questions
System Archetypes

To produce an intervention strategy, it is essential to start by choosing an
appropriate systems methodology or methodologies. This is the crucial first step to
informed intervention. Methodologies guide the intervention in the most
appropriate way to ensure the primary issues are addressed. Systems models and
methods are best considered later. Their role is to support the chosen methodologies
and attune them to specific characteristics of the problem situation.
•

Choose appropriate systems methodologies

We now need to know what the different systems methodologies are good at in
order to choose appropriate ones to address the primary issues identified in the
problem situation. One convenient way of gaining this ‘critical awareness’ is to
consider what systemic perspectives they privilege and, therefore, what issues they
prioritise. Broadly:
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o Systems Engineering (SE) and The Vanguard Method (VM) reflect the
machine perspective. SE prioritizes achieving a predefined goal by
organising the various parts and components (machines, materials, money,
people) in the most efficient way. VM prioritizes establishing customer
purpose and designing a process, free from waste, to ensure that the purpose
is met (efficacy)
o Viable Systems Diagnosis and Design reflects the organism perspective. It
considers whether the sub-systems, either in an organisational or multiagency setting, are capable of responding to their own sub-environments
while performing well to support the whole, and whether the system is
capable of adapting to and proactively shaping its environment. It is
concerned with the features that enable viable systems to respond to threats
and opportunities; evolving, learning, and thriving in the face of turbulence
o Interactive Planning (IP), Strategic Assumption Surfacing and Testing
(SAST), and Soft Systems Methodology (SSM) respond to issues
highlighted by the cultural/political perspective. IP seeks to enable
participants to reach agreement on a desirable future (its concern is
effectiveness – doing the right things) and suggests how they can get there
from where they are now. SAST challenges groupthink by unearthing and
examining the assumptions underlying a favoured strategy. SSM facilitates
a learning process during which participants achieve better mutual
understanding and are able to reach accommodations about feasible and
desirable change
o Critical Systems Heuristics can be used to address issues raised by the
societal/environmental perspective. It can reveal how a systems design
might privilege the interests of some stakeholders over others and give a
voice to those disadvantaged by power relationships. It can help people
think through what systems designs ought to look like from a variety of
stakeholder perspectives (including those of ‘representatives’ of the
environment and future generations)
o System Dynamics tries to identify the important causal relationships,
expressed through feedback and feedforward loops, that determine system
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behaviour over time. This allows the possible effects of an intervention to
be understood.
This awareness of the strengths of the different systems methodologies can easily
be linked back to the issues raised during problem exploration, and can be used to
inform the choice of methodologies to address those issues. For example, if the
primary issues were predominantly revealed by the cultural/political systemic
perspective, then a methodology prioritizing those issues will be an appropriate
choice. There are other means of enhancing critical awareness of the strengths and
weaknesses of the different systems methodologies (see Jackson, 2019). For
example, the ‘System of Systems Methodologies’ illustrates the historical
development and relationships between the various systems approaches.
•

Choose appropriate systems models and methods

Once agreement has been reached on what systems methodology, or
methodologies, to employ at the start of the intervention, it is time to decide on the
systems models and methods to use. Some models and methods have been tailored
to support particular methodologies and it would be perverse not to take advantage
of this. For example, the Viable System Model in support of Viable Systems
Diagnosis and Design; Rich Pictures and CATWOE analysis with Soft Systems
Methodology. Nevertheless, it is good to keep an open mind. The criteria for choice
should be that the models and methods can be used in support of the principles of
the guiding methodologies and are suitable and helpful in the problem context.
Models and methods that originate from outside the systems thinking tradition
should also be considered.
•

Structure, schedule, and set objectives for the intervention

Exploration of a complex problem situation always reveals a host of issues. For
example, the Covid-19 pandemic threw up materials, staffing, process, structural,
cultural, and inequality issues, all of which confronted decision makers at the same
time. This indicates the need to use many methodologies in parallel. However,
doing this can cause confusion, lead to much upheaval, and be beyond the resources
available. In normal circumstances, it is better to start with the methodology
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(possibly two) that addresses the greatest number of primary issues. As the
intervention proceeds, the problem situation changes and other issues come to the
fore, we need to be sufficiently alert to bring different methodologies into play.
Similar considerations apply to the choice of models and methods. Maximum
flexibility should be embraced to cleave to the requirements of the problem
situation. The intervention strategy can now be designed and scheduled. Precise
objectives and specific measures of success of the scheduled intervention must be
determined. The intervention can then start.
Stage 3, Intervene (flexibly)
The intervention can begin by following the steps indicated in the methodology or
methodologies chosen to start the process. In the best-case scenario, that
methodology, and associated models and methods, will resolve all the issues. After
all, the paradigms on which the methodologies are based claim to be of unlimited
scope. More likely, however, the problem situation will simply have changed, new
priorities will have come to the fore, and new primary and secondary issues
surfaced. The key to successful intervention with CSP is to remain alert to these
changes, not least to those occurring as a result of the intervention itself. This must
be accompanied by flexibility in the choice and use of the systems methodologies,
models, and methods. Stages 1 and 2 will need to be constantly revisited during the
course of the intervention. Eventually, success, failure, time constraints, or other
factors, will bring the intervention to an end. It is time to check on what has been
achieved and learned, and to consider what to do next.
Stage 4, Check (on progress)
•

Evaluate the improvements achieved

The intervention should be evaluated according to the specific measures of success
agreed in Stage 2. This is important. However, to be consistent with the CSP view
of complex problem situations as multidimensional, it is necessary to ensure that
the concerns of all five systemic perspectives are invoked in any evaluation. The
intervention may seem successful according to the specific measures. But, viewed
through alternative lenses, it might have made things worse. For example, an
intervention designed to make a system more responsive to its environment, via
decentralization, might have adverse consequences, from the cultural/political
perspective, if the changes were poorly communicated and forced through.
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Evaluation, therefore, should ask questions from the machine perspective
(efficiency and efficacy); the organism perspective (viability and resilience); the
cultural/political perspective (effectiveness, mutual understanding, and conflict
resolution); the societal/environmental perspective (marginalised stakeholders,
sustainability, and the environment); and the interrelationships perspective (what
intended or unintended consequences are ‘rippling’ through the system).
•

Reflect on the systems approaches used

Participants should reflect on what they have learned from the intervention.
Exposure to the range of systemic perspectives and methodologies will have
enhanced their cognitive flexibility – essential for working in a multimethodological way to address complexity. It is important that the learning is
carried forward in future work.
•

Discuss and agree next steps

The evaluation, and the priorities of the decision makers, will suggest what to do
next. The aim of a prolonged CSP intervention is to achieve and demonstrate
improvement viewed from the range of systemic perspectives and their associated
measures.
I can now provide an example of CSP in action. In this case, setting up a new
business school at the University of Hull in the UK. It is short, but the interested
reader can examine more detailed accounts elsewhere (Jackson, 2019, 2021). This
example sees CSP used in a ‘Mode 2’ guise (situation rather than methodology
driven – see Checkland & Scholes, 1990) to design a new system. It can also be
employed in ‘Mode 1’ format and for diagnosis of existing problems. Briefly, Hull
University Business School (HUBS) was founded in 1999 and, by 2011, had gained
accreditation from the three major business school accrediting bodies – placing it
in the top 1% of business schools worldwide. I was Dean during those 12 years and
often used CSP to inform thought and practice. I believe that this contributed
significantly to the success of HUBS.
It was important to recognize that building a new business school, in the twentyfirst century, takes place in the context of ‘general complexity’, confronts a
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multitude of interacting issues, and throws up wicked problems. Any attempt to
treat the problem situation as just ‘complicated’ would have failed. CSP is a
multimethodology suitable for general complexity. We will use the lenses of the
five systemic perspectives to consider what happened in this ‘intervention’.
If HUBS was to become a successful machine it would need a clear goal and the
resources to pursue that goal. The initial goal was to gain recognition from the three
main business school accrediting bodies. The significant resources to achieve this
could only come through growing student numbers and running efficient
programmes of study. From the machine perspective this demanded, for example,
that student recruitment processes be streamlined, modules be shared across
programmes as appropriate, and a staff workload model established. The Vanguard
Method and a simple linear programming model were used at different times. The
organism perspective proved particularly helpful in this greenfield situation. Using
the Viable System Model, it was possible to envisage HUBS as a thriving organism,
co-evolving with its environment and learning its way to becoming a top-rated
business school. This perspective ensured that HUBS identified the primary
activities that it wanted to direct to the market and structured itself around those
activities, providing them with managerial attention and appropriate resources.
Viable Systems Diagnosis and Design also focused minds on how HUBS could
achieve sufficient autonomy from its host university to respond to the peculiarities
of the business school market. For example, by establishing its own dedicated
marketing, recruitment, finance, alumni, and business engagement operations. The
cultural/political perspective promoted the need to achieve mutual understanding
around mission, vision, and objectives. Frequent meetings were held to develop
strategic and operational plans. The strap line ‘responsible leadership for a complex
world’ emerged from a school open day. Decisions, for example on the workload
model, were always widely debated and mandated at the School Board. There were
teaching conferences, numerous social events, and a coffee expanse that became a
forum for open discussion and debate, sometimes of a challenging nature.
Occasionally, time was made for explicit Soft Systems Methodology (SSM)
workshops to discuss and address issues that arose, such as ‘the multiple pressures
on staff in HUBS’. More often, SSM and Strategic Assumption Surfacing and
Testing were used implicitly as informal guides to everyday action. The
societal/environmental perspective had a significant impact. Business schools have
multiple stakeholders and HUBS gave due attention to their expectations. An
Advisory Board of stakeholders was established. Attention was given to the
percentage of women in senior posts, to minority ethnic and LGBT issues, and to
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preventing an academic/administrative divide. The same lens supported the
argument for concessions on admissions requirements for local students suffering
from economic, social, and educational disadvantage. It led to a successful
campaign to ensure that the coffee outlet was ‘fair trade’. HUBS was an early
signatory to the ‘Principles for Responsible Management Education’ and was one
of the first business schools to introduce an undergraduate module on business
ethics. Environmental issues were seen as important and many degrees
incorporated ‘sustainable business’ components. The interrelationships perspective
meant a close eye was kept on the possible unintended consequences of initiatives.
This was made easier because of the basic familiarity of many staff in the school
with the tenets of system dynamics. For example, it became apparent that the
‘Research Excellence Framework’ imperative to recruit high performing
researchers could lead to a neglect of teaching. This would be reflected in poor
results in the National Student Survey, a fall in league table position, a decrease in
applications and student numbers, a fall in income and, eventually, a decline in the
capacity to sustain high level research. A balancing loop was needed to reinforce
good teaching practice.
We can now ponder what CSP has achieved to date. Cabrera, Cabrera, and Powers
note that systems thinking has become a field ‘characterized by a baffling array of
methods and approaches’ (2015, p. 534). It can appear intimidating to practitioners.
They propose a new version of systems thinking based on four underlying rules
(DSRP – distinctions, systems, relationships, and perspectives) which they see as
underpinning all the different systems approaches. I do not agree with this
particular way forward, because I think these ‘rules’ are employed in essentially
different ways, and usefully so, in the various systems approaches, but I do agree
that it is necessary to make systems thinking more accessible. The challenge,
expressed in critical systems thinking terms, is to remain true to the theory, and the
four commitments, while presenting them in a form that is intelligible to nonacademics and useable by practitioners. It has taken 30 years from the first attempt
to say how the ideas of critical systems thinking could be operationalized (Flood &
Jackson, 1991) to get to the CSP multimethodology described above. There is more
work to be done but we are getting there. Much has been achieved. If I am right,
the next phase of development of CSP will see it being used more widely by those
not involved in its original development.
It should also be mentioned that, in this paper, I present CSP as an ‘ideal-type’ of
the good practice necessary to put critical systems thinking into effect. I concentrate
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on the philosophy and principles necessary to guide a successful systems
intervention, while giving some attention to what can realistically be achieved in
practice. Other researchers point to different aspects of successful critical systems
practice. Ison (2017) focuses on the systems practitioner – their history, skills, and
the way they engage with the problem situation. Chowdhury (2019) highlights the
‘cognitive flexibility’ that critical systems thinking consultants must have.
Gregory, A.J., Atkins, et al. (2020) reflect on ‘stakeholder identification and
engagement in problem structuring interventions’. These are important research
avenues and the results need to be incorporated into CSP.
Finally, it must be acknowledged that CSP is a product of the Western systems
tradition. It remains to be seen how transferable it is to other cultural environments.
In the Chinese context, for example, it may be more appropriate to employ a
multimethodological approach with Eastern roots. Gu and Zhu’s (2000) wuli, shili,
renli (WSR) provides a good example.
Conclusion
In the systems thinking community, the argument that you need multiperspectival
and multimethodological approaches to manage general, multidimensional
complexity has just about been won. Critical systems thinking has not done this
alone, but it has played a major part. It has provided the theoretical justification
and guidance on how to apply the ideas in practice. Take up of the approach by
practitioners will, in my view, now follow.
Looking more widely, I have long argued (Jackson, 1991) that critical systems
thinking (CST) and critical systems practice (CSP) can provide the necessary
theoretical underpinning and practical guidance for the management sciences more
generally. There has been progress in project management. CST was a key input
into the International Centre for Complex Project Management’s (ICCPM)
Complex Project Management Competency Standards (see version 4.1, 2012). It
was also central to the design of an Executive Masters Programme in ‘Complex
Project Management’, jointly developed by ICCPM, Queensland University of
Technology, and the Defence Materiel Organization (DMO) of Australia. In health
systems research, the message is gradually being heard that theory and practice is
being held back by a ‘restricted complexity’ viewpoint and an attachment to system
dynamics as the sole systems methodology (Jackson & Sambo, 2019). Attempts to
spread CST and CSP to quality management (Flood, 1993; Beckford, 1998),
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leadership in local governance (Hobbs, 2019), and management consultancy
(Chowdhury, 2020) are encouraging. In organization theory, evaluation research,
information systems, knowledge management, and logistics, despite promptings
(Galliers, Mingers & Jackson, 1997; Gregory, A.J., 1996; Jackson, 1992, 1997;
Jackson, 2005; Mears–Young & Jackson, 1997), the impact is less obvious. There
have been faint echoes of CST in enterprise architecture, business process
reengineering, organizational learning, change management, service systems
science, and epidemiology. But, in all these cases, theoretical development and
practical relevance remain hindered by a reliance on a limited number of systemic
perspectives and systems methodologies. It is not clear why there is not greater
take up of CST and CSP in the wider management sciences. All the sub-disciplines
mentioned are dealing with general complexity and wicked problems. There are
successful academic and professional careers to be built enhancing different
branches of the management sciences, using CST to upgrade the theory and CSP
as a multimethodological standard.
NOTES
1.
2.

3.

4.
5.

I have left the complicated story of socio-technical systems thinking out of this account.
For a history and evaluation of this systems approach, see Jackson (2019).
In using the phrase ‘critical systems thinking’, I am referring to the particular strand of
systems thinking that emerged from the work described in this section. I acknowledge that
the work of some earlier systems scholars, Churchman being the prime example (e.g.
Churchman, 1971), was ‘critically inclined’.
I can make a good case for the historical accuracy of my account of the origins and
development of critical systems thinking, based on the literature. However, I can only offer
my own interpretation of contemporary critical systems thinking. Others will have different
views.
See Jackson (2019) for more detail on the three aspects of critical awareness - ‘theoretical
awareness’, ‘social awareness’, and ‘ecological awareness’.
The reservations expressed about my account of critical systems thinking, in Note 3., apply
even more to this account of critical systems practice. My version of critical systems
practice can be traced back directly to Flood and Jackson’s ‘total systems intervention’
(1991). It has been gradually developed and this account provides the latest version. Others
will differ in how they think critical systems thinking is best used in practice. This latest
version has, however, benefitted from feedback from Amanda Gregory, Catherine Hobbs,
Gerald Midgley, Luis Sambo, and Steven Wallis. My thanks to them.
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“Everything we hear is an opinion, not a fact. Everything we see is a perspective, not the truth.”
Marcus Aurelius161 to 180 AD.

Abstract
Many of us are in a state of information overload. We are overwhelmed with
‘information’ in all its forms each day. Information overload prevents us from
thinking about it in a rational way. In this paper I consider if the ideas
underpinning soft systems can help to create a ‘firewall 4 ’ between being subsumed
by the sheer weight of information and evaluating what it contains. To do this I
return to the notion of phenomenology that underpins soft systems thinking.
Phenomenology is that realm of intentional consciousness that enables the
phenomenologist to develop a radically unprejudiced justification of their basic
views on the world and of himself and explore their rational interconnections.
Similarly, in soft systems we acknowledge that reality is formed by sensation and
fashioned by experience. It is not exclusively a process of thought, (although this
may shape how we process our experience), for us the world exists as the result of
a subjective appreciation of it. In this paper I explore how soft systems thinking
through the ‘method’ of phenomenology might be a valuable skill in coping with
information overload.
Key Words: Soft Systems; Phenomenology; Information overload.
4

Firewalls establish a barrier between secured and controlled internal networks that can be trusted
and untrusted outside networks, such as the Internet. I use this term metaphorically to suggest that
soft systems thinking can provide such a screen
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Purpose of this paper
My intention is twofold. First, to raise my concern about data overload and its effect
upon us and second, suggest that soft systems thinking might prove to be a useful
way of putting into context the data and its implications. To do this I return to
Husserl’s phenomenology which arguably forms the basis of soft systems ideas.
Introduction
The ubiquity of digital devices has provided the platform for the transmission of an
excessive quantity of information on every conceivable subject. This has created
in each of us a feeling of information overload at times. Information overload is
defined as a situation where you receive too much information at one time and
cannot think about it in a clear way (Cambridge dictionary, 2020). It is caused by
the struggle of managing the volume of information from multiple sources this,
coupled with a scarcity of time, makes it difficult to make an informed judgement.
Information from too many sources makes it difficult to analyse and understand the
message itself resulting in confusion rather than better understanding. Individuals
are often left in a state of bewilderment through their excessive consumption of the
data that is available to them with little time to critically evaluate it 5 .. The main
driver is information technology and the social media platforms it supports
enabling vast amounts of data to be generated, which is easily accessed and
distributed every millisecond on a variety of topics; too much for any individual to
fully comprehend. We have to make a choice about what we read, but how do we
make those choices?
In this paper I consider how our experience shapes the way in which we make sense
of the world and make choices. In modern times what we ‘think’ is influenced by
the choices we make from the vast amount of material available to us. To do this I
contemplate Husserl’s phenomenology as a way of understanding why there are
different opinions behind each ‘envelope’ of ‘information’ that we access and why
it is important to recognize and be aware of these differences.

The situation of interest

5

See: Mintzer, Paying Attention: The Attention Economy, 2020
See https://econreview.berkeley.edu/paying-attention-the-attention-economy/.
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The epithet ‘information’ age is somewhat misleading. More correctly it is the age
of big data and data processing. We are bombarded with data from all kinds of
sources that is packaged in such a way that we refer to it as information. Your
rejoinder to this assertion might be to point out that you receive personal
information from a variety of sources that you find useful, such as emails, contacts
from social media and advertisements from on-line shopping and so on, but this is
not information. It is a representation of something that you the
reader/listener/viewer transform into something that makes some kind of sense to
you. In some instances, when the topic is unfamiliar, it might be necessary to find
out more, but this is not always easy and could lead you into a situation you had
not expected. For example, it would be unwise to accept an offer for cheaper
insurance, or a holiday package, or accepting an offer of a large sum of money from
unknown sources without further research 6 . These kinds of communications are
based upon a digital process that sorts through a large database that ‘selects’ you
because your profile matches the sender’s intentions. The wise recipient will
explore the communication further but ‘finding out’ is not easy and without a
strategy of some kind can lead to confusion.
I recall some years back when a post graduate was undertaking a project as part of
the programme and had decided to carry out the research in the university library.
As the course director I received a call from a librarian expressing concern that the
student had a mountain of books and seemed to be overwhelmed. I visited him and
the librarian was correct. The student was overwhelmed. What he was looking for
was certainly contained in the texts, but each text was written by someone who had
a different perspective on the subject at hand and every text he read was
undermined by the opinion expressed in the next text. The student was bewildered.
We can multiply that feeling of confusion many times over because every day we
are bombarded with data, each written from a particular viewpoint (usually
undeclared).
These days we are subjected to 24/7 technology and rolling broadcasts on TV.
Social media is full of material, much of it is unchecked, which spawns
conspiratory theories raging from doubt about the moon landing through to G5

6

Over a third of scams (34%) were over the phone; Almost a quarter of scams (24%) were
through visits to a web site;16% were letter or fax scams; One in ten scams (10%) were through
emails. Reference: https://www.citizensadvice.org.uk/about-us/how-citizens-adviceworks/media/press-releases/four-million-people-scammed-each-year/
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being responsible for the Covid19 pandemic (In May 7 there were a reported 77
attacks on U.K. phone masts and cell tower employees). Our present concerns are
about the pandemic and the virus Covid-19, but what we learn about it comes from
a variety of sources, some potentially dangerous, e.g. it is reported that groups on
social media are combining to resist taking a vaccine against Covid-19 because
‘they’ say it is about making huge profits 8 . Moreover, it is reported that some
sources of dubious creditability, and some state controlled, use the media to
undermine stability and boost their own credibility. Foreign powers use the
medium to spread alarm 9 as a means of creating unrest and disturbance. This
underlines the importance of being aware of the viewpoint that is embedded within
the ‘information’; it is not neutral.
Using the web, we are able to access ‘information’ where we will find every shade
of opinion. This can have unintended consequences. No matter what the subject
might be, the searcher will find one to match with their own in their pursuit for
some form of recognition. For example, groups with genuine concerns wishing to
exercise their right to peaceful protest find their protest hijacked by others with a
different agenda, all of which is easily organized through the power of social media.
It is easy to become overwhelmed with ‘information’ without being able to
discriminate between tittle-tattle and substance. To ‘find out’ about something is
not a trivial task, which becomes increasingly difficult the more data we access and
the more we explore the subject of interest.

Technology is not neutral
We are overwhelmed by a tsunami of ‘information’ each wave interpreted by the
receiver as it arrives in a variety of ways; mobile telephone, tablet, TV, radio, other
7

See: https://www.pymnts.com/news/retail/2020/pandemic-and-conspiracy-theories-delay-5g-atretail/
8 See: https://www.politifact.com/factchecks/2020/may/14/facebook-posts/no-evidence-gatesfoundation-will-profit-coronavir/ and https://www.gov.uk/government/news/uk-steps-up-fightagainst-fake-news.
9 E.g. see https://www.nytimes.com/2019/09/26/technology/government-disinformation-cybertroops.html. Last summer the World Economic Forum (WEF) invited its 1,500 council members
to identify top trends facing the world. The WEF consists of 80 councils covering a wide range of
issues including social media. In tenth place was a concern over the rapid spread of
misinformation online, specifically social media’s role in this. (https://theconversation.com/hardevidence-how-does-false-information-spread-online-25567)
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people, newspapers and so on. Does the way in which the ‘information’ is presented
affect our interpretations? For example, does a 280-character message on twitter
carry the same weight as a half-page article in a newspaper? This is thoughtprovoking since less than 10% of ‘tweets’ hit the character limit, most are around
the 33 words average, which suggests the receivers and the sender have a similar
understanding of the subject matter. There is no debate. For those outside that
intimate ‘bubble’ may find the contents of the message less clear, meaning that
they are effectively outside that community. To paraphrase Wittgenstein, a word
or sentence hasn’t a fixed meaning given to it by some omnipotent power, a word
has a meaning someone has given to it (Wittgenstein, 1987, p.28) and each
community will understand what is said in a different way.
Many of our citizens are seldom seen without peering at some device as they
wander around our streets, apparently unconscious of their surroundings and
absorbed in its message. It is unlikely that its contents are conducive to critical
evaluation. It is not a characteristic that is limited to one particular group either, as
it is rare for any age group not to have access to some form of digital receiver. My
father-in-law had an iPad and mobile telephone in his 90’s, he used it primarily to
follow the fortunes of his favoured football team. Experience of these technologies
show us it is equally as easy to search until the searcher finds something which
reflects their own opinion. In 1983, Vickers wrote, ‘...men and their cultures are
profoundly influenced by the tools they use. In this sense technology is not and can
never be neutral. It shapes users minds and habits; it limits as well as enlarges’
(ibid, 1983b, p.8).
How do we find out about anything and what ‘information’ can we trust? Well it is
out there, because alongside the misleading and unsound data also exists answers
to the questions to which we wish to find an answer. Finding answers requires
intellectual skills to support our ability to analyze and make sense of what we see
and hear, but this too is influenced by our experiences of ‘our world’. I believe that
it is important that we should be aware that our ‘appreciation’ of a situation itself
is not free from the influences of the ‘community’ to which we belong. To this end
I will reflect upon what contribution soft systems thinking 10 can make to
understanding of complexity through the lens of phenomenology at the heart of soft
systems. I do not claim this as a new idea as Checkland refers to Husserl’s

10

Not Soft Systems Methodology but soft systems thinking - See Stowell, 2020.
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phenomenology and Schutz’s sociology as the basis of Soft Systems Methodology
(SSM), but this paper calls upon soft systems thinking itself and not SSM.
Soft systems thinking and understanding the world
To imagine that our experience or experiences alone represent the world, is to
deceive ourselves. Our reality is formed by sensation and fashioned by experience,
it is not exclusively a process of thought, (although this may shape how we process
our experience), for us the world exists as the result of subjective appreciation.
Husserl argued, that we can take this to represent that ‘area’ we have acquired from
experience which provides us with a form of stability of thought, but even so we
should recognize it for what it is, it is not absolute because as he reminds us an
‘…absolute reality is just as valid as a round square.’ (ibid, 2012, p.109). A
researcher might consider their findings to be objectively created from past
theories, but these ‘models’ are, from the phenomenological perspective, eidetic;
propositions from a world that is imagined by their creators. The inquirer believes
them to be ‘real’ and believes that others share it, Investigation arises from the
psyche of the investigator who is also predicated to a particular perspective. The
observer is not without pre-knowledge of the object and of the subject being
investigated, an association that brings into question the whole notion of
objectivity. To consider an investigation to be truly objective is to accept that the
Lifeworld of the inquirer is ‘real’ and shared by others. Soft systems ideas
challenge the notion of objectivity and, indirectly, the basic premise of scientific
inquiry into human social situations.
Lifeworld, Lebenswelt, was Husserl’s explanation of distinguishing between our
world of lived in experience and the world of science that supposes a natural world
as existing, waiting to be explored and modeled. This is not to deny the world is
‘real’ because as Husserl says, ‘… the real world indeed exists, but in respect of
essence is relative to transcendental subjectivity…’ (ibid, 2012, p.xliii). Science,
of which technology is its outcome, presupposes the thesis of the natural worldperspective, investigations being in this framework, and is bound up with the
ontology of the real 11 . In other words, ideas are explored from the same basic
premise from which they started. A natural scientist accepts this as the process of
developing ideas, but the phenomenologist places such ‘discoveries ‘in brackets’,
what is referred to as epoché (Husserl, 2012, p.97), and does not assume them to
11

See: Patocka, 2016, p.145, also Zelic 2008, pp.416-419
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be a part of the original thesis. This is because every idea is subjective to a greater
or lesser degree and in order to understand ‘something’ we need to separate the
phenomena from our predisposed ideas about it. This means suspending belief
about ‘something’, that is to say attempting envisioning its essence. From a
phenomenological perspective this can only be achieved by putting to one-side
personal opinion (epoché), removal of presuppositions, denying reference to
forestuctures and what Vickers calls readinesses.
Warnock points out that ‘…the question of the existence of the object of
consciousness ‘in’ the mind, now has its aim the removal of presuppositions, which
might prevent the direct and immediate awareness of essences (Warnock, 1970).
In other words, we should be aware of our tendency to form an opinion based on
past experience and ‘overlook’ the essence of the ‘object’ of interest. Husserl refers
to our appreciation towards the purity of the property of ‘something’. By this he
means that we differentiate between the item as an object and our valuation of it.
(Husserl, 2012, p.68-70). Although it is unlikely that any of us think of an object
in terms of its purity, practitioners of SSM will recognize that separating the real
world from the thinking world in mode 1 is an attempt to do just that. Realistically
it is doubtful if this can be fully achieved in practice, but this should be the
intention. I believe this idea to be an important point to think about within the
context of the ‘information age’ and our understanding of what we receive.
Husserl argued that we learn about our world through our senses and from our
practical experience of it so it is difficult to disassociate this experience from our
perception of reality. We can ask ourselves how can we believe that the world exists
as a function of our imagination and the same time experience its existence? This
is an important point as Hermberg (2006) writes, ‘…Thus there is no way to move
from what the subject presumes to be fact to what is actually fact, from what seems
to be the case to what one knows to be the case.’ (ibid. p.18). It is difficult for us
to disconnect what we see or think about something from the phenomena. For
example, most are familiar with a mermaid or a unicorn, yet there are no such
things. 12 We fill in our lack of detail about these mythical creatures with enough
‘reality’ for us to accept them as a central point in a story. To explain this
dichotomy Husserl used the term intentionality. He explained this as ‘…the
directedness of experience toward things in the world, the property of
consciousness that it is a consciousness of or about something. According to
12

E.g. see https://www.britannica.com/topic/unicorn
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classical Husserlian phenomenology, our experience is directed toward—
represents or ‘intends’—things only through particular concepts, thoughts, ideas,
images, etc. These make up the meaning or content of a given experience and are
distinct from the things they present or mean. A world exists for each of us because
we focus upon an aspect of an object and make sense of it from our lived
experience. By accepting this premise, we accept that each situation that we
encounter is ‘shaped’ by the way we perceive the world. Similarly, we ‘fill in’ any
blanks in the ‘information’ we receive from our own imagination and experiences.
From a ‘soft systems’ perspective this seems to be encapsulated by Vickers notion
of the ‘Appreciative Systems’. An Appreciative system is, he says, ‘…the inner
history of an individual, an organization and a society…an unique interpretative
screen, yielding one among many possible ways of interpreting and valuing
experience.’ (Vickers, 1983a, p.69).
It is important to note Vickers said ‘many ways’ of interpreting and valuing
experience. What we hear and see has a variety of meanings at the time we hear,
see or experience them. How we grasp what is being said is itself subject to our life
experience and each object of our attention may have many meanings and the very
act of perception may generate meaning itself. We each interpret something
according to self-experience of the life world and the groups we share it with. We
might belong to a sort of ‘cultural’ community that is fashioned by ‘communalized’
living and doing things together. The community is made up by individuals with
an informal bonding that is difficult to recognize by an outside observer. As such
this ‘community’ is barred to anyone from another community entering in relation
to theirs. Anyone trying to enter is considered as an outsider. Experience of life
shows us that within each social grouping there is a ‘boundary’, not just in terms
of expertise, but also an informal bonding 13 that to the outsider, is not always easy
to recognize or penetrate. Our understanding of the ‘world’ is in respect of our
surrounding world or culture, our consciousness of the world is created by and from
‘things’ which are around us. It is those ‘things’ which are of relevance to ‘me’
which I experience, that forms the basis of understanding of the world and my
relationship to it. This experience belongs to us as a subjective appreciation of a
phenomena, and that it is ever changing.

13

E.g. See: Checkland and Poulter (2006) Learning for Action, Wiley, Chichester, p.37
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The importance of essence
We are interested in the ‘essence’ of what it is we wish to understand. Such a
consideration is difficult but recognizing the difference between our first reaction
about ‘something’ and what that something really is, is important, particularly at
this time of ‘information’ overload. Each ‘entity’ should be considered within its
own ‘form’ (Eidos), in itself; its essence. Our understanding of ‘something’ can
only be gained if we comprehend the ‘essence of things’ what Warnock refers to
as a special kind of an immediate experience 14 . It is this that provides the
relationship (or context) through which we make sense of the object of our
attention. She says that ‘…the question of the existence of the object of
consciousness ‘in’ the mind, now has its aim the removal of presuppositions, which
might prevent the direct and immediate awareness of essences’15 . Husserl says that
‘...our awareness of the world, which is an intelligent and understanding
awareness, could not be so unless we grasped the essence of things.’ (Ibid, 1970,
p.33).
What Husserl meant by essence is something that, to this day, exercises
philosophers and a lengthy discussion has no place in this short paper, but the
‘notion’ of essence is important to this conversation. To think about essence means
thinking about the structure of our conscious experience. When we are conscious
of a phenomenon it is because we are directing our attention to it – we intend to
contemplate something. 16 But our experience is directed towards, represents or
‘intends’, things through particular concepts, thoughts, ideas, images, etc. These
make up the meaning or content of a given experience and are distinct from the
things they present or mean. A world exists for each of us because we focus upon
an aspect of an object and make sense of it from our lived experience. By accepting
this premise 17 , we accept that each situation that we encounter is ‘shaped’ by the
way we perceive the world.
14

For example, the presentation of a colour. There is the colour itself, which is based upon
experiences of similar colours but there is also the essence of ‘colour’ itself; what it is and its
‘what’
15 Wesenschau, the grasping of essences- acts of perception of objects go to make up awareness
of general essences.
16 See fifth meditation Husserl elaborates upon intentionality the individual and the surrounding
world Husserl,1960, pp.131-136.
17 Satre, an advocate of Husserl’s ideas (and had his differences), prized the restatement of the
principle of intentionality as he felt that it freed us from the epistemology inherited from
Descartes (see Flynn, 2011 for useful discussion).
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Husserl was concerned with explaining how each of us formulates our
understanding of the world and of specific situations. He moved from the
consideration of our understanding of verbal expressions to our perceptual
experiences of the world ( 18an important difference between Husserl’s ideas of
intentionality and Dilthey). The phenomenologist and, according to my
interpretation, a soft Systems inquirer, is concerned with gaining understanding of
our imagined and our ‘real’ experiences and how it shapes our perception of the
world. Husserl argued that we learn about the world, by experiencing ‘things’,
which provides us with a way of making sense of them 19. Soft systems is a
compromise between phenomenology as a philosophy and phenomenology ‘in
practice’. Soft systems practice is enhanced by embracing the notion of subjectivity
that underpins everyone’s, often undeclared, opinion.
Avoidance of ‘Instantaneousness’
In an age where ‘instantaneousness’ seems to underpin our everyday lives I believe
that it is important that we develop our ability to analyze and dissect what we see,
read and hear. It is by accepting our limitations, our limited horizons, that we can
reduce the impact of preconceived ideas. Opinion, Gadamer says is the enemy of
understanding (2004 pp.359-361) and it is by putting to one-side personal opinion,
removal of presuppositions, that we can attempt to gain understanding. To truly
gain ‘a horizon’ means looking at the whole and not merely the immediate by
keeping an open mind to the view of the other person (Gadamer, 2004, p.271). Our
understanding is improved by engaging with ‘others’ in a manner that allows each
participant to express, unhindered, their opinion about the ‘thing’ in question. 20
Gadamer describes this interaction as follows, ‘… the fusion of horizons that takes
place in understanding is actually the achievement of language…’ (ibid, p.370).
He makes an important point, which the soft systems practitioner can usefully
embrace, he says, ‘...the fusion of horizons was the form in which this unity (of
18

For Dilthey we make sense of the world from three formulations; naturalism, idealism of
freedom and objective idealism- see Makkreel, 2016 for a useful discussion
19 Realistic phenomenology studies the structure of consciousness and intentionality, assuming it
occurs in a real world that is largely external to consciousness and not somehow brought into
being by consciousness - Encyclopedia of Phenomenology, Kluwer Academic Publishers, 1997,
Dordrecht and Boston.
20 This view is contrary to that of Foucault et al who argue that discussion is oppressive and
discourse a means of governing social groups. But here I take a different view and one that
accords with what Gadamer refers to as Gemeinsinn, being public spirited; sensus communis.
(Gadamer, 2004, pp.27-31).
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meaning) actualizes itself, which does not allow the interpreter to speak of an
original meaning of the work without acknowledging that in understanding it, the
interpreters own meaning enters as well...’ (ibid, p.578). Modern digital
communication, even visual mediums, constrains this activity.
Concluding remarks
‘Systems’ is a particular way of thinking about the world. It is based upon the
realization that the properties of the whole cannot be understood by reducing it to
an analysis of its parts 21 . The whole (the system) is built from an interconnection
of networks (and different perspectives) from which a ‘shape’ emerges that allows
each observer to recognize it as a system. This notion of holism was the basis of
modern systems thinking and practice, but Soft Systems offered a different way of
thinking about the world than the traditional ideas of General Systems Theory
(Bertalanffy, 1959, ASC/Macy conferences, 1946-53; Stowell and Welch, 2012,
pp.132-134). It moved from thinking of the world in concrete terms where the
‘problem’ can be thought of as having a clear definition of objectives, which
Checkland reminds us ‘… in systems of this kind a definition which is operationally
useful is extremely difficult to obtain.” (Checkland, 1981, p.142). Thinking in
terms of Soft systems challenged the notion of a ‘world out there waiting to be
discovered’ highlighting instead that each situation should be considered as being
unique and resulting from the observer’s experience. I believe that these ideas are
of immense value to us in the information age. Soft systems thinking highlights the
importance of subjectivity, the way it shapes our thinking and influences behaviour.
By embracing these ideas may help to put into context and critically evaluate the
‘information’ we receive; much of it uncorroborated.
Concerns about the credulous acceptance of ‘information’ is not new. For example,
Kierkegaard 22 in the early 19th century warned about the uncritical accumulation
of ‘information’. He expressed concern about the ease with which individuals
latched on to phrases and ideas from books and newspapers (and in our case I add
the media, in all its forms) can be in the grip of a particular outlook by deceiving
ourselves into assuming no alternative was open to us. Living, he said had
21

Capra’s ‘The Web of Life’ provides an interesting account of the early Systems thinking pp3650. And Checkland (1999) pp.59-71 for a comprehensive account of ‘Science and the Systems
Movement’.
22 Kierkegaard is credited as being the founder of Existential thought and of his concerns about
the loss of self-identity that rob us of the intrinsic value of subjectivity are relevant to this
discussion.
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‘…become a matter of knowing rather than doing, accumulating things by rote… ,
people will excel according to their capacity for singling out the various facts like
a printer singling out letters, but completely ignorant of the meaning of anything’
(Gardiner,1988, p.40). He felt that a kind of ventriloquism was emerging where
people take refuge in doctrines and dogma which they then repeat without attaching
any real significance to what they were saying (ibid, p.38).
The difficulty is how can we engage and avoid our presuppositions? Each of us has
a limited knowledge of any situation and we are often a ‘prisoner’ of our
background. When we seek to understand something, we form an opinion, through
our experience of its associations. This relationship, or bond, comes through
language. Gadamer highlights the link between an object of attention and language
and is an important point for soft systems thinkers. We learn to appreciate a
situation through social intercourse and the basis of this is language and empathy.
Data based ‘information’ restricts our appreciation of the whole because of the way
it is presented. We are denied access to the non-verbal cues that we develop through
informal conversations. It lacks an opportunity for the receiver to learn what
motivates the sender and why they view a situation in a particular way. The
phenomenologist and, de facto, a soft Systems practitioner is concerned with
gaining understanding of our imagined and ‘real’ experiences and how this shapes
our perception of the world rather than seek a scientific interpretation. Husserl was
concerned with explaining how each of us formulates our understanding of the
world and of specific situations. He moved from the consideration of our
understanding of verbal expressions to our perceptual experiences of the world; we
learn about the world, by experiencing ‘things’, which provides us with a way of
making sense of them. I believe by reflecting upon the ideas underpinning soft
systems may be a way of adding context and value to the volume of information
we receive.
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Abstract
In studies of information systems, the notion of information content is not always
explicitly defined. For example, in the field of information integration there are
two major approaches namely structural and semantic. However, neither defines
the crucial concept ‘information’. For another example, in the field of databases,
the information content of a database is seen as all possible instances of the
database. We believe that this is not satisfactory. In this paper, we explore how we
may approach and formulate the notion of information content of an information
system. However, there does not seem to be consensus about the ways of thinking
about information. We therefore draw on a particular stream in the study of
information in the literature, namely qualitative information theories including
Dretske’s semantic theory of information and Devlin’s ‘infon’ theory, whereby we
construct a conceptual framework consisting of information source, bearer and
receiver. We use this framework to look at information systems and explore the
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notion of information content of them. Then we show how this approach may be
applied to formulating information content mapping for information integration.
Our work presented here is an attempt to find out whether the qualitative
information theories that we follow are enlightening and helpful for exploring the
notion of information content for information systems, and we find that they are..
Keywords: Qualitative information theories, Information System, Information
Content, Infon Theory
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1 Introduction
In studies of information systems, the notion of information content is not always
explicitly defined. For example, it seems that information integration is one of the
most active and exciting fields in information systems research (Bernstein and
Haas, 2008). Information sharing from multiple heterogeneous sources is a
challenging issue, which ranges from databases, data warehousing, to modern
analytic and business intelligence platforms such as Microsoft’s Power Business
Intelligence (Microsoft Power BI, 2020) and Tableau from Tableau Software
(Tableau Software, 2020). In all these fields, the demand for sharing data,
information and knowledge increases continuously.
Many approaches have been proposed for achieving those goals in the literature in
the past decade. However, the main problems to be faced in integrating information
coming from distributed sources are still in the continuing quest, which are related
to structural and implementation heterogeneity. These lead to well-known semantic
issues, such as semantic heterogeneity, semantic mapping, the application of
Semantic Web, etc.
We observe that carrying out semantic studies in these areas may not be sufficient
when information becomes the object of the investigation. Furthermore, we
observe a dearth of scientific study of the term of ‘information’ in the database
field. The concept of information content has appeared in many published works.
However, two main problems appear here. Firstly, clear definitions for information
content are not always exposed to the community (Hull, 1984; Miller, Ioannidis
and Ramakrishnan, 1993; Blanco, Goni and Illarramendi, 1999). Secondly, some
projects use Shannon and Weaver’s information theory to measure information
content (Arenas and Libkin, 2003; Andritsos, Miller and Tsaparas, 2004). But it is
a mathematical model of communication, in which they use probability to define
the amount of information that is caused by ‘reduction in uncertainty’ (Shannon
and Weaver, 1949), and therefore it is accepted that the theory is purely
quantitative, and covers only the engineering aspect of information creation and
transmission (Dretske,1981, p.3).
Motivated by this gap of knowledge identified above we work on an approach for
exploring and clarifying notions about information in information systems. We try
to answer the question ‘what is the information content of an information system?’.
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In this paper, we present our findings from investigating the information content of
data sources and formulating the notion of information content.
There are various proposals for the formalisation of the concepts of information
including qualitative theories of information and quantitative ones (Stanford
Encyclopedia of Philosophy, 2018). The former includes the notion of semantic
information, which is defined as ‘well-formed, meaningful and truthful data’
(Floridi, 2002). This is close to our everyday naïve notion of information as
something that is conveyed by true statements about the world. This notion seems
suitable for looking at information systems in general, and it also suits our
investigation. Our approach therefore draws on Dretske’s semantic theory of
information (1981), Devlin’s ‘infon’ theory (1991) and the information flow
channel theory (Barwise and Seligman, 1997), based upon which we construct a
conceptual framework consisting of information source, bearer and receiver (SBR
for short). We observe that Dretske’s theory starts with a central property of
information, namely information reduces uncertainty, and in other words,
information is generated through reduction in uncertainty. The amount of
information that is generated by some event is the amount of uncertainty associated
with the event, and it can be measured by means of entropy: the entropy, H, of a
discrete random variable X is a measure of the amount of uncertainty associated
with the value of X (Hull, 1984). The main insight of Dretske’s theory for us is the
content (not the quantity) of information that a signal carries about an event, and it
should be what the receiver of the signal would be interested in. Devlin’s theory
gives us ‘infon’ as units of formation, and moreover ‘constraints’, which reveal
how a cognitive agent receives information via some information carrier. We will
say more on how these theories inform our SBR framework in Section 4.
This paper is organized as follows. We briefly discuss related work found in the
literature in Section 2. Then in Section 3 we summarise fundamental concepts of
the theories on which we draw, before we proceed to introduce a model for studying
information flow in Section 4. In Section 5 we describe our approach to formulating
the information content of an ER diagram. In Section 6, we show how our
definition of information content may be applied to specifying mappings between
conceptual schemata. Finally, we give conclusions and identify future work in
Section 7.
2 Literature Review
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Before proceeding to our approach, we shall review some related topics, namely,
approaches to integrating information and the ‘information content’ of a database.
This helps us identify the gap in knowledge in which we aim to fill.
Integrating Information
A general definition of information integration, in a practical sense, is the ability to
integrate and retrieve information from heterogeneous and distributed sources to
support decision-making and business analysis, etc. Ideally, we expect that
information sources talk to each other with a unified interface. A declarative logical
representation may need to be used to form the conceptual basis for the basic
architecture of information integration systems (Devlin, 1991).
One of the basic requirements for information integration frameworks is to allow
the user to specify what information he/she wants rather than how to get it (ibid.).
Within a common architecture of information integration, at least one software
component (agent) is normally designed for the purpose of managing diverse
information sources and describing available information. Some developed
systems use mathematical logic as a knowledge representation (KR) technique,
such as ‘Infomaster’ (Dimopoulos and Kakas, 2001).
To achieve these goals, two fundamental approaches have emerged in the literature:
structural and semantic (Hammer and Mcleod, 1993). A well-known project
following the structural approach is the TSIMMIS (‘The Stanford-IBM Manager
of Multiple Information Sources’) at the Stanford University (Genesereth, Keller
and Dushka, 1997). It uses translator that logically converts the underlying data
objects to a common information model. A data description language (model),
OEM (Object Exchange Model), is used and the fundamental idea is that all objects,
and their subobjects, have labels that describe their meaning. For example, the
following object represents weight of Jim of 70kg:
<weight_of_Jim, int, 70>
where the string ‘weight_of_Jim’ is a human-readable label, ‘int’ indicates an
integer value, and ‘70’ is the value itself.
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Many other projects have been proposed following a semantic approach (Chawathe
et al., 1994; Arens et al., 1993; Bright, Hurson and Pakzad, 1994; Hammer and
Mcleod, 1993). MOMIS is one of those approaches to the integration of
heterogeneous information. A common data model (ODMI) and language (ODLI)
are adopted to describe sharable information. A Description Logics ocdl (object
description language with constraints) is used as a kernel language. Information
integration in MOMIS is based on schemata and is performed through an extraction
and analysis process followed by a unification process. An example of ODLI Class
descriptions, showing a relation class is illustrated below:
Interface School_Pupil
(source relational School
extent School_Pupil
key name)
{attribute string first_name;
attribute string last_name;
attribute string id;
attribute integer year;};
The ‘Information Content’ of a Database
The phrase of information content has appeared in the literature of databases.
However, we observe that, firstly, there lacks clear definitions for this important
concept. For example, an ‘information content preserving’ approach to schema
transformation is proposed in Rosenthal and Reiner, 1994, in which it says that
information content of a schema is defined by the sets of legal states of the database.
It would seem that the concept of information content is treated as the same as a
well-known notion called information capacity originally introduced by Hull
(1984). The concept of information content does not seem to have been formalized
and detailed in those works when it is applied onto analyzing schema
transformation and integration problems.
Secondly, some research uses Shannon and Weaver’s information theory, which is
a mathematical model of communication. They use probability to define the
amount of information that is caused by ‘reduction in uncertainty’ (Shannon and
Weaver, 1949) as a measure of information rather than to describe the information
content. For example, in Andritsos, Miller and Tsaparas, 2004, the authors use
techniques of Shannon’s theory (Shannon and Weaver, 1949) and define a measure
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of information content of elements in a database with respect to a set of constraints.
Entropy is a measure of the ‘uncertainty’ of V, a discrete random variable. When
its value is high, the certainty with which we can predict the values of the random
variable is low. Following the definition of entropy and conditional entropy, the
concept called ‘mutual information’ is introduced as I(V;T). This measure captures
the amount of information that the variables convey about each other. The authors
use this approach to discovering duplicate, or almost duplicate, tuples and attribute
values in a relational instance and to grouping attributes based on the duplication
of values. Therefore, it seems that information content is described on the instance
level rather on the type level.
In addition, there are some other approaches to representing information content of
a database, such as content-free grammar (Levene, 1998), which is used on the
information content of individual databases at the instance level, and Automatch
(Berlin and Motro, 2002), in which information content of a message is represented
by entropy based on Bayesian learning in the field of machine learning.

3 Theories drawn on
Following the previous section, we therefore believe that it is desirable to try and
define the notion of information content with sound theories. Let us start with an
ontological assumption that information is objective in the sense that ‘the
generation, transmission, and reception do not require or in any way presuppose
interpretive processes. ‘In the beginning there was information. The word came
later’ (Dretske,1981, p.vii).
Dretske’s Semantic Theory of Information
The origin of the work that we present here was an attempt to apply the semantic
theory of information by Fred Dretske in 1981 onto information systems design.
We take Dretske’s account of the relationship between information and knowledge
to be an important insight, which we intend to use as a way of incorporating
epistemological considerations into looking at theories of information.
Dretske (1981, p.45) defines the notion of the ‘information content’ of a state of
affairs as follows:
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A state of affairs contains information about X to just that extent to which a suitably
placed observer could learn something about X by consulting it.
Following Dretske, we focus on claims of the form ‘a’s being F carries the
information that b is G’. From the point of view of semiotics, which has been used
in developing a science for information systems (Liu, 2000; Stamper, 1997), we
say that one signal – a’s being F carries information about a state of affairs – b is
G. Relevant to this, Dretske establishes the following definitions:
Definition 1. Let k be prior knowledge about a specific information source, r being
F carries the information that s is G if and only if the conditional probability of s
being G given that r is F is 1 (and less than 1 given k alone).
Following above definition, we proposed our first basic notion called ‘data bears
information’ in Feng, 1999, which is now re-illustrated in Figure 1.

Figure 1 Changes (e.g., simplification) on information level and data level
This diagram indicates that a representation/signal will be considered to
represent/carry part of information existing in the real world. When the source of
information, namely that part of real world, is changed, a new representation/signal
could be used to replace the old one. For example, in the database area, we could
use ER diagrams to design a conceptual representation for a university (a part of
real world). With the modification made on the information requirements of the
university’s information systems, the representation used to bear the information
source, namely ER diagrams in this case, would be rearranged accordingly.
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Furthermore, for the purpose of making an important difference in the way
information can be encoded in a signal or structure, Dretske proposed to use analog
vs. digital – in a slightly unorthodox way (1981, pp.136-7).
Definition 2. A signal carries the information that s is F in digital form if and only
the signal carries no additional information about s, no information that is not
already nested in s’s being F.
Definition 3. If the signal does carry additional information about s, information
that is not nested in s’s being F, the signal carries this information in analog form.
Every signal carries information in both analog and digital form. The most specific
piece of information that the signal carries (about s) is the only piece of information
it carries (about s) in digital form. All other information (about s) is coded in analog
form.
Consider a picture and a statement. Suppose a cup has coffee in it, and a statement
‘The cup has coffee in it’ is used as a signal to communicate this piece of
information that the cup has coffee in it in digital form. No more specific
information is supplied about the cup than there is some coffee in the cup. You are
not told how much coffee there is in the cup, how large the cup is, and so on. If, on
the other hand, a photograph of this scene is shown to you, the information that the
cup has coffee in it is conveyed in analog form. The picture tells you that there is
some coffee in the cup by telling you, roughly, how much coffee is in the cup, the
shape and the size of the cup, and so on.
Therefore, to describe a process in which a piece of information is converted from
analog to digital is to describe a process that necessarily involves the loss of
information. Information is lost because we pass from a structure of greater
information content to one of lesser information content. Analog to digital
conversion is a process in which irrelevant pieces of information are pruned away
and discarded. In a data integration system, with regard to the specification of the
mapping between the global schema and the sources, either global-as-view (GAV)
approach or local-as-view (LAV) approach requires an information-preserving
mapping. Here the information, we observe, is in digital form. We believe that
formulating the information contents of diverse data sources and the mappings
between them would be beneficial.
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Devlin’s ‘infon’ Theory
Devlin (1991) formulates a mechanism for information to flow based upon the
Situation theory (Barwise and Perry, 1983), whereby he explains how a receiver
receives information. His logic is based on information rather than truth (such as
classical logic) and at the very least capable of handling various kinds of
informational transfer (Devlin, 1991, p.12). He aims to define information as a
mathematical concept that can form the basis of a scientific study. To this end, he
uses Dretske’s idea to obtain the kind of precisely defined conceptualization of
information, namely information in analog form and digital form.
Devlin defines one of the basic concepts in his theory, namely ‘infon’. An infon is
a digitalization of information, and a mathematical entity. It corresponds to the way
things are in the world as a human agent perceives them. For example, it is
perceived by someone that Jim sees a player Alfredo Morelos in a football match
between Rangers and Celtic at the Ibrox football stadium in Glasgow on the 24th
of July 2019, which can be formalised as an infon.
Definition 4. An infon is denoted as <P, a1, …, an, l, t, i>, where
1.
2.
3.
4.
5.

P is an n-place relation (where n is a natural number);
a1, …, an are objects appropriate for the respective argument places of P;
l is a spatial location;
t is a temporal location;
i is the polarity of the infon and equal to 0 or 1.

The above expression means that individuals a1, …, an have (when i=1) or do not
have (when i=0) a relationship P, at spatial location l and temporal location t. For
the above example, we would write
<sees, Jim, Alfredo Morelos, Ibrox football stadium in Glasgow, the 24th of July
2019, 1>
in which
1.
P is a 2-place relation: ‘sees’;
2.
a1 and an: Jim and Alfredo Morelos, which are appropriate for the argument
places of ‘sees’;
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3.
4.
5.

l: Ibrox football stadium in Glasgow;
t: the 24th of July 2019;
i: 1, meaning that Jim sees the football match.

We will use a letter like σ or υ to denote an infon. For example,
σ = <P, a1, …, an, l, t, i>.
For the infon above, we may write
σ1 = <sees, Jim, Alfredo Morelos, Ibrox football stadium in Glasgow, the 24th of
July 2019, 1>
An infon may include parameters, and if so, such an infon is called a parametric
infon. In a parametric infon, there is at least one occurrence of a parameter, and a
parameter refers to an arbitrary individual of some type and is a ‘representative’
for an object. For example, if we replace ‘the 24th of July 2019’ in infon σ1 with a
parameter t, then we would have a parametric infon:
σ2 = <sees, Jim, Alfredo Morelos, Ibrox football stadium in Glasgow, t, 1>
Infons, which is short for parametric infons, are the basic ‘informational units’
(Devlin, 1991, p.97). Assigning value to parameter is a mechanism called
anchoring function. Parameter-free infons (or ‘states of affairs’) are the basic items
of information.
An infon is only true in a certain context, a real situation. A real situation is just a
structured part of reality individuated by a human agent, for example, last night’s
dinner party, a football match, a company, etc. Let s be a situation, and given an
infon σ, we shall need to consider whether it is a fact that σ is ‘made true by’ s. For
example, the football match between Rangers and Celtic on the 24th of July 2019
is a real situation and it makes the above infon σ1 true. If we denote this real
situation with s1, then we would write s1 ⊨ σ1 to means that σ1 is true in the context
of s1.
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Definition 5. Given an infon, σ, it is a fact of the world that the relation s ⊨ σ either
holds or does not hold. If I is a set of infons and s is a situation, s ⊨ I if s ⊨ σ for
every infon σ in I.
For example, let σ3 = <sees, Jim, Jermain Colin Defoe, Ibrox football stadium in
Glasgow, the 24th of July 2019, 1>, then s1 ⊨ I where I = {σ1, σ3}.
Definition 6. An abstract situation consists of a set of infons. It is a mathematical
construct built out of relations, individuals, and locations.
Situations (either real or abstract) may be static, involving either just one spatial
location or a number of contemporary spatial locations, or they may be dynamic,
possible spread over a time-sequence of locations. An example of an abstract
situation would be:
s = {<lecturing, Jim, l, t, 1>, <listening-to, Malcolm, Jim, l, t, 0>}
in which two infons constitute an abstract situation s, and it defines a situation
where Jim is lecturing but Malcolm is not there.
Information flow is made possible by a network of abstract linkages (called
constraints, and more on this shortly) between higher-order uniformities known as
types. The constraints that link types are themselves uniformities, which are
regularities in the world that an agent can either cognitively individuate or else
behaviourally discriminate. In Devlin, 1991, pp.51-2, a set of basic types are:
TIM: the type of a temporal location, e.g., the 24th of July 2019
LOC: the type of a spatial location, e.g., Ibrox football stadium in Glasgow
IND: the type of an individual, e.g., Jermain Colin Defoe
RELn: the type of an n-place relation, e.g., sees
SIT: the type of a situation, e.g., a football match
INF: the type of an infon, e.g., σ3 above
TYP: the type of a type, which is the type for every type. For example, LOC is of
type TYP
PAR: the type of a parameter, e.g., t in σ3 above is a parameter
POL: the type of a polarity (i.e., the ‘truth values’ 0 and 1).
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Definition 7. Given a SIT-parameter, ċ, and a set, I, of infons, there is a
corresponding situation-type
[ċ | ċ⊨ I]
the type of situation in which the conditions in I obtain.
For example,
[ SIT1 | SIT1 ⊨ <running, ė, LOC1, TIM1, 1>]

(where ė is a parameter for a person) denotes the type of situation in which someone
is running at some location and at some time.
As said earlier, information flow is made possible by a network of abstract linkages
(called constraints) between situation types. For example, we may use a constraint
to formulate that wherever there is smoke there is fire like this (following Devlin,
1991, p.95):
Let S0 be a situation type of ‘there is smoke’: S0 = [ SIT0 | SIT0 ⊨ <smoke-present,
LOC1, TIM1, 1>], and let S1 be a situation type of ‘there is fire’: S1 = [ SIT1 |
SIT1 ⊨ <fire-present, LOC1, TIM1, 1>], then we have the constraint:
S0 → S1

Definition 8. Each relation has a collection of argument roles – ‘slots’ into which
appropriate objects or parameters can be filled.
For example, we have an utterance of
Jim sold a car.
It includes three uniformities: the individual Jim, a certain car, and the relation of
selling. To denote argument roles in this case, we write it like this:
<takes | seller: P, object-sold: K>
where P is the type of all individuals that are capable of selling things and K is the
type of all sellable objects. Some other argument roles maybe left unfilled, such as
the location at which the selling takes place.
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4 The SBR Framework
In database development, ER diagrams are often used as the conceptual design of
a database. It is not trivial to construct an ER diagram for a real-word database
development project. With an informational perspective, an ER diagram is an
information-bearing signal, which carries information about part of the real world.
Human agents receive information about the part of the real world by consulting
the ER diagram. These appear to be a coherent whole, and therefore, we believe
that information systems in general, and the notion of information content of
information systems in particular, could be or even should be approached with a
holistic approach of systems (Stowell and Welch, 2012, p.4). Stowell and Welch
(ibid. p.233) defines systems as follows:
A system is a set of interconnected parts that, for us, seem to form a meaningful
whole which we can name and draw a boundary around it – it is something which,
taken together, has meaning for us.
Maturana and Varela (1992, p.74) say that ‘Organization denotes those relations
that must exist between the components of a system for it to be a member of a
specific class’.
For information systems, we can see three parts, namely some information Source,
at least one information Bearer and some information Receiver (SBR for short),
which are interconnected through the informational relationship between them –
some information flows from one part to another. There parts constitute a system,
which we call the SBR framework as illustrated in Figure 2.
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Figure 2 The SBR Framework

As illustrated in Figure 2, some information is created due to reduction in
uncertainty following Shannon (Shannon and Weaver, 1949) and Dretske (1981,
p.4), for example, the tree happens to be 80 years old, rather than that it is possible
that the tree is 40 years old or 80 years old among many other possibilities, so the
tree is an information source. This information can be carried by an information
bearer, the rings on the tree stump in this case, due to the relationship between the
number of rings and the age of the tree, and such a relationship is based upon some
‘nomic dependencies’ (Dretske,1981, pp.74-5). An information bearer provides an
opportunity for an information receiver, for example, a human agent, to receive
information about the information source. By consulting an information bearer, an
information receiver can acquire information (illustrated by dotted line in Figure
2) if the receiver is aware of and attuned to some constraints (Devlin, 1991, p.15),
which formulates the dependency and therefore the informational relationship
between the bearer and the source. For this example, the constraint would be a
linkage between a situation type concerning the number of rings on a tree stump
and a situation type concerning the age of the tree. That is, without using the infon
notation,
‘Number of rings’ type → ‘Age of tree’ type
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In the field of databases, the part of the real world with which the database is
concerned is the information source as reduction in uncertainty takes place in it, for
example, a university. The academic programmes and courses in the university
happen to be what they are (i.e., they are contingently true) can be seen as some
reduction in uncertainty from many possibilities. The ER diagram for the database
would be an information bearer as the entities and relationships in the diagram are
capable of telling us truly what the academic programmes and courses happen to
be. The users of the ER diagram, be it a database developer or a database user,
would be the information receiver as they would learn something true about the
academic programmes and courses by reading the ER diagram. This is achieved by
the user being aware of and attuned to some constraints that link the constructs of
the ER diagram and objects in the university, for example,
‘The Name of an Entity Programme’ type → ‘An Academic Programme’ type
We believe that the SBR framework sheds some light on the nature of information
systems development and informs the database development process. We start this
process with information requirements collection and analysis. This is a matter of
identifying and formulating the information that the information receiver R is to
receive. Information requirements are normally concerned with a specific domain
of the real world, and it is necessary to develop some appreciation of the domain.
For this, many writers advocate a soft systems approach, such as (Checkland, 1981;
Checkland and Holwell, 1998; Stowell and West, 1994). We combine this approach
and semantic theories of information to have elaborated the ‘conceptual model’ for
a ‘notional system’ by means of identifying and formulating relevant ‘situation
types’ in Feng, 1999. This is an investigation of the information source S of the
SBR. Then the information requirements are subsequently satisfied by the
‘informational units’ in the ‘data storage situation type’ and the ‘basis situation
type’, and thus we specify the B of the SBR. For details of these topics, interested
readers are referred to that paper (ibid.).
The theories described in the previous section, namely Dretske’s Semantic Theory
of Information (1981) and Devlin’s ‘infon’ Theory (1991) inform the construction
of the SBR framework, especially the following elements, which we summarise
here. Dretske takes Shannon’s (Shannon and Weaver, 1949) insight that
information is created due to reduction in uncertainty, thus we have the notion of
information source S. It is somewhere in which there is uncertainty and then
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somehow the uncertainty is reduced. Two information sources may be somehow
linked in that the reduction in uncertainty of one is affected by the other. Dretske
formalises this as the change of probability distribution of one information sources
due the existence of the other, and this is the essence of so called the informational
relationship between two information sources. A special case of the informational
relationship is that the reduction in uncertainty at one information source is
accounted for by that at another information source, and therefore the former
carries the information about the latter. We call the former an information bearer
of the latter. Thus, we have the notion of information bearer B. Devlin’s concept
of ‘constraints’ helps us formulate the relationship between S and B. Furthermore,
Devlin’s idea that an agent is aware of and attuned to a relevant constraint whereby
to receive information about S through observing B enables us to have the
information receiver R, and how R links with S through B. Moreover, B carries
information about S in an analogue form, and R receives information about S by
consulting B through a process of digitalisation through which much information
is lost. In addition, a general assumption under which the SBR framework is
constructed is that the existence of information is independent of its interpreters or
receivers (Dretske,1981, p.vii). Once constructed, the SBR framework enables us
to look at information flow and information systems from an information
theoretical perspective.
In this paper, we concentrate on exploring the notion of information content of
information systems, and consider issues on how to formulate, map, and integrate
information content of conceptual schemata to show how our approach may be
applied. In a case of information integration, we would normally face a collection
of heterogeneous data sources, the conceptualisation of which can be in the form
of ER diagrams. Therefore, in a task of information integration, some agents (i.e.,
knowledge engineers, database designers, system users, etc) will be involved to
analyze those information bearers (probably with some knowledge of the domain
or the help from some design documents) in order to generate mappings and build
a global schema if required. We will show our work thus far on this problem in
section 6.
The SBR framework enables us to approach the notion of information content of
information systems, which would therefore be ‘all that the system can tell us truly
about the real world, that is, all that, which is contingently true, a suitably placed
observer could learn about something in the real world by consulting the system’.
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Furthermore, what the system can tell is only contingently true and not necessarily
true. Mathematically, the probability of it is between 0 and 1. This follows the wellknown theory by Shannon (Shannon and Weaver, 1949).
We believe that our approach is not unlike some known conceptualization for
information systems, such as the ‘infological equation’ formulated by Börje
Langefors, which describes the difference between data and information as
follows:
I = i(D, S, t)
This is a mathematical expression for the observation, that the information ‘I’
communicated by a set of data to humans in an information system is a function ‘i’
of the data ‘D’, the semantic background ‘S’, and the time interval ‘t’ of the
communication (Langefors, 1973). Here the ‘D’ corresponds to our ‘B’ the
information bearer, the ‘S’ to the background of an instance of the SBR taking
place, and the function ‘i’ may be seen achieved by the cognitive agent’s being
aware of and attuned to some constraint that links the ‘D’ and the ‘I’ in this the
‘infological equation’. Therefore, our framework seems to fit with this equation,
even though it is not informed directly by the equation.
Another issue related to our discussion is meaning. We agree with Dretske that the
confusion of information with meaning is not helpful. ‘Meaning, and the
constellation of mental attitudes that exabit it, are manufactured products. The raw
material is information.’ (Dretske,1981, p.vii). Here we show how our framework
may help look at how meaning is produced. Weick observes: ‘Frames tend to be
past moments of socialization and cues tend to be present moments of experience’,
and ‘The combination of a past moment + connection + present moment of
experience creates a meaningful definition of the present situation’. Thus, we have
the conclusion: ‘If a person can construct a relation between these two moments,
meaning is created’ (Weick, 1995, p.111). Our SBR framework may help shed
some light on this process. We may take Weick’s frames as patterns of past
moments of socialization and they correspond to the ‘constraints’ in our SBR, and
the cues that are present moments of experience are some ‘real situation’ in which
the parameters of the situation types in the constraint are ‘anchored’ to individual
objects, and thus certain information in the form of parameter-free infons is
generated and can be obtained by a human agent. This information helps the agent
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to make sense of the present situation, and therefore meaning is created for the
agent.
Mingers (1995) suggests that meaning has three levels. The first level is the primary
meaning, which is the semantic content of a sign or a linguistic message, that is, it
is the digitalized information without its analogue nesting, and it is obtained by a
human agent through the digitalization of the information that is carried by a signal.
Our SBR framework can be applied here too. Our B would the sign or the linguistic
message, then its semantic content could be formulated as some situation type,
which would be part of our S. For example, the utterance of ‘Jim sold a car’ would
have the semantic content S1 = [ SIT1 | SIT1 ⊨ <sold, Jim, Car, t1, l1, 1>]. A
listener who hears this utterance would be our R, who would obtain the information
by digitalizing the information that is carried by the utterance.
An information system may be seen having two parts in terms of what carries
information: one is the persistent data storage such a database, and the other
anything that holds nonpersistent data such as variables of various types,
parameters in stored procedures and functions, views and external tables. The
information content of either can be formulated by using various means, one of
which is situation types that enable certain parametric infons to hold. In the section
that follows, we show how this can be done for the conceptual model, in the form
of ER diagrams, of a database.

5 The Information Content of an ER Diagram
Following Dretske and Devlin and under our SBR framework, we now propose an
approach to defining and formulating the information content of an ER diagram.
Our interest here is with the information that agents can pick up about situations in
the world. Devlin takes an assumption that every n-place relation for an infon has
a fixed number of argument places that cover all the possible arguments the relation
has (in any usage), including location and time arguments where appropriate
(Devlin, 1991, p.115). This suits our approach because the data sources (databases)
that we investigate have a finite number of data constructs, namely, entity types,
relationship types, attributes, and data constraints.
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Intuitively, the information content of an ER diagram consists of items of
information about a specific information source (e.g., a university), as opposed to
any other information that the diagram might convey, such as the actual size of a
symbol in the diagram and the meaning of the language used for annotating the
diagram. Furthermore, in formulating the information content of an ER, we assume
that what the ER diagram tells us, i.e., the propositional meaning, namely the
semantic content of the ER diagram, is contingently true. We believe that this is a
common tacit assumption in database design. The propositional meaning of the ER
diagram is therefore the core of the information content of the ER diagram. The
whole information content of the ER diagram would be all the contingently true
states of affairs that are implied by the core. Due to ‘information nesting’ as defined
by Dretske: ‘The information that t is G is nested in s’s being F = s’s being F carries
the information that t is G’ (1981, p.71), the whole information content of an ER
diagram normally cannot be exhaustively identified. There is no need to do so
either because as long as the information that is required is within its information
content, the ER diagram is effective. In the rest of the paper, we concentrate on the
formulation of the core of the information content of ER diagrams.
Definition 9. Given S - an ER diagram, Given S - an ER diagram, we define e ∈
IND, a ∈ IND, and r ∈ RELn, if e ∈ E, a ∈ A, and r ∈ R
where
1.
IND is the type of an individual
2.
RELn is the type of an n-place relation
3.
E is a complete set of entity types and e is an entity
4.
A is a complete set of attribute types and a is an attribute type
5.
R is a complete set of relationship types and r is a relationship
All these can appear in S.
Definition 10. Given S - an ER diagram, and k - what agents know about the
information source (a domain of application), l - a parameter for the type (LOC) of
a spatial location (a database), t - a parameter for the type (TIM) of a temporal
location (it is the time when the database, say D, is looked at and S is analysed),
the information content of S, is a tuple I = (I(E), I(R), I(E→R), IND, RELn, f, LOC,
TIM) where
1. I(E) denotes the core of the information content of a finite set of entity types
in S and
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I(E) = [s1 | s1 ⊨ (∀ė∈ E) <Having_attributes, ė, a1, a2, …, an, l, t, 1>]

where s1 is a parameter for a situation of the basic type SIT, ė is a parameter for an
entity, ‘Having_attributes’ is an n-place relation of the type RELn, and a1, a2, …, an
∈ A.
The above expression means that the information content of the entities in the ER
diagram S is now formulated as a ‘situation type’ (Devlin, 1991, p.59) in which
there is a parametric infon <Having_attributes, ė, a1, a2, …, an, l, t, 1>], and
furthermore, for any entity instance the conditions for the infon obtain, which then
becomes a parameter-free infon (i.e., an item of information). We use this
expression to formulate the intuitive understanding that the set of entity types in an
ER diagram captures all entity instances that satisfy what the ER diagram specifies
such as the attributes that an entity has and the relationships with other entities that
the entity holds. Notice that this idea applies to all the definitions concerning
information content in the rest of the paper.
2. I(R) denotes the core of the information content of a finite set of relationship
types in S and
I(R) = [s2 | s2 ⊨ (∀ċ ∈ R) <Having_attributes, ċ, a1, a2, …, an, l, t, 1>]

where s2 is a parameter for a situation of the basic type SIT, ċ is a parameter for a
relationship, ‘Having_attributes’ is an n-place relation of the type RELn, and a1, a2,
…, an ∈ A.
3. I(E→R) denotes the core of the information content of a finite set of
combinations of a relationship type and related entities in S and
I(E→R) = [s3 | s3 ⊨ (∃ċ ∈ R) <ċ, e1, e2, …, en, l, t, 1>]

where s3 is a parameter for a situation of the basic type SIT, ċ is a parameter for
some relationship, and e1, e2, …, en ∈ E.
4. f is the anchoring function, which assigns to each relation its values for the
parameters.
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Distinguished from those approaches discussed in Section 2, the concepts that are
used in our expressions are not a syntactic or semantic object but are informational
objects. They refer to part of reality, a real situation.

Name

DepNo
Gender

SSN
Employee

Location

Address

1:m

Name

1:1
Works_For

0:n

Department
1:n

Salary
Controls
Works_On
1:m

Hours

1:1

Name

Project

ProNo

Location

Figure 3 Example of an ER Diagram S

We shall now use an example to illustrate Definition 10. Figure 3 shows a simple
ER diagram S. We assume that it was designed for some organization’s database
D at some time T in the past. The core of the information content of S includes:
I(Employee) = [s1 | s1 ⊨ <Having_attributes, Employee, SSN, Name, Gender,
Address, Salary, D, T, 1>];
I(Works_On) = [s2 | s2 ⊨ <Having_attributes, Employee, Project, Works_On,
Hours, D, T, 1>];
I(E→R) = [s3 | s3 ⊨ <Controls, Department, Project, D, T, 1>];
…
If I(Employee) is anchored in a real situation to a person named ‘John’ and all those
known values of his attributes, we will have a parameter free infon like this:
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<Having_attributes, Employee_JS012, JS012, John, Male, 25 High St Glasgow,
£35000, D, T, 1>
where ‘Employee_JS012’ is a combination of the entity type’s name and the value
of its primary key.
As discussed in section 3, an infon could be parameter-free or parametric, in the
above we use these two constructs to capture and formulate the information content
of a database on the type level or the instance level. Furthermore, the fact that a
particular employee works on a certain project is captured by the use of the same
parameter Employee in both types I(Employee) and I(Works_On), and the same
parameter Project in both types I(Works_On) and I(E→R). Thus, the parameters
play a significant role by providing a means of representing linkages between two
situation types, which, in an ER diagram, are linkages between different elements
of its information content.
In addition, constructs in ER diagrams, such like ‘Is-A’ relationship, ‘Ordinality’
and ‘Cardinality’, domain, and attribute, can also be captured this way. Below we
give another example taken from a live information system at one of our
universities, an ER diagram as part of its conceptual design, in which we only show
entities and relationships omitting attributes.

Figure 4 an ER Diagram as Part of a Live IS
98

Systemist, Vol. 41 (1), September 2020

The ER diagram in its simplified form (i.e., no attribute is included) shown in
Figure 4 is part of the backend database of a system at the Beijing Union University
in China that is concerned with course management. The real-world objects in
question are academics, courses, resources for courses, the deliveries of a course,
and students who choose and participate in the delivery of a course. The real-world
facts are: ‘an academic designs a course’, ‘a course is supported by various
resources such as texts and software’, ‘a course is delivered more than once’, ‘a
student chooses a course delivery’, and ‘an academic supervises a student’. The
core of the information content of the ER diagram includes all of them, which is
shown below:
I(Designs) = [s4 | s4 ⊨ <Designs, Academic, Course, L4, T4, 1>];
I(Supports) = [s5 | s5 ⊨ <Supports, Course_Resource, Course, L5, T5, 1>];
I(Is_delivered) = [s6 | s6 ⊨ < Is_delivered_as, Course, Course_Delivery, L6, T6,
1>];
I(Chooses) = [s7 | s7 ⊨ <Chooses, Student, Course_Delivery, L7, T7, 1>];
I(Supervises) = [s8 | s8 ⊨ <Designs, Academic, Course, L8, T8, 1>];
Note that all parameters for location and time are numbered differently in order to
show that they are independent of one another.

6 Information Content Mapping
The definition of the information content of an ER diagram and the method to
define it under the SBR framework that were described in the previous section help
information content mapping. In this section, we will briefly introduce an approach
to mapping information content between diverse ER diagrams as an application of
our ideas presented in this paper. We use the construct called argument role
(Devlin, 1991, p.116), which was discussed earlier in Definition 8 of Section 3, to
generate mappings. Each n-place relation of an infon has a fixed collection of
‘slots’ into which appropriate objects can be placed, and these slots are called
argument roles. Here is another example - we can specify the selling relation like
this:
<sells | seller, buyer, object-sold, price, location, time>
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in which seller, buyer etc. are argument roles.
Definition 11 (Information content mapping). let Φ(s) and Γ(T) be the information
contents of two ER diagrams S and T respectively, and let ω be a situation type in
which argument roles are specified, for information units σ ∈ Φ(s) and υ ∈ Γ(T)
σ → ω, υ → ω ⊨ σ = IC-M (υ) and υ = IC-M (σ)

where ‘→’ means ‘can be generalised to’ and IC-M is an information content
mapping function.
This definition says that if two situation types both can be generalised to one that
has argument roles specified then the first two situation types map to each other.
Generation of a Common-Role Table
To facilitate the identification of the ‘‘can be generalised to’ relationships between
situation types, we construct a so-called Common-Role table for the situation types
that formulate the information content of diverse ER diagrams.
We use the following expression to denote a tuple in a Common-Role table:
<Role, Concept, DATABASE>.
Figure 5 shows two simple ER diagrams from two different data sources, Database
A and Database B.
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Then, we may have a Common-Role table displayed in Figure 6.

Role
Company_Person
Company_Person
Workplace
Workplace
Employeed_By
Employeed_By
Company_Person_Gender
_Gender
Company_Person_Gender
_Gender
etc.

Concept
Employee
Staff
Department
Dept
Works_For
Belongs_To
Gender

DATABASE
Database A
Database B
Database A
Database B
Database A
Database B
Database A

Sex

Database B

Figure 6 A Common-Role Table

Generation of Information Content Mapping
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Following Definition 11 and using the definition of argument role, mappings
between the situation types in the information contents of different databases (in
our case, the databases are represented by ER diagrams), can be generated.
Take Figure 5 as an example. A situation type, σ ∈ Φ(A) where Φ(A) is the
information content of Database A, can be denoted like this:
σ = [s1 | s1 ⊨ <Works_For, Employee, Department A, 1>].

According to the definition of argument role and ‘Role’ given in Figure 5, we rewrite the above expression like this:
σ’ = [s1 | s1 ⊨ <Employeed_By:Works_For, Company_Person:Employee,
Workplace:Department, A, 1>].
In the same way, we shall have another situation type, υ ∈ Γ(B) where Γ(B) is the
information content of Database B, which can be denoted like this when argument
roles are considered:
υ’ = [s2 | s2 ⊨ <Employeed_By:Belongs_To, Company_Person:Staff,
Workplace:Dept, B, 1>].
Now, we can easily find out that both σ’ and υ’ can be generalised into the situation
type ω:
ω = <REL2:Employeed_By, IND:Company_Person, IND:Workplace, 1>.
Hereby, by Definition 11, we have
 σ = IC-M (υ) and
 υ = IC-M (σ)
The above shows how relationships are mapped. In a similar way, entities can be
mapped also. For example,
σ1’ = [s11 | s11 ⊨ < Company_Person_Details:Employee_Details,
Company_Person_Name:Employee_name,
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Company_Person_SSN:Employee_SSN,Company_Person_Gender:
Employee_Gender, Company_Person_Address: Employee_Address, A, 1>].
υ1’ = [s21 | s21 ⊨ <Company_Person_Details:Staff_Details,
Company_Person_Name:Staff_name, Company_Person_SSN: Staff_SSN,
Company_Person_Gender: Staff_Sex, Company_Person_Address:
Staff_Address, B, 1>].
As we did for the relationships, we can generalise both σ1’ and υ1’ into the situation
type ω1:
ω1 = <REL4: Company_Person_Details, IND: Company_Person_Name, IND:
Company_Person_SSN, IND: Company_Person_Gender, IND:
Company_Person_Address, 1>.
And again, by Definition 11, we have
 σ1 = IC-M (υ1) and
 υ1 = IC-M (σ1)

7 Conclusions and Future Work
In this paper, we have presented an approach to exploring and formulating the
notion of ‘information content’ of an information system from a particular
information-theoretic perspective. We draw on qualitative information theories
including Dretske’s semantic theory of information, Devlin’s ‘infon’ theory and
the information flow channel theory, and then put forward a framework consisting
of information sources, bearers, and receivers. Under this framework, we described
how the information content of an ER diagram may be formulated. We then applied
these ideas to exploring relationships between different ER diagrams by showing
how their information contents may be mapped to each other. Once the information
content of every single ER diagram has been discovered and formulated, and
information content mappings between ER diagrams have been generated, it can
be exploited by the users for posing queries and building a knowledge base together
with information-content inference rules, which we described in Feng and Hu,
2002. We can conclude that our work presented here is an attempt to find out
whether the qualitative information theories that we follow are useful for exploring
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the notion of information content for information systems, and we find that they
are enlightening and helpful.
We have shown that the SBR framework plays a pivotal role in our approach. We
now summarise how the framework has helped and may further help understand
information systems. First, the framework serves as an information-theoretic
perspective to explore and then define the notion of information content of
information systems, and particularly it enables us to identify and then formulate
the information content of an ER diagram, which makes sense within the
framework. Second, the framework can be seen as a particular systemic view for
information systems, centred on the notions of information and information flow.
Third, arguably this systemic view would help reveal the essence of information
systems and that of the process of their development. Fourth and finally, the
perspective and ideas embodied by the framework seem to be able to provide
information system develop methodologies with some underpinning within which
we have shown how it underpins database design.
We will continue with this line of the work by looking at other representations of
data, such as object-oriented (O-O) schemata, relational schemata, and semistructured data (e.g., XML). We will also explore other streams of information
theories including Maturana and Varela’s way of thinking about information
(1992), which seems to put a far greater emphasis on the role that human beings
play in approaching the concept of information. Our goal of this line of work is to
develop an approach to adequately exploring and formulating the information
content of an information system.
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Abstract
Research suggests that Traditional Chinese Medicine (TCM) Qigong practice
leads to stress reduction, emotion regulation and enhanced immune function. This
paper presents a feasibility study of impact of a Lung Benefiting and Strengthening
Qigong Exercise (健肺复原导引法) on wellbeing. A wellbeing model grounded in
autopoietic theory of self-organisation in living systems is used to inform the
evaluation of impact and ensure reliability of the data. More specifically, data
quality is enhanced by focusing the participants’ awareness on their immediate
embodied experience of physical, emotional and relational wellbeing, sense of
meaning, kindness, valence and activation. Statistically significant differences for
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physical wellbeing with a large effect size (p=0.001, r= 0.645), emotional
wellbeing with a large effect size (p=0.003, r= 0.598), sense of connection with a
large effect size (p=0.007, r= 0.525), sense of meaning with a medium effect size
(p=0.013, r=0.475), kindness with a medium effect size (p=0.019, r=0.441),
valence with a large effect size (p=0.002, r=0.600), and a decrease in activation
with a medium effect size (p=0.020, r=−0.436), were observed. It is concluded
that TCM Qigong exercise may lead to positive relaxation or activation states or
indeed to positive mood change that may have health benefits.
Keywords: qigong, wellbeing, self-awareness, autopoiesis, valence, activation,
pyramid-K
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Introduction
The feasibility study was conducted during the Covid-19 pandemic. A Lung
Benefiting and Strengthening Qigong Exercise (健肺复原导引法) was offered live
online through the Confucius Institute in collaboration with the Jiangxi University
of Traditional Chinese Medicine (JUTCM), and the University of Wales
Trinity Saint David as part of a series of Qigong sessions during the time of the
pandemic. The Qigong practice was delivered by an experienced TCM and Qigong
practitioner from Jiangxi University of Traditional Chinese Medicine (JUTCM).
The impact was assessed by the Northumbria University Wellbeing Informatics
team, with the permission of the Confucius Institute at the University of Wales
Trinity Saint David. Ethics approval was granted by Northumbria University,
Newcastle, UK.
The objectives of the study were twofold: - develop a method for assessing impact
grounded in self-awareness suited to evaluating first person accounts of wellbeing;
- apply the method to evaluate the impact of Qigong practice on wellbeing, valence
and activation after the intervention, i.e. the Qigong exercise.
TCM Qigong
Qigong originated in China as a means of self-care, i.e. according to the first
historical record in China “Shang Shu,” 4,000 years ago (Feng et al, 2020). The
word Qigong consists of two Chinese characters: Qi and Gong. Qi is often
translated to mean life energy, and Gong as work, and also merit (Cohen 1999).
The word Qigong in this translation means working with life energy as well as the
benefits one has as an outcome of Qigong practice (Cohen, 1999). Cohen (1999)
suggests that a good Western definition of Qigong would refer to Qigong as a
psychophysiological self-regulation (Cohen, 1999).
The above definitions are generally accepted by Western Qigong practitioners, but
would benefit from a more accurate articulation of the meaning of Qi as the one
offered by the Centre for TCM Qigong Health Studies at the Jiangxi University of
Traditional Chinese Medicine (JUTCM):
‘The Qi of Nature 大自然的气 is invisible and the most basic form of matter
which constitutes the universe and all material things. The Qi of the body人身中
的气 is kind of invisible and special substance which maintains normal human life
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activities. Human life activity is the process of interaction and transformation
between the Qi of the body and of nature.
TCM Qigong is based on the view of that the entirety of life may be integrated
through using active introspective consciousness to exercise, transform, perfect
and improve the life functions, and to make natural instinct into conscious
intelligence.
The human life is a unified whole. Humans and nature are a holistic unity.
The objective of TCM Qigong practice is to transform, perfect and improve the
functions of life.’
TCM Qigong Health Studies at the Jiangxi University of Traditional Chinese
Medicine, 2020)
Research suggests that Qigong has the potential to play a role in reducing stress,
emotion regulation and improvement of immune system and thus has the potential
for the prevention, treatment, and rehabilitation of infections, such as COVID-19
(Pölönen et al, 2019; Wu et al, 2019).
TCM Qigong can reduce both inflammatory factors and inflammatory response and
can increase the amount or activity of immune cells in the body (Irwin et al, 2012;
Yeh et al, 2006). The effect of Qigong on specific immune response can be
observed in the increase of immune cells and immunoglobulin (Chiang et al, 2010).
Wright et al (2011) found that in swimmers who practiced Qigong at least once per
week, cold and flu symptoms showed a significant nonlinear association with
frequency of Qigong practice, with a strong, inverse relationship between practice
frequency and symptom scores.
It is outside of the scope of this paper to provide a full review of research on Qigong
benefits. The reader could refer to Feng (2020) for a comprehensive review of
Qigong practice benefits.
Autopoiesis and Wellbeing
This theory of autopoiesis defines and describes the dynamics of living as an
autopoietic system, i.e. a network of processes of production of components that:
(i) through their interaction and transformations continuously regenerate the
network of processes that produced them; and, (ii) constitute the entity as a concrete
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by specifying the topological domain of its realisation as such a network (Maturana
and Varela, 1980).
Autopoiesis is basic to the living individual. What happens to the individual is
subservient to its autopoietic organisation, for as long as it exists the autopoietic
organisation remains invariant. What this means, is that its identity, and therefore
its emergent global properties, are generated through a process of self-organisation,
within its network of components. However, we must also realise that this process
of self-organisation is conditioned by a two-way process of local-to-global and
global-to-local causation (Figure 1).

Figure 1. The Mutual Embeddedness of Component Dynamics, Autopoietic Human
Entity
and
its
Environment
(image
of
uroboros
from
http://www.enolagaia.com/UMUArchive/AT.html; image of human form from
http:// http://www.biofieldglobal.org/)
First, there is the local-to-global determination (‘upward’ causation) through which
the entity, with its properties, emerges. Secondly, however, there is global-to-local
determination (‘downward’ causation), where global characteristics constrain or
direct local interactions between the components (Varela, 1996; Varela, 1997).
Thus, the internal dynamics of the components (neuronal nets, metabolic nets and
so on) generate and sustain the global properties of the autopoietic entity. At the
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same time, however, the global properties (body, consciousness, mind, emotion,
and so on) constrain and govern the behaviour of the individual components. This
dialectic relationship between local and global levels is described in autopoietic
theory as ‘reciprocal causality’ (Whitaker, 1985; Varela, 1996, Varela 1997; Sice
et al., 2004). For example, in organisms with a nervous system, the rules of
interactions within the neuronal network are in reciprocal relationship with the
overall activity of the autopoietic entity. To a very large extent, behaviour is a
regulator of perception. That is to say, what the organism senses is a function of
how it behaves, and how it behaves is a function of what it senses. ‘Situated
behaviour’, thus, takes the form of coupling with the environment; where
environmental perturbations trigger changes in the entity but do not determine
them, because changes in autopoietic systems (and indeed in autonomous systems)
are necessarily subservient to conservation of organisation (identity). As observers
we are in a position to distinguish the structure of an autonomous system and the
structure of the environment and observe them both changing in their mutual
interaction. The important thing is that both the system and the environment
undergo transformations through the process of coupling, referred to as ‘structural
coupling’, and these transformations are determined by the structure of the
transformed entity and not by the perturbation (Maturana and Varela, 1980; Sice et
al., 2004). In autopoietic entities with a nervous system, the coupling with the
environment constrains and governs the neural dynamics. Thus, it is clear that the
mode of coupling with the environment has two complementary dimensions: first,
the living entity depends on its environment and defines itself through the
interactions with that environment (these interactions are of the nature of macrophysical encounters such as sensory transduction or muscle movements). Secondly,
yet no less importantly, coupling is only possible because these encounters are
embraced from the perspective of the global properties of the living system itself.
What the autopoietic system does, due to its very mode of identity, is to constantly
embrace the encounters (perturbations) with its environment and treat them from a
perspective that is determined by its internal dynamics. What is meaningful to the
organism is enacted from the perspective of an actively constituted identity, and
thus, precisely given by its constitution as a circular process of self-production
(Maturana and Varela, 1980; Sice et al., 2004). That is to say, the organism notices
and acts on what is important to it, and it is this that both defines and shapes its
identity.
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What the autopoietic system does, due to its very mode of identity, is to constantly
embrace the encounters (perturbations) with its environment and treat them from a
perspective that is determined by its internal dynamics. What is meaningful to the
organism is enacted from the perspective of an actively constituted embodied
identity (Maturana and Varela, 1980).
The circularity cannot be said to have a starting point and an end point. Thus, we
cannot ascribe causality in a linear fashion, we cannot claim exclusive
determination between the operations of the living and its environment (Whitaker,
1995). This is a reciprocal circularity.
What are the implications of understanding wellbeing from the perspective of
autopoiesis? It is clear from the definition of autopoiesis that, to sustain living, the
network of processes of production need to be reproduced without interruption, and
that the living (autopoietic) system operates as a homeostatic system. In Antonio
Damasio’s terms, homeostasis is the process of life regulation (Damasio, 2016). It
is important to clarify here, the word ‘homeostasis’ is used to indicate a dynamic
process of organising resources to meet internal and external demands, not as a
mere tendency to static equilibrium (Sice et al., 2020). Living systems are not just
a static structure. We ascribe living to them because they are dynamic. Thus, from
an autopoietic perspective, the organism’s wellbeing could be defined as
maintaining physical, mental and relational homeostasis and meaning generation
processes (Sice et al., 2020). This definition is different from the hedonic (positive
feeling) (Kahneman et al, 1999) and eudemonic (positive functioning) (Keyes et
al., 2002), (Ryan et al., 2001) definitions of wellbeing. However, it encompasses
their meaning, within a dynamic model of being acknowledging both positive
feeling and homeostatic functioning (Figure 2).
Well(being) model: Pyramid K
The irreducibility of human experience, from the duality portrayed by the
embodiment and the situatedness of the human agent, cannot be underestimated
when developing methodologies for enquiry and knowledge creation. Our personal
knowing of the world is our way of experiencing it, of bringing forth a world. It is
personal but not private as it arises in a continuous coupling with the environment
(Varela 1997; Sice et al, 2004). What is of utmost importance, in any enquiry, is
the development of a sound method of accessing and enhancing experience (Sice
et al, 2004).
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Awareness of experiences as they unfold includes: witnessing present moment
sensations, bodily states (alert, quiet, pleasant, unpleasant), mental activity
(thoughts, feelings, memory, intentions, beliefs, attitudes, etc.) and relational
experience (connectedness to others, to our planet, to nature, etc.), sense of
meaning and purpose (Rauch et al, 2019; Levine 2010), and compassionate attitude
to self (Maturana, 2008; Siegel, 2010; Neff, 2012; Gilbert, 2017), ensuring
observation nurtures wellbeing as it is carried out in a ‘gentle, kind, and
compassionate way’ (Zhao, 2015). The process of self-awareness requires curious
kind attitude to self-observation (Thompson and Varela, 2001, Varela et al., 2016).
This requirement is embedded in the wellbeing model (‘pyramid K’) in Figure 2.
This has important implications for understanding and evaluation and measurement
of human experience. As the living (autopoietic) system is embodied and situated,
measuring and monitoring for wellbeing, requires an enquiry into the physical,
mental and relational domains, interpreted from the perspective of the living system
itself (Sice et al, 2019). The model of wellbeing has previously been used in
assessing the relationship between wellbeing and leadership capability (Sice et al,
2013; Koya et al, 2016), in the development of a protocol for interoceptive selfawareness in email communication(Ogwu et al, 2020), as well as in evaluating of
music listening on wellbeing (Sice et al, 2020). In July 2020, the model was
adopted by the Tees, Esk and Wear Valleys NHS Foundation Trust to inform the
design of a staff wellbeing screening tool.
In the context of this study, the model implementation requires creating the
conditions for encouraging interoception, i.e. accessing individual awareness and
interpretation of personal experience in the present moment in the physical,
emotional and relational domains (Price et al, 2018). The perceived benefit of this
approach is collecting phenomenological data, i.e. data with immediate reference
to the embodied experience, interpreted by the participants themselves (Varela,
1996; Varela et al, 2016; Sice et al, 2019). Stowell (2020) asserts that everything
that “exists” is the result of personal experience, thus, a subjective
(phenomenological) account shapes the experiencer’s capacity to observe and
learn.
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Figure 2. Dynamics of (well)-being: Pyramid K
From a perspective of autopoiesis, perception of wellbeing is a non-linear process
and the interrelatedness of different aspects of wellbeing emerges in context (Sice
et al, 2004). Thus, it is important to assert that the five dimensions of the Kpyramid: physical, mental, relational, kindness (love) and sense of meaning are
interrelated and form an undivided whole, that we here choose to refer to as the
‘heart’ of human experience (Krajewska, 2012).
It is worth mentioning that individual awareness stemming critically from dynamic
interaction between internal and external environments has recently been studied
from the perspective of complex systems (Shang, 2013; Shang 2015). The focus
of autopoietic enquiry is however different from most complexity studies of human
systems, i.e. autopoiesis brings the individual in their interactions with the
environment as a central point of exploration, in understanding the sources and
dynamics of experience and the potential for expansion and evolution in the
individual and social domain (Sice et al.,2004).
Methods and Data Collection
The autopoietic perspective adopted in this study, suggests that our experience of
the world is born in our interactions with the environment and is validated by our
embodiment. It was thus of utmost importance that the method of enquiry created
conditions for paying attention and accessing immediate personal experience
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through a disciplined act of cultivating capacity ‘of becoming aware’ of the sources
of this experience (Depraz et al, 2003; Rauch et al, 2019). Thus, a diary method
was considered appropriate for this study (Bartlett and Milligan, 2015; McDuff et
al , 2012; Pavel et al, 2011). It was designed to collect both quantitative and
qualitative data. The quantitative data consisted of participants rating their own
interpretation of their experience of wellbeing, before and after Qigong exercise.
The diary required the participant to reflect on their present experience, rating their
perception of wellbeing according to the five dimensions of the wellbeing model
in Figure 2 and according to valence (pleasant/unpleasant experience) and
activation (excited/relaxed) on a scale from 10 to -10 accordingly (Appendix A).
The TCM Qigong exercise was delivered live online by an experienced TCM and
Qigong trainer via a Zoom platform, between 2 and 3 pm (GMT) on Saturdays.
Data was collected on 1st, 8th, 15th and 22th August 2020. Participants were recruited
through the University of Wales Trinity St David Confucius Institute website:
https://www.uwtsd.ac.uk/online/confucius-institute-online-learning/qigong-forhealth-online-courses/. The participants were volunteers who accessed the website,
became interested in Qigong, and completed the Qi exercise. Subjects were in some
sense their own controls, an aspect of the study made possible by measurement
“before and after” the Qigong exercise intervention.
Data analysis
Out of 28 entries by participants who engaged with the diary, 17 met the criteria of
filling the diary before and after the TCM Qigong. To account for the full duration
of the exercise, only corresponding entries separated by more than 25 min were
considered, resulting in a total of 11 pairs of data entries.
The statistical analysis was performed using IBM SPSS Statistics software
(Version 26) and Microsoft Excel - Office 365. The mean scores for five wellbeing
dimensions before and after the intervention with their relative change are shown
in Table 1. They are also represented in Figure 3. Consistent increase is observed
for all the values, the highest being for physical wellbeing by 2.55 and the lowest
for kindness by 0.73.
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Table 1 Mean scores before and after the intervention.

Physical wellbeing
Emotional
wellbeing
Sense of connection
Sense of Meaning
Kindness

Before
0.64

After
3.18

Change
2.55

1.64
2.09
1.82
1.36

2.73
2.91
2.91
2.09

1.09
0.82
1.09
0.73

Average scores before and after the intervention
before

after

physical wellbeing
4.0
3.0

kindness

2.0

emotional wellbeing

1.0
0.0

sense of meaning

sense of connection

Figure 3 Mean scores before and after the intervention.
Similarly, the mean scores for valence and activation with the relative change postintervention are presented in Table 2. Valence mean score increases significantly
by 4.18 (from 1.18 to 5.36) while the activation mean decreases from 0 to −1.64.
The ratings input by the participants for these two parameters before and after the
exercise are shown in Figure 4. As 3 negative valence ratings are recorded preintervention ranging between −8 and −1, none is recorded post-intervention. The
positive valence ratings are in the interval [1, 6] pre-intervention. This range
increases to [2, 8] post-intervention. For the activation parameter, the pre-exercise
range of [−6, 3] is decreased to [−7; 2] post-exercise; thus, indicating a lower level
of activation after performing the Qigong exercise.
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Table 2 Mean scores for valence and activation.

Valence
Activation

Before After Change
1.18
5.36 4.18
0.00
−1.64 −1.64

Activation vs Valence
8

Alert

6
4
2

Relaxed

-10

-8

-6

-4

-2

0
-2

0

2

4

6

8

10

-4

After

-6

Before

Unpleasant

-8

Pleasant

Figure 4 Valence and Activation ratings before and after the exercise.
To check whether these differences are statistically significant, the data is first
tested for normality. For this purpose, the Shapiro-Wilk test is conducted. The
results are shown in Table 3. Apart from valence, all p-values are less than 0.05,
hence indicating non-normally distributed data. Therefore, the non-parametric
Wilcoxon signed rank test is applied. As the direction of change is expected to
increase for all parameters and decrease for activation, the one-tailed test is
selected. The statistical significance threshold is set to P=0.05, and the effect size
𝑟𝑟 = 𝑍𝑍/√𝑁𝑁 is also computed. The results are presented in Table 4.
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Table 3 Shapiro-Wilk test for normality.
Shapiro-Wilk
Test
statistic
Physical wellbeing 0.701
Emotional
0.795
wellbeing
Sense
of 0.822
connection
Sense of Meaning 0.804
Kindness
0.733
Valence
0.897
Activation
0.700

P
<0.001
0.008
0.018
0.011
0.001
0.169
<0.001

The Wilcoxon test reveals statistically significant differences for physical
wellbeing with a large effect size (P=0.001, r= 0.645), emotional wellbeing with a
large effect size (P=0.003, r= 0.598), sense of connection with a large effect size
(P=0.007, r= 0.525), sense of meaning with a medium effect size (P=0.013,
r=0.475), kindness with a medium effect size (P=0.019, r=0.441), valence with a
large effect size (P=0.002, r=0.600), and a decrease in activation with a medium
effect size (P=0.020, r=−0.436).
Table 4 Wilcoxon signed-rank test results including the z-score (test statistic), pvalues, and effect size r. p-values less than 0.05 are in bold.
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Physical
wellbeing
Emotional
wellbeing
Sense
of
connection
Sense of Meaning
Kindness
Valence
Activation

Test
statistic

p

r

3.025

0.001

0.645

2.807

0.003

0.598

2.460
2.226
2.070
2.814
-2.047

0.007
0.013
0.019
0.002
0.020

0.525
0.475
0.441
0.600
-0.436

To examine the correlations between different dimensions, Pearson correlation
coefficients are used. The results are shown in Table 5. Excluding activation as it
is uncorrelated or slightly negatively correlated to the other variables, the highest
positive correlation is between physical wellbeing and emotional wellbeing (ρ =
0.876), and the lowest is between valence and sense of connection (ρ=0.173).
Table 5 Correlations between different dimensions.

Physical
wellbeing
Emotional
wellbeing
Sense of
connection
Sense of
meaning
Kindness
Valence
Activation

Physical Emotional Sense of Sense of Kindness
Valence Activation
wellbeing wellbeing connection meaning to self
1.000
0.876
0.595
0.647
0.466
0.376
0.022
1.000

0.557

0.558

0.428

0.282

-0.053

1.000

0.620

0.328

0.173

0.045

1.000

0.495

0.221

-0.058

1.000

0.460
1.000

-0.375
-0.436
1.000

Each of the 4 quadrants in Figure 4 is associated with 3 emotions that users were
asked to choose from after picking their coordinates in one of the quadrants. The
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emotions in quadrant 1 (positive valence and activation) are: enthusiasm,
motivated, stimulated. Those in quadrant 2 (negative valence and positive
activation) are: angry, frustrated, anxious. In quadrant 3 (negative valence and
activation), the emotions are: apathetic, inattentive, detached. In quadrant 4
(positive valence and negative activation), they are: receptive, curious, content. The
number of users displaying each emotion is computed before and after the
intervention. The results are presented in Figure 5. No emotion associated with a
negative valence is displayed after the intervention, while, angry, frustrated,
anxious and inattentive were selected before the exercise. The most frequent
emotions both pre- and post-intervention are: receptive, content and curious. All
positive emotions exhibited an increase after the exercise except enthusiastic that
kept the same frequency. The net rate of promotion in emotion reaches
16/18=88.8% in terms of frequency.

Frequency of each emotion
content
curious
receptive
detached
inattentive
apathetic
stimulated
motivated
enthusiastic
anxious
fustrated
angry
0

1

2

3

4
after

5

6

7

8

9

before

Figure 5 Frequency of each emotion before and after the intervention
Although participants were asked to leave comments if they chose to, very few
comments were entered.
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Discussion and Conclusion
In this study, awareness of body and mind was built in the design of the wellbeing
diary. The design was informed by the ‘pyramid K’ model, focusing and enhancing
participants awareness of bodily sensations, emotions and the level of
pleasure/displeasure and activation/relaxation. The results suggest, TCM Qigong
exercise had a significant positive effect on wellbeing: physical wellbeing with a
large effect size (P=0.001, r= 0.645), emotional wellbeing with a large effect size
(P=0.003, r= 0.598), sense of connection with a large effect size (P=0.007, r=
0.525), sense of meaning with a medium effect size (P=0.013, r=0.475), kindness
with a medium effect size (P=0.019, r=0.441), valence with a large effect size
(P=0.002, r=0.600), and a decrease in activation with a medium effect size
(P=0.020, r=−0.436).
It is important to communicate the high correlation (Pearson coefficient = 0.876)
between changes in emotional and physical wellbeing (Table 5) thus
acknowledging the close interrelatedness between the emotional and physiological
aspects of wellbeing. Thus, we conclude that further research into the health
benefits of TCM Lung Benefiting and Strengthening Qigong Exercise (健肺复原

导引法) is applicable.
It would be beneficial to update the online interface taking into account the context
application in shaping the requirements, (Bednar and Welch, 2009) and thus to
encourage participants to engage and leave richer comments and reflections on
their experience. Further research will require a larger number of participants, a
control group and a randomized sample, relevant demographic data collection.
Future research would benefit from introducing psychophysiological measurement
such as Heart Rate Variability, to provide a valuable link between the human actor
and objective physiology (Porges, 2009; Sice et al, 2019; Rauch, 2020).
Limitations
This was a study conducted during the time of the Covid-19 pandemic which
presents several limitations that need to be addressed in future work. One limitation
is the demographic information about the participants. Future investigation should
include participants who are more thoroughly representative of different age groups
and other demographic factors. Another limitation is the limited qualitative data.
Future research would benefit from encouraging participants to share their
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experience in free text, to allow for cross-reference between quantitative measures
and individual perception of wellbeing and emotion.
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Abstract
This paper considers organizations as dynamic open systems, seeking to maintain
viable relationships with their environments. It recognizes the endemic nature of
change and how modern organizations must respond by innovating in order to remain
sustainable and progress, and must promote a culture of readiness. The possible
tension between continuous improvement for efficiency in processes and a holistic
perspective for innovation is noted, taking into account a need to capture contextual
knowledge from all levels in the business. The authors suggest that the Viable Systems
Model (Beer, 1985) may be a useful tool for reflection on design of effective
management in a balanced and flexible organization. This model attempts to balance
variety between organizations and their environments, and between operational units
and management, through recursive levels of autonomy.
Keywords: Viable Systems; Requisite Variety; Innovation; Business Process
Improvement.
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Introduction
“We are the inheritors of categorized knowledge; therefore we inherit also a world
view that consists of parts strung together, rather than of wholes regarded through
different sets of filters. Historically, synthesis seems to have been too much for the
human mind – where practical affairs were concerned. … The modern world of
science and technology is bred from Aristotle and Aquinas by analysis. The
categorization that took hold of medieval scholasticism has really lasted it out. We
may see with hindsight that the historic revolts against the scholastics did not shake
free from the shackles of their reductionism” (Beer, 1973 p.63)
Business organisations are not just legal and commercial entities. An organization
can be conceived as a complex, purposive socio-technical system created in order
to bring about and maintain some desired transformation. As a system, it subsists
within wider system(s) and an environment of phenomena and forces beyond its
control. The term ‘system’ is here used to denote a mental model that may be useful
for the purposes of inquiry and reflection, not in the ontological sense of an object
or artifact with concrete, real-world substance (Checkland, 1985, p.765). Viewed
as systems involving human beings, organisations are both open and dynamic. On
any given day, an organisation can be viewed as a static entity, with an agenda and
structures. However, this structure and the relations through which they subsist
over time will constantly change as individual people (with their unique
characteristics) join and leave, and therefore ideas, visions and culture co-evolve.
Organisations are open to a continuing, creative process of interpretation and
reinterpretation (Schein, 2017). This reflects, in part, what Vickers referred to as a
contemporaneous system for maintaining a stable relationship between
organisational system and environment. This is analogous to the relationship which
a ship must maintain with the sea in order to remain afloat (Vickers, 1965; 1970).
A charted course is helpful if the captain and crew want to reach a destination, but
the primary task is to keep the water on the outside. While some authors have
viewed business management as primarily concerned with setting of appropriate
goals and objectives (e.g. Simon’s (1982) view of bounded, technical rationality),
Vickers gave primacy to a continuing process of learning about the organisation in
its environment. This depends upon engagement from everyone involved in the
business with its on-going journey. Formal structures vary – some businesses are
structured around distinct, functional activities, others operate in collaborative,
multi-skilled teams, but all contributions must be taken into account as part of the
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collective endeavour of learning and sustaining the organisation. The objective of
this paper is to discuss, using relevant literature, how sustainability may be
achieved in 21st Century organisations and how the Viable Systems Model (Beer,
1985) might be used as a vehicle for reflection upon organisation amidst the
uncertainties of continual transformation.
The term ‘sustainability’ is now often heard in relation to modern business. This
matches well with Vickers’ idea of relationship maintaining. The concept has many
dimensions. Economic sustainability is clearly essential to a business, at least in
the longer-term, but the social dimension must be considered as equally critical to
the long-term existence and prosperity of companies (Porter and Kramer, 2006;
Martens and Carvalho, 2016). Schein and Schein (2018) point to a need for
organizational leaders to recognize increasing task complexity involving “a
dynamic mix of emerging technologies, collaboration between many kinds of
expertise provided by team members, and ecosystem partners, who often come from
different occupations and national cultures” (2018, p.21). They also point to a need
to embrace the socio-technical nature of production, in which problems that arise
may originate in relationships between ‘socio micro systems’ than in designed
artifacts or processes. Without such recognition, managers may be subject to blind
spots and poor communication can lead to action that is counter-productive. Not
only are workplaces changing but so also are our expectations and values in the
work environment. As technologies and the nature of ‘work’ change, social norms
also evolve. It has been noted that technological developments can happen very
rapidly, but social systems tend to change more slowly (Roland, 2004; Kemp and
Rotman, 2005). This is an important consideration in the management of sociotechnical systems, in which the two are indivisible. Nor is technology the only
disruptor in the business environment, as the recent global pandemic has illustrated.
The rate at which disruptors arise is accelerating to a point in which managers must
ask the questions ‘what business are we in, and how do we do new things, better’?
In response to a turbulent environment, ‘re-imagining’ is needed (Skobelev &
Borovik, 2017; Paschek, et al, 2019). Managers are suggesting that their
organisations will need to transform approximately every three years in order to
keep pace (D’Auria, et al, 2020).
Management in organisations focuses primarily upon creation and delivery of value
for customers, which in turn can lead to profit for other stakeholders. Put simply,
value is the relationship between what someone beyond the boundary of the
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organisation desires and what they are willing to pay for it (Miles, 1961). Creating
and/or delivering something of value to another person, and doing it as effectively
and with as little waste as possible, is one of the keys to organisational
sustainability. Much management thinking has therefore focused upon value
analysis - an organized and creative approach to promoting value by eliminating
unnecessary costs that add nothing to quality of features desired by a customer
(Miles, 1989). Porter (1985) proposed a process view of value in his Value Chain
Model, as an aid to strategic thinking. In this, he distinguishes between activities
that contribute directly to creation of value and those which play a supporting role.
In more recent times, the idea of a value web has emerged, since whole value chains
are often distributed among a number of organisations. Given a constant tension
between opportunities and threats in the environment, strategists need to endeavour
to managing risks, seek for additional influence over customer desires and generate
new ways to create customer value. At the same time, it will be necessary to seek
ways to eliminate waste (Pil and Holweg, 2006). In the decades since Miles’ work,
systematic approach to business process management (BPM) have been devised
and applied in order to promote both efficiency and effectiveness. BPM draws
together a set of principles, methods and tools that combine knowledge from
Information and Communication technologies, management sciences and
industrial engineering (Aalst, et al, 2016). As a process view of value creation has
become dominant, operations management thinking has become concerned with
smoothing flows of value, and value stream mapping techniques have been
developed (Hines and Rich, 1997; Sinha, et al, 2010). A number of management
approaches, including Business Process Re-engineering, Lean and SixSigma have
been adopted by organisations seeking to optimise their processes123. Some
authorities have suggested that the relative success of systematic approaches such
as these may be based in the extent of employee involvement arising from them
(Radnor and Walley, 2008).
Organisational life is messy and redolent with ambiguity. Mapping of value
streams can only be one aspect of an on-going endeavour to move forward while
keeping ‘an even keel’. Ciborra (2000) drew attention to a paradox arising in
modern management. On the one hand, key stakeholders seek to establish control
23 BPR was focused upon rapid and revolutionary change in organisations; Lean is a philosophy derived

from the Toyota production system, focused upon smoothing flows and eliminating wastes in production
processes; while SixSigma uses statistical techniques to reduce process variation and enhance control. See,
e.g. Ozcelik, 2010; Assarlind, et al, 2013.
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over organizational practices and use of resources. However, the search for
sustainable competitiveness in a complex and changing world requires that they
encourage innovation. Engaged actors must be empowered to exercise their
initiative and creativity, individually and in groups. Rather than establishing
control, Ciborra suggests that managers need to engage practical intelligence,
which he describes as ‘the intelligence of the octopus: flexible, polymorphic,
ambiguous, oblique, twisted, circular’ (Ciborra, 2002, p.94). Creativity is widely
regarded as ‘critical for success and survival through its role as a key input to
innovation’ (Litchfield & Gilson, 2012, p.108). Innovation is seen as crucial to
competitiveness (see, e.g. Çekmecelioğlu & Günsel, 2013; Gisbert-López et al,
2014; Khalili, 2016). Creativity can ‘fundamentally challenge existing ways of
doing things within as well as across organisations’ (Andersen & Kragh, 2013,
p.82). It follows that these qualities are fundamentally associated with change.
Change
Change is now recognized to be endemic in business. In a survey in 2018 of more
than 2,000 managers, 47% reported that in order to survive, they needed to reinvent
their businesses every three years or less. In 2020, this figure had increased to 58%
(Zhexembayeva, 2020). This author goes on to point out two key reflections. First,
the popular notion of ‘best practice’ may no longer be a useful starting point for
change. Instead, organizations should seek to learn from their own failures through
sharing and discussion. Secondly, the adage ‘if it ain’t broke, don’t fix it’ may no
longer be useful in a climate of endemic change. Organizations should become
proactive rather than reactive about transformation. BPM focuses upon incremental
change to bring about improvements to existing operations. Typically, it uses
established tools and techniques of measurement to consider the situation ‘As-Is’
and move towards a desired ‘To-be’ on a continuing basis. As such, it is proactive
but bounded by existing assumptions and activities. At the same time,
organizations are faced with disruptions in the environment, which might come
from any direction. In recent years, digital innovation has provided scope for reimagining how business might be done, or what new ways might be found to please
(new) customers. A focus on innovation is less bounded than a search for
continuous improvements. Mendling, et al, (2020) have pointed out a tension that
is apparent from the literature. Digital (or any) innovation produces generative
capacity to do things differently. BPM, on the other hand, focuses on enhanced
efficiency of performance. Digital innovation tends to unfold on an ‘ad-hoc and
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anarchistic fashion driven by situational opportunities’ (Mendling, et al, p.2010)
and thus it is generated from the bottom up. BPM, on the other hand, unfolds from
strategic requirements – its impact is top-down. Organizations seeking to pursue
successful transformations need to address this tension within an overall focus
upon collaborative learning. Motwani, et al (2002), looking into successful
implementation of enterprise resource management systems, suggest that readiness
for change is a key to success. The term ‘readiness’ refers to organizational
members’ beliefs, attitudes, and intentions (Armenakis, 1993). At one time, there
was a widespread belief that up to 70% of change initiatives resulted in failure, but
much depends upon the way in which ‘success’ is defined. Opinions vary as to the
extent of failures in change initiatives, since there may be partial successes and,
indeed, unintended benefits, as well as actual failure (Hughes, 2011). In 2007,
Williams reported a survey by the IT Governance Institute covering 1600 IT
projects. 52% of these were expected to lead to negative returns, 31% actually
destroying value for the companies concerned. Thomas, et al (2016) suggest that
managers often feel obliged to make clear the value desired from proposed change
at the inception of an initiative. Such statements are of necessity rigid and
simplified. Judgment of success or failure may therefore be attributed to poor
discourse about benefits. McClean, et al (2017), reviewing case work on change
projects, found that the factors most often identified as involved in success were
culture and environment, as well as motives and expectations. Jurisch, et al (2016),
using case survey methodology, demonstrated that emergent risks are critical in
business process change, especially those relating to user participation,
management support, governance and target volatility. Jinasena, et al (2020)
confirm the importance of going beyond the use of fixed operational indicators in
judging success or failure, pointing out that ‘multiple stakeholders of such projects
need to cooperate, collaborate, and create a synergy of necessary capabilities
linked to strategic objectives’ (2020, np). It is the task of management to inculcate
a culture of readiness for change.
The imperative to reinvent the business demands continual readiness for change
within organizational culture (Schein, 2017), reflecting a sharing of norms and
values. How can this be approached in terms both of formulating appropriate
strategies and putting these into effect? Weiner (2009) suggests that readiness
refers to a shared resolve among organization members to bring about change,
together with their shared belief in their collective capability to do so. Weiner
points out that readiness is both a multi-level and a multi-faceted construct. Since
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an organization may be regarded as a dynamic, open system that is (co-)created
and recreated on an ongoing basis by the interactions of the people who are its
members (Emery, 2000; Bednar, 2009), readiness for change may be regarded as
an emergent quality arising from those interactions. The foundations of readiness
lie in both the contextual understandings of engaged professional actors
(managers/leaders, employees, customers/clients and possibly partner
organizations) regarding potential for change, and their perceptions of the
adequacy of current capabilities, resources and leadership in context. In order to
promote and capture necessary learning, engaged actors will need appropriate tools
and techniques to explore context for change.
Ackoff (1974) offered a categorization of different problematic situations facing
managers. Messes, he describes as complex issues which are not well formulated
or defined, i.e. open systems of interconnected problem-spaces. Well-formulated
or defined issues, with different, contextually dependent solutions, he describes as
Problems, i.e. open systems of multiple decision-spaces. In the third category are
Puzzles – well-defined problems with a specific solution that can be worked out by
applying a recognised method, i.e. a closed system of a decision-space. Pidd refers
to this taxonomy in the following way: “One of the greatest mistakes that can be
made when dealing with a mess is to carve off part of the mess, treat it as a problem
and then solve it as a puzzle – ignoring its links with other aspects of the mess.”
(2003, p.62).
If a mess is broken down into its component parts, and an optimum course of action
is applied to each part, the result will not be optimal for the system as a whole
which the mess represents. The act of breaking down the system will have
destroyed it, i.e. emergent properties have been lost (Ackoff, 1986). We suggest
that the interaction of processes (within organizations and across organizational
boundaries) create situations that are ‘messy’. Thus, the tools and techniques
managers adopt to manage value streams and processes must be similarly dynamic,
flexible and fit for the purpose of addressing ‘wicked’ problems. An undue focus
on efficiency in particular processes is likely to lead to just the type of
fragmentation and sub-optimality that Ackoff warns against. Most uses of the term
‘value stream’ call for a holistic approach to process analysis. This paper suggests
that the Viable Systems Model (Beer, 1985) may provide a holistic view that can
be used flexibly.
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The Viable Systems Model
A viable system is one which can maintain a stable relationship with its
environment and hence its continued existence through appropriate feedback. A
viable system balances the demands of its environment but also acts as a coherent
whole, so as act effectively. Beer (1985) based his concept of ‘viability’ of systems
in reflections upon Ashby’s (1956) Law of Requisite Variety. The key principle
here is that only variety can absorb variety, variety being the number of discernibly
different states that a dynamic system can occupy. Clearly, for a very complex
system it is not possible to enumerate all of these possibilities. Organizational
systems are comprised of individual members who are themselves purposeful,
intentionally and collectively formulating objectives (Ackoff and Emery, 1972).
However, an organization is more than just a collective. It is the interactions
between members in their multiple, contextually-dependent roles, that generates
those perceived emergent properties that characterize a particular organization as a
human activity system (Bednar, 2007). If any part of a system changes or leaves,
the effect of that change is reflected in a change in the state of the system as a whole
(Ackoff and Emery, 1972). It follows that a system to control an organization must
match or exceed the variety of its operational units, or seek to reduce their variety.
Beer reflected upon the way in which balance is achieved in the human body,
through interaction of three parts. First, Operations – in the context of the body this
is the organs and the muscles which carry out all its primary functions. Secondly,
the Metasystem that ensures all the various Operational units work together in an
integrated and harmonious way – achieving internal balance. The third part is the
Environment - those parts of the outside world which are of direct relevance to the
system in focus. Operational units must maintain balance with the Environment if
the system is to remain viable. Many examples exist of practical application of the
Viable Systems Model to real world organizations (examples can be found, for
instance, in Espejo and Harnden, 1989). This paper suggests that this model could
be used to maintain an overview of the impact of on-going change upon the
effectiveness of operations, in order to enhance value stream analysis in the context
of process improvement.
Change and Viability
Projects to bring about business improvement are often initiated as a response to
perceived poor performance (or perhaps a less-than-optimal return on investment
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for stakeholders). In all but the smallest organizations, this suggests that a messy
system of problems needs to be addressed. Change may be undertaken
incrementally, through efforts at continuous improvement, or may be the result of
radical, strategic decisions.

Figure 1 - Elements of the Viable Systems Model
Variety is a measure of complexity and, in the case of complex purposive systems
such as a business organization, there is always therefore a problem of balance.
Unbalanced variety creates critical tensions: between operations within the system
and its environment; and between operational units and management attempting to
control their variety (Soliman, et al, 2018). Further tensions arise between
autonomy of operational units as against the whole, as management struggles with
unbalanced variety. As operational units vie to achieve balance, sub-optimality
occurs, i.e. optimizing individual units in isolation from their interactions within
the whole system does not result in optimality (balance) for the emergent whole.
Thus, too much autonomy leads to loss of synergy while too little threatens the
emergent properties that reflect the purpose of the organization. Further tensions
arise between current and future desired states (Hoverstadt, 2011).
Design of appropriate management and control processes have posed difficulties
for some organizations, with power often vesting in an elite group close to (and
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hence accountable to) key stakeholders. This resulted in a hierarchical structure in
many cases and had the effect of privileging the views of a small group, starving
the organization of learning from contextual knowledge of grass roots actors.
Today, polarisation has occurred through the impact of digital technologies, so that
many large organizations now have a relatively flat structure and team working has
become the norm, but the cultural paradigm of centralised control often still
prevails. Its origins lay in Taylorist principles (Taylor, 1911), of Scientific
Management, which emphasised a need to break down processes into specific tasks
and standardize skill sets in order to reap the benefits of economies of scale.
However, products and services of the 21st century require greater variety in
technical skill than those of the 20th. For instance, consider the Ford Motor
Company. Founder Henry Ford was a mechanical engineer who designed and built
a prototype car in his youth before establishing an early assembly plant. He
understood the full process of building a motor vehicle. However, the current CEO
of Ford, James D. Farley Jnr, is a graduate of economics and computer science with
an MBA. He has success in overseeing sales strategy but not in vehicle assembly –
this is achieved through people and technologies in specialist roles within the
various plants worldwide. Complexity in customer demands and in technology
(and the consequent variety) has led to diversification and specialisation that have
outstripped the capacity of a Taylorist approach to provide effective centralised
control.
Espejo and Harnden (1989) point out that a viable system is one in which actors
can respond appropriately to new situations in their environment. The question then
arises how strategic managers can act to ensure that everyone within the
organization will contribute in the right way to effective adaptation? In a complex
purposive activity system, such as an organization, can strategists be sure that their
decisions will lead to effective action? History is littered with policy decisions
which transpired to be ineffective or counter-productive. Many of the failed IT
projects referred to by Williams are the result of a mismatch between the
complexity of the transformation involved and the skill set of those deciding to
initiate the project. There is a fatal disjuncture between the necessary knowledge
to avoid failure and the locus of decision-making. Espejo and Harnden (1989) refer
to ‘residual variety’ between the briefings received by policy-makers and their
actual capacity to make informed decisions. Such a dilemma can often result in
anxiety among strategic management about their role, leading to arbitrary decisions
and increasing demands for detailed reporting from operational units. We do not
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carry all our knowledge on the surface of thought. For instance, when we drive, we
constantly take in features of the context of travel and adapt our control of the
vehicle to the conditions; few of us can later describe exactly the process by which
we did this. Human knowledge can be explicit (e.g. reciting aspects of Highway
Code) but very often it is implicit in context, or tacit, i.e. the knower is not even
aware of its existence although she can draw upon it in action (Polanyi, 1958; 1966;
Nonaka and Takeuchi, 1995). In a situation in which senior managers lack
necessary tacit knowledge to monitor processes in detail, they often seek for ever
greater opportunities to improve their explicit knowledge. Balance can only be
achieved by amplifying management variety and attenuating organizational
variety.
Espejo suggests that a process of unfolding of complexity will occur (Espejo,
2004), from the most complex level of abstraction to the most concrete. Defining
primary activities for the system is the province of policy-makers but implementing
those primary activities falls to others. This this unfolding has been observed to
produce “rigid social systems, where those in power positions have forced unfair
constraints over the majorities at the local level, and often excluded them” (Espejo,
2004, p.671). Hierarchical control must be consensual to function effectively in a
complex organization: co-operation and compliance are needed. Ultimately,
command-and-control approaches do not work even where they are supported by a
prevailing cultural acceptance of centralised power, because management cannot
manage effectively by decree. Consider the impact of a work-to-rule during
industrial disputes – operational actors are able to bring about chaos by enacting
exactly what policy-makers have told them to do. Where command-and-control is
the prevailing culture, actual practice – doing what it takes to get the job done – is
often quite different from that which is officially sanctioned. This is an instance of
autonomy being taken, rather than granted (Hoverstadt, 2011). Through selforganization, an informal structure is likely to emerge that makes autonomous
action possible. Where, at any point, complexity in a primary activity exceeds the
capacity of those responsible for implementation, structural unfolding will occur to
encompass a further level of autonomous management – de facto or de jure.
Recursion
When considering the Viable Systems Model in relation to organisational
structures, an important principle emerges. At every level, each sub-system must
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itself fulfil the criteria for viability, including all the elements of the model. If the
organization fails to match environmental complexity it will inevitably fail. This
may be because its performance falls short of customer expectations, government
regulation, availability of resources, or any of a plethora of reasons since
environmental complexity has no inherent limit. Balance can only be achieved by
reducing complexity or by matching it.
Since tacit knowledge is the key to management of variety at operational level,
internal autonomy must balance. Imbalance in organisational complexity leads to
arbitrary management and loss of control. A balance may be achieved only by
amplifying management variety and attenuating organizational variety; and by
amplifying organizational response and (where possible) attenuating
environmental variety. How may this be achieved? Hoverstadt (2011) suggests that
attenuators could include standardization of products or services; grouping of
customers into defined segments with similar characteristics; grouping of
employees into work groups linked to primary activities, e.g. divisions,
departments, teams. Amplifiers of variety could include increased autonomy of
operational units to create responses to environmental or management variety
through empowerment to develop and use tacit knowledge and information.
George (2003) points out that environmental complexity may be more difficult to
address in service industries than in traditional manufacturing. Taking the example
of motor manufacture, greater variety in customer demand is absorbed by a modern
car plant than was the case with, say, Ford’s 1919 production plant for the Model
T. Robotics have enabled economies of scope to replace economies of scale – the
loss of production time in switching from, say, red to yellow paint is minimal and
hence the customer’s desires can be satisfied without undue loss of productivity.
However, Toyota, for instance, still produce a finite range of models and styles for
which they are able to balance variety of operations and management within their
system. This contrasts with the financial services market in which a confusing
plethora of ‘product’ offerings have been developed by different firms in the
market. This complexity of offering is a feature which, according to George, must
be reduced if service organizations are to achieve benefits from ‘Leaning’ their
processes. However, in some cases this is more easily said than done. Radnor and
Walley (2008) point out a fear that success in streamlining health care provision
could lead to new demands that would cancel out efficiencies (2008, p.17). Since
medical research is continually improving the range of potential treatments, it may
be impossible ever to reduce complexity of offering to a level that can be readily
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matched by operational variety. This reflects a systemic principle that, in defining
the scope of ‘an organization’, we draw a boundary between system and
environment. Each response does this anew.
In VSM, different recursive levels within the structure of the system deal with
different types of complexity. Thus, focus on decisions falls on different
operational units but there is, of course, a need for interaction to avoid destabilising other levels.
Unlike hierarchical organizational structures, VSM is not about power as such but
about empowerment to manage complexity and difference. Agreement is needed
between managements at each recursive level and their operational sub-units about
appropriate frameworks for operations.
Primary activities
In any organization, primary tasks can be defined. These are those tasks that must
be done to deliver value to the external environment (as opposed to those that must
be done to keep the organization ticking over). The identity of a system rests on
its primary tasks, i.e. the answer to the question ‘what business are we in?’ The
principles laid down by Womack and Jones (2003) for Lean process management
also reflect this view, since it would not otherwise be possible either to specify
value demanded by customers or to identify value streams. How should each
primary task be structured? In a viable system, breakdown by level reflects the fact
that the whole organization can cope with more variety than any one individual
within it. The nature of the complexity itself yields the appropriate breakdown into
sub-systems. Hoverstadt (2011) suggests that there are a number of potential
drivers of complexity, depending upon the primary task(s) addressed by the
organization. These may include technology (what operational units must do);
geography (the location of the service delivery); customers (who they are and their
characteristics); time (when and at what intervals service delivery is required). The
order in which complexity is unfolded in the structure is also crucial to
performance. This reflects comments by Harris and Harris (2008) about
experiences of Lean project teams. For instance, many Business Process Reengineering projects failed to deliver because of the resultant decoupling and lack
of balance between support activities and the primary activities they are intended
to serve (Hoverstadt, 2011, p.102). This may be compared with Checkland’s idea
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of congruence between serving systems, such as data systems, and systems to be
served that are directly involved in purposeful activity (Winter, et al, 1995).
Unfolding of structure in a viable system needs to follow the natural flow of work.
Every primary activity is made up of other primary activities, for which customers
are internal.
Beer’s organization of the Model was inspired by his reflections upon the
interactions among structures in the human body, when viewed as a system. He
envisioned this in terms of three interacting aspects: muscles and organs, nervous
systems and interaction with the environment. Thus, the first of his elements of
interest is operational (analogous to muscles and organs); the second is a
Metasystem that ensures that the system is able to act as a balanced and integrated
whole (like the sensory system and the brain); the third is the environment within
which operations occur. The model focuses on the sub-systems necessary to
achieve viability (See Figure 1).
The Metasystem
Maintaining balance within a viable system is the role of System 2 (co-ordination).
Autonomy in one primary activity system may impinge on and disrupt another and
co-ordination is needed to prevent or control such disturbances. The need for
System 2 intervention increases with the number of activities, degree of
interdependence between them and degree of co-incidence in their potential impact
on the environment. For instance, if the primary activity of sales is approached
from geographic drivers, teams are unlikely to disrupt one another at the point of
contact with customers. However, if their organization reflects characteristics of
product, then the same customer might encounter different teams from time to time
and co-ordinating activities may be needed. Interdependence may be internal: one
primary activity may be the customer of another or it may be environmental. Coordination is needed at each level of recursion and poor design of System 2 could
be detected through performance measurement, incidence of chaotic activity,
problems that recur or conflict between operational teams. Effective design of
System 2 is particularly crucial in relation to change management (see comment on
BPR above). Clearly, from the point of view of viability of the whole, it is better to
have a system for anticipation and avoidance of problems, than one which detects
and solves them.
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Figure 2 - Elements of the Viable Systems Articulated for Business Management
Features of System 2 will vary with the nature of primary activities but could
include established protocols, boundary agreements and standards. However,
shared ‘language’ and organization culture are also System 2 features (Hoverstadt,
2011, p.107). Examples of failure to create effective System 2 abound, but good
design is less likely to be noticed and discussed. An example arose in the late
1990’s in the Nestle Corporation when they contemplated introduction of an
enterprise resource planning (ERP) system. During analysis they discovered that
different operational units were paying more than 20 different prices for vanilla
supplies, when their market power as a combined customer could have driven the
unit price down considerably (Worthen, 2002). Co-ordination challenges reflect the
tension between autonomy of operational units and a need for synergy across the
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system as a whole. Identifying and removing unnecessary complexity (e.g. through
a Lean initiative) is clearly beneficial in this respect.
The next aspect of the Metasystem (System 3) addresses getting things done. This
is delivery of value to a customer. This will involve a bargaining process between
management and constituent sub-systems within a viable system, exchanging
resources for performance. Experience suggests that rigid budgetary control
mechanisms can cause dysfunction since they encourage ad hoc practices designed
to increase autonomy and flexibility, e.g. creative accounting and scrambles to
spend the residual budget at the end of an accounting period – both wasteful of
resources that could be directed towards value generating activities. Within VSM,
autonomy within agreed limits is indicated so that there can be a flexible response
to deployment by those with the required tacit knowledge. Performance
measurement is crucial here and needs to be designed so as to be both adequate and
appropriate at every level of recursion in organizational structures. Opportunities
to explore actual practice within the operational unit(s) concerned may be
preferable to remote gathering of statistical measures. This is often reflected in the
design of a Lean system, e.g. rather than sending messages, personnel walk to the
operational unit that needs information so that interpretation is facilitated.
Managers walk to the site of production in order to inspect reports in situ (Harris
and Harris, 2008).
‘Future’ management is the focus of System 4 within the Metasystem.
Development is needed to ensure a good match is maintained between variety in
an organization and in the environment within which it operates. Since change is
endemic in the business environment, a viable system is one that is prepared
respond in order to cope with on-going change. Thus, a part of the activity in
System 4 will be external communication and intelligence gathering. Intelligence
looks for strategy gaps and opportunities to close them – this drives evolution and
therefore maintenance of viability. Since customers are both the recipients and the
source of value to the organisation, it is vital that System 4 brings in data from the
outside world, feeds this into processes generating innovation, and also serves to
project information outwards to the world to promote renewed desire for the
organisation’s output among existing and new customers. Here, there will be
crucial interactions between Systems 4 and 5. It is vital that the organisation
maintains a reflexive relationship to its environment. Building capacity for
knowledge creation and exploitation through innovation is a key role of System 4
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(development). Its job is to build organizational flexibility and capability, holding
the whole together over time. It has often been observed that an undue emphasis
on efficiency can undermine System 4 activities through ‘short-termism’. This is
characterised by constant ‘firefighting’ activities by management.
Misguided command-and-control management approaches often treat all
operational units as if they are alike, imposing change from above. However, since
they are not alike in their primary activities, differences in rate of adaptation are
inevitable. Collaboration between Systems 2 and 4 is needed to ensure that
differences are managed and that fragmentation does not occur. Such differences
are often at the heart of failures of change projects as they are dismissed as evidence
of e.g. resistance or lack of commitment. However, change projects must recognise
a need to address requisite variety. Lack of uniformity of progress reflects this and
should be expected. In a viable system, changes need to be addressed in chunks
that are achievable in practice without loss of synergy. This will involve what
Hoverstadt (2011, p.116) describes as structural redundancy. If, for instance, a new
IT system is introduced, then it is unrealistic to expect those engaged within the
relevant operational units to (a) carry out their normal work delivering value, (b)
convert/transfer data from the old system to the new, and (c) learn how to use the
new system, without any deterioration in measured performance. Systems 2 and 4
activities need to address the resource and co-ordination issues involved in
balancing internal and external complexities through modelling of current and
future desired states of the whole system.
In practice, the relationship between structure and strategy is close and they are
linked in an evolutionary cycle. This is reflected in known and documented
problems such as ‘not invented here syndrome’. It is necessary for System 4 to be
designed so as to break this cycle, through active monitoring and gathering of
external business intelligence. It is here that problems can arise through
standardizing on ‘best practice’. While this activity can be fruitful it can also lead
to problems if that identified practice is then embedded in key processes, especially
if they are software driven as in Enterprise Resource Planning systems. What is
‘best’ is a reflection of a snapshot of the balance between operational and
environmental complexities at a given moment in time, in a particular
organizational system. However, disturbances in the environment require a flexible
response and that practice may not remain ‘best’ for very long, as these
disturbances impact upon the system. System 4 must be designed to cope with this
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potential paradox. It may be that System 4 activities may be used to draw in
customers, blurring the boundary between organisation and environment in a
process of co-creation of value. This has been seen, for instance, in the case of
aircraft manufacturing, but the scope for co-creative activities to enhance
organisational sustainability is growing, particularly in the context of Industry 5.0
initiatives, in which smart technologies enable mass personalisation of goods and
services (Özdemir and Hekim, 2018; Aslam, et al, 2020).
Again, interaction between the sub-systems making up the Metasystem in VSM is
required in practice. Perceiving environmental disturbances, making explicit
strategic gaps for the organization and opening up those gaps is the task of System
4, but closing those gaps is the province of System 3. There will always be a need
to maintain balance between Systems 3-4-5. It is in highlighting such interactions
that the model may be of most use to managers in maintaining organisational
synergy through continual change.
The last of the sub-systems making up the Metasystem relates to organizational
identity. System 5 is manifest in activities we tend to group under the heading of
governance. Clearly, a system that loses its integration and views of identity ceases
to be viable, since the tensions between management and operations, and between
operations and environment, are likely to become overwhelming. Its activities will
be unsustainable. System 5 is concerned with balancing variety among all of these
elements that would threaten synergy. While recognition of a need for synergy in
business improvement projects is not new, attention to development of System 5
activities is not always given sufficient attention. It is a feature of innovation and
change that organizational identity is not a ‘given’. In a dynamic environment, in
which transformation through innovation is contemplated in short cycles, the
question ‘what business are we in?’ must be asked frequently. The answer may not
be obvious. Take the example of American Airlines. In the 1990s, the airline
developed an on-line booking system for its flights. Later, it was able to develop a
new income stream by leasing the booking system to other airlines. Eventually, the
company gained more revenue from this leasing than from operating as an airline.
In a modern organisation, it is important that governance is exercised on behalf of
all stakeholder groups.
Conclusions
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This paper has highlighted the importance of a systemic perspective in approaches
to organizational change, including business improvement initiatives. It has
pointed out the importance of Ashby’s law of requisite variety for organizational
control and management and identified tensions arising from the degree of balance
in variety between management and operational units, and between operations and
the environment within which the organization’s identity ‘makes sense’. It is
suggested that the Viable Systems Model can be useful as a vehicle for reflection,
helping would-be improvers to maintain balance in the unfolding of complexity as
on-going change occurs. Recognizing that a culture of empowerment and readiness
for change is crucial to sustainability, communication must be effective both within
the organization and reaching out to wider stakeholders. Promoting learning, using
VSM as a mental model, can help an organization to avoid pitfalls of sub-optimality
and short-termism, both of which can threaten survival in the medium to long-term.
In order for the model to be useful, multiple iterations of reflection would be
required on a continuing basis. Furthermore, it is necessary to remember that viable
systems are recursive – every sub-system within a whole needs to be in balance
with its wider system. Such an approach, which focuses on balance, becomes
critical in a context of service delivery, since complexity within such environments
is potentially infinite. In an Industry 5.0 era, when customers are both demanding
and better informed about potential for mass personalisation of products, VSM
provides a vehicle for managers to contemplate variety both as risk and
opportunity.
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