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Systems
Thinking

Systems - “The Fifth Discipline”

1 Personal Mastery
– A commitment to your own and

other people’s development

2 Mental Models
– Reflecting upon and questioning

assumptions

3 Shared Vision
– “A force in people’s hearts”

4 Team Learning
– Teamwork

5 Systems Thinking
– A way of thinking about problems

that binds the other ingredients and
allows for real organizational
development.

Source: Peter Senge
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System
Thinking
Topics

• Cybernetics. Goal-Directed
Behaviour. Feedback and
Feedforward

• System Behaviour Patterns:
Invariants, Growth Curves,
Cycles

• System Dynamics

• Open and Closed Systems
Perspective. Environment

• Interventions
– Observing

– Disturbing

– Changing

– Predicting

Systems
Thinking
for Studying

Business and
Organizations

• Thinking of a business
organization as a system.

– A set of interacting parts.

– The whole is more than the sum
of the parts (synergy).

• Thinking of a business
organization as a system in an
environment.

– There are many complex
interactions between a system
and its environment.

– The system responds to its
environment, and may try to
shape its environment.

• Thinking of a business
organization as a highly
connected system.

– Change in one area may have
many effects elsewhere.

– Large connected systems manifest
complex non-linear behaviour

• Thinking of a business
organization as having “a mind
of its own”.

– The system doesn’t always follow
orders. Systems have an “identity”
that can be difficult to manage.
Systems can “learn”.
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Systems

• What is a system?
– Systems are everywhere.

– We often talk about systems as if they
were familiar objects.

– A system is anything we happen to draw a
boundary around.

– Difficulties of systems thinking: identity,
scope, purpose and perspective.

• All complex systems have to be
decomposed somehow, to make them
manageable.

– Wholes and parts are vitally connected.

• All systems are sociotechnical
systems.

• People perceive systems differently.
– Systems have many stakeholders.

– A system may itself be a stakeholder.

– Stakeholders have many intentions.

– Stakeholders attach intentions to systems.
Stakeholders make demands of systems.

– People evaluate systems relative to a set of
intentions. People identify and scope
systems relative to a set of intentions.

• Systems change
– In any systems intervention, scoping is a

highly charged and significant process.

System &
Environment

• Social System: Two or more social
actors engaged in a more or less
stable interaction within a bounded
environment (Talcot Parsons)

– Social systems are homeostatic -
they tend towards equilibrium over
time.

– Social systems maintain their own
boundaries

– Social systems can be regarded
cybernetically, as information
systems or input-output systems.

– Social systems involve symbolic
exchanges, e.g. of language, money,
influence or commitment.

• According to Parsons, social systems
are goal-directed, problem-solving
entities with four sub-systems

– Adaptation (A)

– Goal-Attainment (G)

– Integration (I)

– Pattern Maintenance or Latency (L)

• Many critics argue that Parson’s
version of systems theory has several
weaknesses:

– Cannot deal adequately with conflict
and change

– Makes conservative assumptions
about equilibrium and social stability.

• However, alternative versions of
social systems theory have been
proposed, which don’t share Parson’s
ideological premises. These draw on
such thinkers as Marx and Habermas.
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From Linear
Thinking to

System
Thinking

Linear Thinking

• We explain the linkage between
two events in terms of simple
one-way causality.  Thus A causes
B.

• We blame the boss for the
silence of the staff.

• We wonder if the boss intended
to reduce the staff to silence - this
was perhaps the hidden purpose.

• Important Note.  Linear Thinking is
not always wrong.  Indeed, it is often
very useful.  But it has some crucial
limitations.

System Thinking

• We explain linkage as mutual, complementary.
Events are part of a larger pattern.

– Is this a single event, or is there a history of
shouting//silence in the relationship between this
boss and these staff?

• Blame works in either direction.  If we blame the
boss for the silence of the staff, we may equally
blame the staff for the shouting of the boss.

– Blame may now cease to be a useful or meaningful
pattern.

• Intention cannot be read simply from outcomes.

– Sometimes useful insights can be gained from the
POSIWID principle - “the purpose of the system is
what it does”.  But POSIWID thinking has crucial
limitations as well.

A: Boss Shouts
At Staff

B: Staff Stays
Silent

3
patterns of

system
behaviour

Invariants

• Behaviour of the system
is adjusted to maintain
some variable at a fairly
constant level.

• Example: Car safety
equipment (such as seat
belts and airbags) simply
encourages people to
drive more recklessly, so
the level of risk is
restored to the previous
level.

Growth Curves

• Natural growth tends to
follow an S-shaped
curve. The shape of the
ending is similar to the
shape of the beginning.

• Example: Worldwide
annual production of
motorcars.

• Example: Lifetime
production of
symphonies by Mozart.

Cyclic Waves

• System behaviour goes
in cycles.

• Example: 56-year
economic cycles
(Kondratieff)

• Similar cycles are found
in meteorology and
ecology.

What mechanisms are capable of
creating these patterns?

What are the implications of
these patterns for management?

Source: Theodore Modis Predictions (Simon & Schuster 1992)
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Cybernetics

Feedback

• “Feedback is a method of
controlling a system by reinserting
into it the results of its past
performance.” [Norbert Wiener]

but why - what kind of control is this?

• “A system - organism, corporate
firm, computer program - spends
energy feeding the past back into
the present because this is an
economical way for the system to
deal with the future. To see into
the future one must see into the
past. A constant pulse of the past
along feedback loops informs and
controls the future.” [Kevin Kelly]

Feedforward

• Feedforward describes control
based on information derived from
the environment.

• For example, a marksman hits a
moving target by receiving and
interpreting dynamic information
about the position of the target,
and may use this information to
anticipate its future position.

• Feedforward does not itself form a
causal loop, although it may form
part of a larger causal loop.

Feedback

Positive
Feedback

Escalation /
Growth

Complementary
(Schismogenesis)

Symmetric
(“Arms Race”)

Negative
Feedback

Equilibrium /
Homeostasis

Oscillation

DivergingCyclicConverging

• Complex systems are typically composed of multiple
interacting feedback loops - some positive and some
negative.

• Converging oscillation is usually a good enough
approximation to equilibrium.

• Sometimes it can be hard to distinguish diverging
oscillation from genuine growth
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Oscillation

• Sometimes the effect of negative feedback
is to cause a system to oscillate between
two states.

• Example: whenever the heating system is
on, it gets too hot.  Whenever the heating
system is off, it gets too cold.  The system
is constantly switching itself on and off, off
and on.

• The effects of oscillation can be reduced by
damping, which reduces the sensitivity
of the system to the signal.  For example, if
the temperature has to fall by more than x
degrees before the heating is switched on,
the system will not respond to fluctuations
smaller than x.  This reduced sensitivity is
known as attenuation.

• In business, oscillation often occurs
when an organization is trying to
achieve two contrary goals, and the
balance of power is constantly
shifting between the two camps.
This can typically be explained by
the interaction between two
separate feedback loops.

• Oscillation may also be the result of
two or more opposing
mechanisms.

System
Dynamics

• The elements of a system have
states such as:

– Company order books are full or
empty

– Consumer spending is up or down
on last month

• Material and information flows
between the elements:

– Government spending on
unemployment benefit was £Xbn

– Inflation is predicted to rise next
year by Y%

• People put measures in place
to try to understand the state
of the system:

– M3 money supply

– Estimators on the size of the black
economy

• Causal links can be complex
and subtle:

– Consumer spending responds to:

• Weather

• National football results

• International news
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System Dynamics
Example

SmartCard
Takeup

Number of
Cardholders

Range of Card
Issuers

Average Card
Utilization

Number of
Card

Transactions

Average
Transaction

Value

Total Value
Throughput

Range of
Services
Available

ProcessInput Output

Simple
Feedback

Process control

• Take a simple input-process-output model

• Measure the output and compare with the
desired output values

• Adjust the input values to correct the output

• Feedback means information from downstream
in the process is fed back upstream

For example

• Ecological – population
of rabbits and foxes

• Mechanical –
thermostatic control of
a central heating
system

• Music – automatic
volume control – the
sound of rock

• Economics –
equilibrium of supply
and demand via price

• Social – expectations
on behaviour and social
sanctions

• Management – simple
measure and reward
systems
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ProcessInput Output

Gain and
delay

Gain

• The gain of a negative feedback
process is the scale of the version of
the output fed back into the input.

• For real feedback processes the
appropriate gain may not be obvious,
as it may not be possible to interrupt
the process to produce test
conditions.

Delay

• The second parameter is the
delay that is introduced
between the output and where
it is fed back into the input.

• Long delays produce instability
in the system so that it cannot
be controlled by this
mechanism.

• Medium delays delays produce
oscillation where the system
“hunts” around the desired
value for the output.

• Short delays give a smooth
response converging on the
desired output.

• For real feedback processes
the effects of delay period can
also be difficult to observe
clearly.

Information
flow

Control information

• Information about what has been
achieved in the output is fed back
to allow the process to be tuned

• Without this information no
learning or improvement can take
place over time

• The cost and energy involved in
feedback affect the efficiency of the
system

• In social processes the feedback
has to be interpreted

Issues

• Only reasonably linear
processes benefit from simple
feedback

• The statistics of measurement
on the output are crucial

• Distinguish single and double
loop learning in the process

• Discontinuities in system
behaviour may be more
important than the continuous
behaviour
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Positive
feedback

Increasing returns

• A small change is amplified, not corrected,
by the feedback

• Changes grow without limit until some
other factor intervenes

• Positive feedback is important in chaos
theory

• Positive feedback is as common as
negative feedback in nature

• Pairs of positive feedback systems can
oscillate between two unstable states

Examples

• Reversing an
automatic car

• Quartz watch and
clock mechanisms

• Lemmings

• Paradigm shifts

Goal directed
behaviour

Establish the goal

• Establish a set of measures or observations that
indicate progress towards the goal (or lack of
progress

• Do some work on and in the system that is
designed to generate progress towards the goal

• Check on what has been achieved against the
measures set up

• If necessary redesign the work or even the
measures

• Do some more work and iterate until you
converge on the goal

Examples

• Central heating
system

• Driving to
Rome

• Quality
Function
Deployment

• Programme
Management

• Managing the
economy
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Controlling
Systems

Useless Controls

• Control actions that only seem
to produce the required
behaviour

• Control actions that are
working against the logic of the
system

• Control actions that are
subverted by other actors in
the system

Subtle Interventions

• Adjustments or additions to
simple rules

• Adjustments to the set of
relationships

• Making the connections
between actions and system
purpose more transparent

Emergent
behaviour

• The behaviour of the system
cannot be predicted on the
basis of the behaviour of the
elements

– Can’t use reductive logic

– Can’t assign causes to parts

• Interventions in the system
have inherently unpredictable
outcomes

– Can’t produce closed plans for
change

– Can’t assign individual
responsibility for actions

• E.g. testing of medicines

– Each individual is genetically
unique

– There are unlimited
environmental factors

– There are unlimited behavioural
factors

– We don’t know the connection
between body and mind

“The basic rule of systems theory is
that, if you want to understand some

phenomenon or appearance, you must
consider that phenomenon within

context of all completed circuits which
are relevant to it.” (Bateson)

But is this
possible?
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Ecologies

Behaviour of ecologies

• Populations of different species
inhabiting same environment

• Each population specialises the
environment for each other
species

• Over time species adapt to their
environment, as specialised by
other species, thus changing the
environment

• Reaction to this change by other
species results in co-evolution of
species in a mutual dance

Systems insights

• Each system has enclosing and
interlocking systems

• Change changes itself

• Mechanisms of interaction can be
infinitely subtle

• Systems are dynamically stable

Price
Equilibrium

through
Market Forces

Supply

Demand

Price

–

– +

+

Using A Systems Model to Describe a Situation

• According to this model, the function of price in a market
system is as follows:

– It is an effect of a given relationship between supply and
demand

– At the same time, it is a causal factor influencing the
levels of supply and demand.

• Thus sometimes market forces have the effect of balancing
supply and demand, and stabilizing prices.

Understanding the Limitations of a Systems Model

• But sometimes differences in prices are not reflected in
changes to supply or demand.

– Elastic - responds strongly

– Inelastic - responds weakly, slowly, or not at all.

• Sometimes changes in supply or demand are not reflected in
the prices.

• And sometimes there is so much other stuff going on (market
turbulence) that the effects of market forces are obscured.
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Supply

Demand

Price

–

– +

+

Are
Organizations

Driven By
Market
Forces?

Pay Hypothesis

• Does paying
people more
money encourage
them to work
longer hours?

Planning Hypothesis

• Is the capacity of a
department controlled
dynamically by the
supply and demand of
work?

pay

effort

workload

processing
costs

capacity

workload

Self-
organisation

Order for Free

• Systems generate increasing levels
of order without external control

• Information is produced and
shared

• Maximum rates of generation at
the “edge of chaos”

• No organisation was ever created
to match a blueprint: people
always self-organise

Examples

• Auto-catalytic chemistry

• Cloud formations

• Mind

• Social animals such as bees
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Complex
behaviour can
be based on
simple rules

Flocks of boids
• Stay close to other boids

• Match the velocity of other
boids

• Avoid obstacles

Stock Markets
• Find a price that matches

supply and demand

• Exchange shares for money at
this price

• Publish the instantaneous price
to both buyers and sellers

What is the “purpose” of these
systems?

n.b. Boids are simulated birds that display
their behaviour as they cross a computer
screen. In this way the connection between
rules and emergent behaviour can be
studied

Is there a direct relationship
between “purpose” and behaviour?

Source: McCaughan & Palmer, Systems Thinking for Harrassed Managers

Open Systems
Perspective

• Open systems models show
dynamic relationships between
organization and environment

• Viability depends on
maintaining critical interchanges
between system and
environment

Sources: Emery, Miller, Rice, Trist.

• The open systems perspective
emphasises exchanges of
information and energy with
the environment.

• Boundary is regarded as
porous and may be diffuse

• Organisational meaning:
emphasising flexibility,
collaboration, consensus-
building  and authentic
communication.
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Two views of
systems

An organisation is neither open or closed. We can
study it from an open systems perspective or a closed

systems perspective and learn different lessons

Closed
Systems

Perspective

• Closed systems models involve
recursive patterns of feedback

• Viability depends on
maintaining identity and
stability

• Self-construction, “autopoiesis”

Sources: Bateson, Beer, Maturana, Varela

• In the “closed” systems
perspective, a system is
analysed in terms of its own
information and perspective

• Boundary is regarded as closed

• Organisational meaning:
emphasising stability, group
loyalty, security, clear
boundaries and tight controls
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