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§ 2.1 Introduction

In this chapter we introduce Ashby's cybernetics — a theory about the regulation of all kinds
of systems. Ashby’s cybernetic theory is fundamental to our perspective on organizations as
“social systems conducting experiments” because it provides us with the conceptual tools to
describe the “experimental arche” of organizations {see chapter 1). In particular, Ashby’s
theory on regulation enables us to arrive at a first description of organizations conducting
experimenis, making apparent (1) that the objects organizations experiment with — goals,
transformation processes, infrastructural parts or operational regulatory activities — are related
to three types of (organizational) regulation, and (2) how conducting such experiments should
be regulated itself. Moreover, because Ashby’s notion of regulation is intimately tied to the
survival of a system, his theory can be used to make explicit how conducting organizational
experiments is linked to the survival of an organization.

In his work, Ashby formulates the regulatory principles and methods that underpin orga-
nizing as an experiment and many currently popular devices supporting this experiment, In
his books ‘An Intreduction to Cybernetics’ (1958} and ‘Design for a Brain’ (1960} and in
many articles, Ashby systematically unfolds basic principles and methods of cybernetics that
are still at the corc of organizing and all kinds of fashionable management techniques ad-
vanced as ‘new’ in contemporary textbooks and journals (tike the Balanced Scorecard (Kap-
lan and Norton, 2001), Benchmarking ([.. ], [...I), or Total Quality Management (I...], [...])).
Particularly in ‘An Introduction to Cybernetics’ Ashby strives to develop these principles and
methods in a way that is as insightful as possible. For this reason, we focus on this book in
this chapter {(some excursions granted).

In his introduction to cybernetics, Ashby provides a conceptual articulation — rather than
an empirical description - of regulation. It is not his aim to empirically describe instances of
regulation that are tied to a particular embodiment, a particular place or time, The principles
and methods he lays down are truly general and certain. They provide a rigorous treatment of
all instances of regulation whether it is regulation in mechanisms, organisms (to which most
of his examples refer), organizations, or socicties.

To explain how we organized this chapter so as to treat Ashby’s cybernetic concepts, it is
helpful fo understand that regulating a system is, in essence, trying to influence its behavior.
That is, every ‘concrete syslem” we encounter — be it a car, a dog, some transformation proc-
ess, Or an arganization — shows particular behavior, and regulating it, in essence, means trying
to influence it in such a way that it behaves ‘propeily’. This also holds if some ‘system’, e.g.
an organization or human being, tries to reguldte itself. Based on this idea of regulation, at
least two requirements can be given: (1) a description of the (proper) behavior of a system,
and {2) based on this description, notions about how to influence the system’s behavior. These
two requirements fit Ashby’s description of the aim of cybernetics. He writes that cybernetics
hopes to provide “effective methods for the study, and control, of systems that are intrinsi-
cally extremely complex” (Ashby, 1958, p. 6). The study of complex systems (such as organi-
zations) entails arriving at a descriptiont of their behavior (in terms of what is labeled a
“Transformation™) and control has to do with influencing their (own) behavior — it has to do
with regulation. Accordingly, we discuss, in this chapter Ashby’s method for the study of
complex systems - i.e. describing their behavior (in section 2.2) and effective methods to



control {regulate) the behavior of complex systems (in section 2.3). Finally, we show (in
section 2.4) the relevance of the presented cybernetic concepts for understanding organiza-
tions as “social systems conducting experiments”.

§ 2.2 Cybernetics: effective methods for the study of complex systems

In this section we discuss Ashby's method for the study of complex systems. Above, we
gave a first description of regulation as influencing the behavior of some ‘concrete entity’.
This entails that we should ‘model’ the behavior of this entity in such a way that we can
understand siow it behaves in the first place, and how this behavior reacts to ‘influences’.
One could say that {at least) two kinds of influences on behavior (input) can be discerned:
“disturbances” — causing the concrete entity to behave ‘impropesly’, and “regulatory ac-
tions” - causing ‘proper’ behavior (by preventing or dealing with disturbances). A descrip-
tion of the behavior of a system shoudd take such influences (input) into account.

Moreover, in order to regulate a system, a regulator needs to find regularities in the
behavior of a system (and in the reactions of the behavior to disturbances and regulaiory
actions). If this behavior is completely random — influencing it with the hope of making it
behave propesly is impossible. Accordingly, a description of the behavior of some concrete
entity needs to show these regularities,

In all, the description of the behavior of some concrete system we want to study (and
regulate) should make apparent how a system behaves, how this behavior ‘reacts’ to distur-
bances and regulatory actions, and it should show regularity.

In this scction, we start with the conceptual devices, needed to describe the behavior of
any concrete entity (Ashby’s notions of “system” and “transformation™). Next, we move on
to regularity and input. Finally we describe Ashby’s famous “black box™ method — a proce-
dure to describe the behavior of some conerete entity and to determine whether this behav-
ior meets the criteria for regularity,

Deseribing behavior: “systems” and “transformations”
In its study of complex systems, cybernetics stresses their behavior. As Ashby puts it:

“Cybernetics treats, not things but ways of behaving, It does not ask “what is this thing?” but
“what does it do?” (Ashby, 1958, p. 1).

To study behavior, observers need to model it. To this purpose, Ashby introduces the
concept of system. He defines a system as a set of variables, *Variables’ arc features of
things' that, given some purpose, have {o be taken into account (Ashby, 1958, p. 40; 1960,
p. 15). The system is Ashby’s basic conceptual device to study behavior.
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Figure 1: things and systems

! Things represent the ‘concrete entities” of which we select variables to describe their behavior. In
the remainder of this chapter we will use the term ‘systent” to refer to the set of variables. The ‘thing’
to which these varables refer is indicated with several other terms {¢.g. ‘thing’, ‘concrete system’,
‘concrete entities’, ‘real system’ or ‘real machine”).



For instance, a manager may be interested in the ‘growth behavior’ of her organization. To
study this behavior, she may select ‘net profit’ and ‘number of employees’ as features that
have to be taken into account. Thus, a system is with two variables is defined: ‘net profit of
organization X* and ‘number of employees of organization X'. Given this system, the value
of its variables at different momeints in time can be determined. Ashby calls the set of val-
ues of the variables at a given moment in time, the state of the system. So, for instance, the
state {($10.000,- , 40) here means that, at a particular moment in time, the variable ‘net
profit’ has the value ‘$10.000’ and the variable ‘number of employees’ has the value ‘40°.

By measuring the values of the variables (the states) at different moments in time, it
becomes possible to study the behavior of a system. Behavior can be defined as the se-
quence of states of a system in the course of time.

A basic element in the description of behavior is the “fransition’. A transition “is speci-
fied by two states and the indication of which changed to which” {1958, p. 10), Ashby calls
the operand the state that changes to another. For instance, at time = t, an organization’s
inventory may contain 100 items: 60 items of product X and 40 of product Y. If we define
the system (o study the behavior of the organization’s inventory as “number of items of
product X” and “number of items of product Y” then the state of the system at time = t is
(60,40). Let this be state A.

All kinds of influences, Ashby calls them *operators’ {e.g. client behavior, deliveries of
suppliers), act upon this state and may cause it to change. The state into which the operand
changes is called the transform. If, for instance, due to all kinds of influences, the inventory
at the next moment in time {say one day later)® changes to 50 items of product X and 40 of
product Y — i.e. the new state (transformy) is (50,40). Let us call this state, state B.

The transition describes the change from operand to transform. In the example, transi-
tion T1 describes the change from state A at time = t to state B at time = t + 1 (table 1). In
the table, T1 is the name of the transition. The arrow indicates which state changes to
which.

Table 1 T1} | A (operand, state at time = t)
| B (transform, state at time =t + 1)

In the inventory example, the {vector) notation wouid be:

Table 1’ T1} I (60,40}
(50,40}

Given these definitions, we can start to study the behavior of the system. At time =t + 2 (two
days later), the state of the inventory system may become (40,40) — i.e. 40 items of both prod-
ucts. We call this state C. Now iransition T2 can be written as table 2:

Table 2 T2) B
C

At time = t + 3, the state may become (60, 40) - for instance because of the delivery of items
of product X, This is exactly the state we calted A above, so we can write table 3.

Table 3 T3} C
A

2 For reasons of simplicity and clarity, we abstract (tike Ashby) from continuous change and assume
At to be of constant value.




These results can also be written in the form of a series of transitions {see iable 4).

Table 4 l'n ‘1‘2 T3
A B |cC
B Jc [a

Now, suppose that an observer studies the behavior of the sysiem for a considerable period of
time. Afier a while he stops his observations and writes down the following series of transi-
{ions (table 5).

Table § T1 |12 |13 1 ™ JT5 |[T6 |T7 |18 |T9 |TIO
A B c A D B
B |c |a b 1 |A

If the observer supposes that this series adequately describes the behavior of the system, he
can abstract from the particular moments in time at which the transitions occurred and rewrite
table 5 in a conditional forin (see table 6).

Table 6 says that if the system at any momenl in time is in a particular operand state in the
top row (e.g. state A), then it will be in a transform state indicated below this operand the next
moment in time (e.g. stale B or state D). So, A transforms into B or D, B transforms into C,
etc. We will refer to a description of a system'’s behavior in terms of a conditional set of tran-
sitions by the term sransformation (cf. Ashby, 1958, p. 10).

Table 6 T} I A B C D E
[BorD C A  BorE A

It appears from the table, that operands A and D have two transforms, B and D, and B and E
respectively. Operands B, C and E have only one transform, C, A, and A respectively. From
this description, the observer can, for instance, infer that if the system at any moment in time
(say, t) starts in state B it will be in state C at the next moment in time (t + 1). If it starts in
state C, it will move to state A, and starting from state A it will move to either state B or state
D.

1t should be noted that it is a decision of the observer or regulator to suppose that some
series of transitions describes the behavior ‘adequately’ and can be taken as a point of depar-
ture for deriving a conditional transformation. Such decisions are based on experience with or
knowledge about the concrete system and always contain uncertainty. This means that the
resulting transformation is always an fiypothesis about how the concrete entity will behave.

To study the behavior of concrete entities, then, observers may define systems. Systems con-
sist of selections of variables that, given the purpose of the observer, have to be taken into
account, Using the system as a device, the observer can describe behavior as it occurs over
time in terms of transitions. By writing these transitions in a conditional form (a transforma-
tion), the observer can start looking for regular behavior. However, to be able to judge
whether regular behavior actually occurs, eriteria for regular behavior are needed.

Regular behavior and input

Using a set of variables (a system) an observer can describe behavior in terms of a transfor-
mation. However, describing behavior is not an end in itself. Behavior is described to enable
control. For regulatory purposes, the observer nceds to know whether the described behavior
is regutar or not. In Ashby’s words, “Cybernetics deals with ail forms of behavior in so far as
they are regular, or determinate, or reproducible” (Ashby, 1958, p. 1). So, the observer needs
criteria to determine the regularity of the described behavior or, as Ashby calls it, whether the



behavior is “machine-like” or not. Ashby derives these criteria from two distinctions regard-
ing transformations: open versus closed and single-valued versus multi-valued transforma-
tions.

Tn the case of an open transformation, there is at least one state in the transformation that
cannot act as an operand because no transform has been specitied for that state. In this case, at
lcast one element in the set of transforms is not an element in the set of operands. Trans-
formation ‘O (table 7) is an example of an open transformation.

Table 7 o, | A B C D
C D E A

In the case of transformation ‘Q’, iransform ‘T is not an element of the set of operands (A,
B, C, D} and so, after the occurrence of transform ‘E’ the next transform cannot be deter-
mined. Open transformations are unsuited for describing regular behavior, because for some
known states, the next state cannot be determined.

A transformation is closed if it is not open. In this case, all its transforms also appear as
operands in the transformation. All elements in the set of transforms are an element of the set
of operands. Transformation ‘C’ (table 8) is an example of a closed transformation.

Table 8 cl | B ¢ D
C B A

A
A

In the case of transformation 'C', the set of transforms {A, B, C} contains no element that is
not contained in the set of operands {A, B, C, D}. In this case, each one of the states in the
transformation can act as an operand because for all these states a transform is specified.
Closed transformations can be used to determine the next state for all the states that (are
known to} occur.

According to Ashby, the behavior of a system is regular if it can be described as a closed
transformation. The distinction between single-valued and multi-valued transformations en-
ables Ashby to specify fypes of regularity.

A transformation is single-valued if, “it converts each operand to only one transform”
(Ashby, 1958, p. 14). See table 9 for an example of a single-valued transformation.

B C

Table 9 st | D
B D A

A
A

A transformation is multi-valued if an operand does not always change to the same transform.
See table 10 for an example of a multi-valued transformation. In the example, D may
change into A or into C.

Table 10 Ml A B C D
{ AarB  CorD A AorC

If the behavior of some system can be described as a closed and single-valued transformation,
it is labeled a determinate machine, Given the operands of a closed and single-valued trans-
formation, its transforms can be predicted with certainty. Hence, the behavior of a determinate
machine can be predicted with certainty.

If the behavior of a system can be described as a closed and multi-valued ransformation,
it is labeled a markovian machine. The behavior of the markovian machine is described by a
“matrix of mansition probabilitics” (Ashby, 1958, p. 225). In the case of a markovian ma-
chine, the occurrence of a transform can only be predicted with a probability, For instance:
state A may change into B with a probability of .9 and into C with probability .1.

0



Until now, we only paid attention to changes in the values of the variables of the system,
defined to describe the behavior of some thing, Using these variables, we can describe change
in behavior, but we cannot yet account for the reasons of this change. One of these reasons is
that a system is susceptible to ‘input’. That is, there may be variables (that are no part of the
system that is used to describe the behavior of some thing) influencing the systemn’s behavior,
Ashby calls these variables parameters. Ashby defines input as the specific value of a pa-
rameler at a specific moment in time. Dependent on the input, i.e. the value of a parameter, a
system behaves in a particular way.

To describe the influence of parameter changes, Ashby introducesthe ‘determinate ma-
chine with input’. A determinate machine with input is a collection of determinate machines
sharing a set of operands. The value of the parameter is the input. The input specifies which
one of the determinate machines determines the behavior (Ashby, 1958, p. 44). Table 11 isan
example of a determinate machine with input,

Table 11 Ll | 8 70 60 50 40
P=20 | 70 60 50 40 60
P=40 | 70 60 50 40 80

In the example, the operands and transforms represent the number of products in stock at
some moment in time. The parameter P represents the order quantity. It can have two states:
20 or 40. Dependent on the state of P, the behavior of the stock differs. If P = 20, then the
transformation consisting of the first and second row of the table results. The behavior it
represents can be interpreted as follows: starting with a stock of 80 items, every time period
10 are sold and when it reaches 40, 20 items are added to the stock. If P = 40, then the trans-
forination consists of rows 1 and 3 — with a comparable interpretation.

Normally, a machine with input is given a name containing an index representing its pa-
rameter(s) {I, in the example). In this example, the machine with input contained one parame-
ter with onty two values. It is, of course, possible to have many parameters with many differ-
ent vatues as input.?

In sum, to be considered regular, the behavior of a system must be describable as a closed
transformation either with or without parameters (input). An observer searching for regularity
first determines whether the behavior of the system meets the criteria of the determinate ma-
chine or the machine with input. If the behavior of the system does not meet these criteria, the
observer has to be content with the statistical predictability of the markovian machine (with or
without input).

To study (and regulate) the behavior of complex concrete entities, a regulator should de-
fine a system (a set of variables) and should try to arrive at a transformation, describing its
behavior. To account for input, a transformation can contain parameters. Moreover, two crite-
ria have been given to determine whether the behavior, shown by the transformation, is regu-
lar. Given a system, parameters and crileria, it is, in theory, possible to describe the behavior
of systems in terms of a transformation and establish whether they show regularity, However,
on may ask how an observer should go about to describe in practice the behavior of a concrete
system. What is needed, then, is a procedure prescribing the steps an observer has fo take to
describe the behavior of a system, o assess whether this transformation is regular or not, and
to determine the type of regularity.

* In addition to determinate machines with input, there are also markovian machines with input. These
are composed of a set of markovian machines (sharing the same operands). The state(s) of the parame-
ter(s) determines which one of the markovian machines determines the behavior of the markovian ma-
chine with input.



A procedure to describe behavior and identify regularity
At the heart of the procedure for the identification of regular behavior is the famous ‘Black
Box’. According to Ashby everything that can be the object of study and manipulation is a
Black Box. The things we experience, manipulate, or study in everyday life, are all Black
Boxes. We experience their behavior in terms of relations between input and output without
reference to the * inner mechanism’ producing their behavior.

As we said before, whenever we encounter something we want to deal with, Ashby pro-
poses that we ‘model’ the behavior of this thing using ‘a system and a transformation’. That
is, we (implicitly) define variables to describe the behavior and we describe behavior in terms
of changes in the values of these variables. Moreover, if we want to manipulate (or under-
stand) its behavior we also have to define parameters that may influence it. In this way, we
describe the ‘thing’s’ susceptibility to input {among which ‘disturbances’ and our ‘regulatory
actions’). We may proceed by studying the behavior, given various changes in the parameter
values — a study that may lead to conjectures about regularities between input and output. This
study results in a final description of both the behavior of some thing and the effect of input
on this behavior: the transformation. Based on this transformation, we may try to actually
manipulate the behavior by (re) selling the parameter values.

Ashby stresses that while we try to establish conjectures and try to derive the transforma-
tion of the thing (the black box) we cannot open it to inspect its inner ‘mechanism’, The only
things we can do are manipulaling its input {parameter states), observing its behavior (the
output - the change of the state(s) of variables of the system). Because the inner mechanism of
the Box remains hidden {it stays in the dark, so to speak) the Box is called Black.

To give an example, suppose an observer wants to study and manipulate (regulate) the
behavior of company X (the black box). To this purpose, the observer defines a system, say,
the annual economic result of company X, to describe its behavior (its output). He also de-
fines as a parameter (input) the particular CEQ in charge. After some observation, the ob-
server writes down table 12.

Table 12 Ry} | Result >0 resuli <0
P=CEQ1I Result >0 result > 0
P=CEQ2 Result <0 result <0

Table 12 specifies the relation between the parameter {(input - i.c. the CEO in charge) and the
behavior (output) of the system (the result of the company). This relation meets the require-
ments of the determinate machine with input. If the observer is able to determine who is in
charge of company X (the input), and if the observer has enough ‘authority’ to change the
parameter value, (s)he can manipulate its annual economic result (the organization’s behavior
- the output),

One may ask how the observer has arrived at this transformation, showing regularity in
the relation between input and output of the black box? What is the procedure one has to
follow? The procedure for finding transformations describing behavior can be summarized as
an iteration of five steps.

Step 1. Select a purpose.

To study the behavior of Black Boxes, Ashby suggests that we work from some ‘main interest
that is already given’ (Ashby, 1958, p. 40). In other words, what is needed is that we work
from some purpose. In the example, for instance, the observer may want to understand and
manipulate the organization’s profitability.

Step 2. Define the system, the parameters, and the measurement interval.

Given the purpose, an observer has to select variables that define the system. The values of
the variables of the system (iis states) are the output of the black box. In the example, the
observer chooses to select the annual economic result of company X as the variable describ-



ing its outpui. At the same time, given the purpose, the observer can select relevant parame-
ters, The states of the parameters are the input to the black box. In the example, the observer
believes that the CEQ in charge influences the annual economic result - hence the parameter
‘CEQ in charge’ is selected. This parameter can be in either of two states ‘CEO 1 is in charge’
or ‘CEQ 2 is in charge’. Finaily, the observer needs to define the peints in time at which the
behavior is recorded. Suppose that in the example, the point in time at which measurement
takes place is December 31 at 24.00 hours of each year beginning in 1980.

Given the specification of the variables to measure the output of the Black Box, the pa-
rameters lo measure its input, and the points in time measurement takes place, it is possible to
record, “at each of a sequence of times the states of the Box's various parts, input and output”
(Ashby, 1958, p. 88).

Step 3. Record the behavior of the black box in terms of input and output.
Given the selection of the variables, parameters, and measurement points, the observer can
manipulate the input and observe the output of the Black Box. These manipulations and ob-
servations are recorded in a protocol. In the protocol, the observer records the values of the
input and the output at each of the selected points in time. Thus, the Black Box, “is investi-
gated by the collection of a long protocol, drawn out in time, showing the sequence of input
and output states” (Ashby, 1938, p. 88).

To illustrate how recording behavior works, we code, in our example, the parameter val-
ues ‘CEQ 1 is in charge’ as | and ‘CEO 2 is in charge’ as 2. The output states, company X’s
resulis, are coded in millions of dollars as follows:

A: outcome < -5;

B: -5 <outcome < ();
C: 0 <outcome < 5;
D: outcome = 5;

On the basis of observation, the observer records the following protocol (see table 13).

Table 1380 | *81 | “82 §°83 ‘85 186 ‘88 189 |90 | ‘0L |92

¥
[w=] V) Pt
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2
A

‘84 ‘87
CEQ 2 1 1 2 2 1 1 2 i 2 1 i 2
Output B C D B A B

Continued {*95 [96 {97 |98 {09 {*00 {0l {°02 1'03 |04 |05 {06 |'07 |°08 | ‘0%
CEO | 1 1 2 2 1 1 2 1 2 ! 1 2 2 2
Qutput C DI DI|B A{C]|DI|B Cl| B DID{B AT A

Step 4: construct a conditional transformation

To construct a conditional transformation, the observer needs (o re-code the protocol resulting
from step 3, and, if possible, simplify it. To do so, the observer collects, for each occurring
combination of input and output state, all the combinations that immediately follow it. This
results in table 14,

Table 14 I, — IDI1C2B;2B LD 1,D;|2A - 1,CGLG LG 2ZA
2B
L, — 2B 1D 2B LD 2B - 1L,G2A1C LD
2B8;2,B;1,b; 2B 2.B; 2,A; 2A; 1,G; 1,D;
2A

Using table 14, the observer can arrive at a transition-matrix presented in table 15 and its
simplified form given in table 16.




Table 15 R,} | A | B C I D
P=CEO1 C.C.C C,C,DP,CD D,C, D, D D,D,D
P=CEO2 A ABAAA B,B,B B,B,B,B,B

Table 16 Ry} A B C D

P=CEO1 C CorD CorD D
P=CEO2 I A AorB B B

According to Ashby, “all knowledge obtainable from a Black Box (of given input and output)
is such as can be obtained by re-coding the protocol; all that, and nothing more” (Ashby,
1958, 1.89). So, the protocol, and “nothing more”, is the point of departure for step 5.

Step 5. Establish regularities in the behavior of the black box (and iterate).

The conditional transformation, resulting from step 4 can now be used to establish the regu-
laritics in the behavior, described by the transformation. To do this, the observer compares the
resulting transformation to the criteria for regular behavior, In the particular case of table 16,
it appears that transformation Ry, is a closed and multi-valued transformation.

Depending on the kind of regularity found, the observer takes further action, If the trans-
formation is closed and single-valued, the observer can stop: based on this transformation the
behavior is perfectly predictable. If the transformation does not meel these criteria, the ob-
server may now follow four different strategies. The first two strategies use a protocol like the
one recorded in table I3 as their basis. Given a main interest, selected parameters, variables
and measurement points, the observer can search for another transformation that does meet
the criteria for determinate behavior (strategy A). The observer may decide to be content with
the transformation if it meets the criteria for markovian behavior (i.e. if the behavior can be
predicted with a certain probability) (strategy B). The other two strategies involve recording a
new protocol either because of the selection of additional paramelers, new variables or new
measurement points given the observer’s main interest (strategy C) or because of the selection
of another main interest (strategy D). Below, we discuss these strategies.

Strategy A. Given the protocol, the observer may redefine its results by means of abstrac-
tion. For instance, using the protocol, the observer abstracis from the particular state of the
result and only takes into account whether it is greater than zero or smaller than or equal to
zero {table 17).

Table 17 R, (abstracted) | result >0 result <0
P=CEO1 result > 0 result > 0
P=CEO2 result <0 resuft <0

The abstracted representation of transformation R, has the advantage that it meets the crite-
rion of the determinate machine with input. The observer can predict that if CEO 1 is in
charge, the result of company X will always become positive and if CEO 2 is in charge, it will
always become negative. It has the possible disadvantage that specificity regarding the values
of the output states is lost.

Strategy B. Given the protocol, the observer may also be content with statistical determi-
nacy {i.c. a Markovian machine with input). In this case, the observer uses the protocol to
determine the probabilitics of the occurrence of a particular outcome (table 18 shows these
probabilities which are based on table 15). Using table 18, it is impossible to predict the out-
put of the black box with certainty - but it can be predicted with a certain probability.
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Table I8 Ryl I A B C D

P=CEO1 C{p=1) C (p=0,6) or C (p=0,25) or D (p=1)
D (p=0,4) D {p=0,75)

P=CEQ2 A {p=1) A (p=0,8) B (p=1) B (p=1}
B (p=0.2)

Strategy C. It may be that the observer is both unable to find determinacy after applying
strategy A and discontent with the statistical determinacy resulting from applying strategy
B. In this case, it is possible to go back to step 2 of the procedure. Given the main interest,
the observer can add paramelers to the selected ones, select new parameters, select new
measurement intervals, and/or select new variables. Then the observer proceeds by drawing
up a new protocol (step 3), deriving a new conditional transformation (step 4), and analyz-
ing whether this meets the criteria for the determinate or the markovian machine with input
(step 5).

Swurategy D. Finally, the observer may go back to step ! of the procedure and select another
‘main interest’. For instance, the observer shifls his main interest from the organization’s
performance to the satisfaction of the organization’s employees, Now, the observer has to
work his way down from step 1 to step 4.

Strategy C and D turn the procedure for finding regular behavior into a cycle that can be
used to redirect the observer’s search for regularity. This cycle allows observers to explore
the world by looking for regularities that can be used for the purpose of the regulation of
the behavior of black boxes. Ashby contends that to find these regularities the observer in
principle needs no knowledge other than about the procedure and the protocol. The knowl-
edge produced in this cycle provides no insight in causal relations. It just reveals regulari-
ties in the input-output behavior of black boxes.

In this section we discussed how an observer can try to arrive at a description of the behav-
ior of some ‘thing’ or black box, capturing the regularities between input and output: the
transformation. Before we continue with a discussion about how these transformations can
be used to regulate complex systems in the next section, we want to comment on the use of
them.

In our daily lives we encounter all kind of ‘things’ we try to deal with. Yet, we seldom
explicitly construct a conditional transformation according to Ashby’s prescriptions, let
alone that we explicitly check whether it passes the tesis of closedness and single-
valuedness. However, in dealing with the black boxes of our daily lives we always implic-
itly have or build some model of how it behaves. Without such a model interaction with it
would simply be impossible. We use such models to predict and understand its behavior
and think about ways to interact with it. However, we also know from experience that many
black boxes behave unexpectedly — they behave in ways our models of them didn’t foresee
(in fact, we hold that our models of most black boxes cannot be perfect — see chapter 3). To
deal with this we can change our model of a black box — and see if this new model allows
for better prediction and interaction with it.

The use of Ashby’s theory, then, is that it (1} describes the necessary elements of these
models (variables, parameters, and their relation) ~ even though these models remain im-
plicit and are in practice imperfect, (2) makes explicit which steps are needed to build and
rebuild models of behavior, and (3) gives criteria for ‘optimal models’. This knowledge
may be used to diagnose problems in our interaction with all kinds of systems and it may
help us to anticipate problems and prevent them (see the next section). Moreover if we
explicitly model the behavior of systems, as we do in science, we should be aware of proce-
dures and criteria regarding the description of behavior. Ashby states that science can only
be about single-valued transformations: “science refuses to study other types [...], dismiss-



ing them as “chaotic” or “non-sensical” (1938, p. 41)*, This implies that a procedure to
arrive at single-valued transformations is at the heart of science,

In all, Ashby’s theory provides normative guidelines for the description of behavior that
should be used in science and can be used in dealing with problematic situations in our
daily lives — for instance in regulating organizations.

To illustrate the importance of Ashby’s notions about describing behavior for regulaiing
organizations, imagine some organizational process that is to be managed. Managing a
process implies knowledge about its desired resuit — often given in terms of output of the
process (i.e. in terms of variables like “number of products”, or “quality of products”). It
also implies knowledge about what negatively affects the output (disturbances like unmoti-
vated personnel; machines breaking down, etc.} and about how to prevent or deal with such
disturbances (regulatory actions like installing a rewarding system; or intensify machine
maintenance). In fact, all these situations imply a model containing {1) variables describing
the behavior of the process, (2) notions about desired behavior, and (3) parameters (distur-
bances and regufatory actions) affecting the behavior. In the course of managing organiza-
tional processes, then, every manager has to construct and use (and reconstruct) models of
their behavior — more or less explicitly. In other words, building models of behavior using
variables and parameters is at the heart of management.

§ 2.3 Cybernetics: effective methods for the control of complex systems

Ashby’s ideas about the siudy of complex systems are a first step to what is the central
theme of cybernetics: the “controi” of complex systems (Ashby, 1958, p. 195). As a first
approximation, “control of systems” can be defined as setting targets for the behavior of
these systems and realizing them.

The pervasiveness of control becomes apparent when we realize that, for example, the
division of the cells that constitute our body, the rhythm of our respiration, our movemenis
when walking, the choreography of the guests of a party, the agenda of a meeting, the selec-
tion of personnel in an organization, or the introduction of a new taxation, all involve that
targets are (implicitly or explicitly) set and realized. ‘Control’ manifests itself in many
different complex systems and it is the aim of this section to follow in Ashby’s footsteps
when he uncovers the principles and methods for effective conirol.

Given the main theme of cybernetics, the concept of ‘control’ should be thoroughly
explained. However, it appears that control can be seen in at least two different ways. The
first is to define control as some kind of ‘dealing with’ as we did above. In this case both
setting targets and realizing them is part of control. This interpretation of control is more or
less equal to most common sense ideas about regulation. Another way to define control is
to equate it with “setting the targets” when dealing with complex systems. Ashby seems to
do both. In introducing the topic of cybernetics (1958, pp. 1-4) his idea of control seems to
refer to ‘dealing with’ or ‘regulating’ complex systems - while in chapter F1 of his intro-
duction he reserves control for setting targets. In this chapter he also iniroduces the term
regulation - referring to realizing the targets sct by control. He explains: Once a controller
sets the target, the regulator has to take care of realizing it. A confroller is in complete con-
trol if, whatever the target, the regulator is always able (o realize it. So, the completeness of
control depends on the effectiveness of the regulator. Regulation and control are, in this
sense, intimately related: they are both necessary components of ‘dealing with complex
systems’.

At fisst glance, Ashby scems to disregard situations in which the occurrence of certain states is tied
to a probability — situations that are definitely studied by science. In these situations, Ashby adds,
“_..it is wanted that certain probabilities be single-valued [...this...] merely means that it is the
prabability that is the important variable, not the variable giving the probability” (1958, p. 40).
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To explain Ashby's ideas about methods for effective ‘control’ (i.e. for ‘dealing with
complex systems’) we divide this section into three parts. In the first part we explain
Ashby’s views on regulation by defining it, presenting different types of regulation, and by
discussing how the effectiveness of a regulator can be increased.

Given our discussion of regulation, we introduce and explain three instances of regula-
tion - control, design, and operational regulation - in the second part of this section, These
instances of regulation are Ashby’s counterparts of ‘strategic regulation’, ‘regulation by
design’ and ‘operational regulation’, which we discussed in chapter 1,

Finally, we discuss the notion of adaptive behavior based on Ashby's concepts.

Ashby’s views on Regulation: definition, types of regulation and requivite variety

Regulation! Ashby’s definition
A good starting point for discussing regulation is Ashby’s description of a (good) regulator:

“an essential feature of the good regulator is that ir blocks the flow of variety from disturbances
to essential variables” (Ashby, 1958, p. 201).

Before we explain what this description means, it is important to nolice that Ashby provides a
functional description, i.e. he specifies what a good regulator should do. The advantage of a
functional description is that it abstains from the specitic manifestation of a regulator. It states
the function of a regulator, regardless of its physical, chemical, psychical, or social appear-
ance.

To explain Ashby’s functional description of the regulator, examine the table below (table
19).

D[ A
B

[l =]
=

Table [9

This table describes the behavior of a machine with input. The system defined to describe the
behavior consists of one variable, which can have two states: a and b, Moreover, two parame-
ters can be discerned: D (with states A and B) and R (with states o and B). The states of sys-
tem, given the values of both parameter D and R, are given in the cells of the table. So, the
table indicates, for instance, that, whatever its previous value, if D = A and R = « then the
next state of the system will be a°.

In the table, a and b are possible states of a so-called essential variable. Ashby defines an
essential variable as a variable that has to be “kept within assigned (“physiological”} limits” if

® Using the previous transformation-notation, the notation for this system would be:

Thr 1 a h
D=A R=qo a a
D=B R=u b b
D=A R=8B b b
D=B R=58 a a

In the case of the particular system we use to explain regulation (i.e. the one appearing in table 19,
with two parameters, one essential variable, and system states being independent of earlicr system
states) the notation in the text is more convenient.



an organisin is to survive in its environment (Ashby, 1958, p. 197). The symbol for the essen-
tial variable(s) is E. Although Ashby's definition stems from biology, it can be extended to
other domains, for instance, 1o the domain of organizations. A more general definitiont of an
essential variable, that also suits the organizational situation, would be that it is a variable that
has to be kept within assigned lmits to achieve a particular goal (e.g. survivai).

From this definition we can see that essential variables always involve an element of se-
Iection that is related to a purpose. From the indefinitely many features of some concrete
entity, some are selected as ‘essential’ given a particular purpose. In some cases, the selection
of essential variables is not subject to choice. For most biological systems, essential variables
are fixed. For instance, for human beings both the variables ‘body temperature’ and ‘blood
pressure’ are fixed. That is, we cannot choose to leave them out of the set of essential vari-
ables, for our survival depends on them. In other cases, the selected essential variables may be
subject to deliberate choice, For instance, a firm specializing in information and communica-
tion technology may deliberately select the capacity to innovate as a variable essential for its
survival. In the final section of this chapter, we will address this issue of the selection of es-
sentiat variables in organizations in some more detail.

In the table we also find a D, standing for disturbances. Ashby defines a disturbance as
“that which displaces, that which moves a system from one state to another” {Ashby, 1938, p.
77). In the present context this means, that D can move the value of the essential variable
either from a to b or form b to a. D is, therefore, a parameter of the essential variables. In the
table its possible states are A and B.

Finally, in the table we find an R. R stands for regulator. The states (or moves) available
to regulator R are o and B. It is the task of the regulator to block the flow of variety from the
disturbances to the essential variables by means of acts of regulation. R, too, is a parameter of
the essential variables.

Now, in order to regulate the behavior of some ‘thing’, a transformation similar to the one
described in table 19 has to be available. That is, needed for regulation is a transformation
describing the behavior of a system of essential variables associated with the ‘thing’, given
the states of D and R.

Ashby uses the term variety to refer to the number of different states a variable can have.
The symbol for variety is V. For instance, referring to the table, the variety of the essential
variables is 2 {the essential variable has two different states, a and b). This can also be written
as V(E) = 2. Similarly, in the table the varieties of the disturbances V(D) and of the regulator
V(R) are 2. ’

Given these definitions we can explain what it means that a good regulator blocks the
flow of variety from disturbances to essential variables. To this purpose, the table should be
read as follows. If the disturbances take on a specific state, say A, the regulator selects a
move, say . The combination of A and o has as an outcome of regulation a state of the es-
sential variable, in casu a. There are in total 4 combinations of D-R values that all have as an
outcome a specific value of the essential variable. In general, a separate variable ‘outcome’
{0) can be introduced to refer to the values of the essential variables that come about after a
regulator has sefected a move, given some value of D. The set of different states it can have is
a subset of the set of possible states of the essential variables and, hence, it follows that V(O)
<V(E).

Now, let us see whether the regulator can keep the variety of the outcome (V{(0)) as low
as possible in the face of changing states of D.

First suppose that the regulator has only one move at its disposal, say o. Now, if D is in
state A and R is in state o, the outcome of regulation will be that E is in state a. That is, O = a.
And so, V(O) = 1 (we only have state a). If D changes to state B and R remains in state ¢, the
result of regulation will be that E changes to state b. O will be b, and hence, the variety of the
outcome increases from | to 2 (state a and state b).

In this case, the outcome is determined by the state of the disturbances. The variety of the
essential variable after regulation - V(Q) - is the same as the variety of the disturbances. The
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full variety of the disturbances ‘flows’ to the essential variables. In other words: no variety is
blocked. Thus, R, with only one move at its disposal, is noi a good regulator. In fact, it is the
worst possible regulator, for it blocks no variety flowing from the disturbances to the essential
variables.

Now, let us suppose that the regulator has moves o and B at its disposal. If I is in state A
and R is in state o, the result of regulation will be that E is in state a. The variety of E after
regulation — V(O) - is 1 (state a). If D changes to state B and if the regulator wants to keep the
varicty in the outcome as low as possible it should change the siate of R into B, producing
outcome state a. The variety of E after regulation — V(O) - remains | (state a). By selecting
its moves R can continuously produce outcome state a, whatever the state of D. In fact, what-
ever the state of D, R is always able to continuously produce either a or b as outcome. This
means that the regulator can always keep the variety of the outcome at 1. Apparently, no
variety is transmitted from the disturbances to the outcome, or, put differently, the value of the
essential variable does not change due to a change in D. R is a good (even a perfect) regulator.
R fully blocks the flow of variety from the disturbances to the essential variable.

Thus, we have found a general way to speak about regulators and their effectiveness,
Regulators block variety flowing from disturbances to essential variables. The more variety
they block, the more effective the regulator. The most effective regulator is the one that
blocks all the variety flowing from disturbances to essential variables. In this case, the regula-
tor can fully determine the state of the essential variable.

Given this description of a regulator, we can now also define regulation as the activity
performed by the regulator, That is, regulation is ‘blocking the flow of variety from distur-
bances to essential variables’, If the more general description of essential variables is used
(i.e. those variables that must be kept within limits to achieve some goal) then the purpose of
regulation is that it enables the realization of this goal. If the goal is the survival of some con-
crete system, then the purpose of regulation is tying to keep the values of its essential vari-
ables within the limits needed for survival, in spite of the values of disturbances.

Using the definitions and the table as a point of departure, we can now discuss different
types of regulation. Moreover, we can discuss the law of Requisite Variety as the principle
underpinning effective regulation.

Types of regulation

Above, we defined regulation as *blocking the flow of variety from disturbances to essential
variables’. According to Ashby, different types of regulation exist. Ashby distinguishes two of
them: passive and active regulation. If we take tabel 19 as point of departure and call that
which selects regulatory actions in the face of disturbances a regulator, we can explain the
difference between passive and active regulation

In the case of passive regulation there exists a passive block between the disturbances and
the essential variables (Ashby, 1958, p. 201). This passive block, for inslance the shell of a
turtle, separates the essential variables from a variety of disturbances. It is characteristic of
passive regulation that it does not involve selection. A passive block is pari of the regulation
table and ‘does its job® - the regulator does not select a regulatory move dependent on the
occurrence of a possibly disturbing event, for the block is given independent of disturbances.
Because no selection is involved, the passive ‘regulator’ does not need information about
changes in the state of the essential variable or about disturbances causing such changes to
perform its regulatory activity.

In the case of active regulation, the regulator needs to select a regulatory move. Depend-
ent on either the occurrence of a change of the state of the essential variable or of a distur-
bance, the regulalor selects the regulatory move to block the flow of variety to the essential
variables. Because it has to select a regulatory move, the active regutator either needs infor-
mation about changes in the state of the essential variable or about the disturbances causing
such changes in order to perform its regulatory function. Ashby uses these two sources of
information that wrigger the selection of regulatory moves to make an additional distinction
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within the class of active regulation. (Ashby, 1958, p. 219; Conant and Ashby, 1970, p. 92}
error-controfled and cause-controlled regulation

To explain the difference between error and cause-controlled regulation, we refer back to
table 19 (repeated in table 20).

R
o B
Dyl A a b
B b a
Table 20

This table was to be interpreted as ‘Given some value of D and R, the essential variable will
have some specific valug’. Ashby calls the mechanism producing the value of the essential
variable (given the values of the parameters DD and R); T (which stands for Table). Ashby now
acknowledges two fundamentally different ways in which the outcome is determined: error-
conirolled and cause-controlled regulation. Hrror-controlled regulation is characterized by the
following sequence of events: '

Att=1 R has some value

Att=72 D takes on a new value;

Att=3 the value of D (at t = 2) and the value of R (at t = 1} are input for T

Att=4 T determines the value of the essential variables (O} given the values of D and
R. This is an undesired value — E is outside its specified norm-values.

Att=5 Based on the fact that the changed value is undesired, R sclects a new regula-
tory move, That is, R takes on a new value.

Att=6 Based on the new value of R and the value of D, T determines a new value of
E, that lies within the specified norm-values.

In error-controlled regulation, regulatory moves are selected only after the value of an essen-
tial variable is changed. As Ashby puis it: this type of regulation “reacts to disaster” [xxxx].
The selection of a regulatory move is triggered by a change in the value of the essential vari-
able. Iis main goal is to repair the damage®,

The sequence of events characterizing cause-controlled regulation is:

Att=1 R has some value

Att=2 D takes on a new value;

Att=3 the regulator recognizes the possible threat of D if R’s state remains unchanged
and changes its state to one in which the new value of D cannot affect the es-
sential variables

Att=4 the value of D (at t = 2) and the value of R {at t = 3) are input for T

Att=5 T determines the value of the essential variables (O) given the values of D and
R. This is a desired value — E stays within its norm.

In this sequence, R selects a regulatory move before the new value of D can change the value
of the essential variable. Ashby: “R reacts to threal” [xxxx]. In the case of cause-controtled
regulation, the selection of a regulatory move is triggered by information about disturbances

5 It should be noted that if the cssential variable is moved beyond its limits, the concrete system to
which the essential variables refer should (by definition of the essential variables) cease to exits. If
not, the variables are not essential, To deal with this, Ashby suggests that “the states of the essential
variables lic on a scale of undesirability” (p. 224} — creating a non-lethal buffer-zone in which
regulatory action is required.
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threatening to displace the state of the essential variable. Before the state of the essential vari-
able actually changes, the regulator selects a move that keeps the state of the essential variable
constant. The main goal of cause-controlled regulalion is to prevent disaster, given the occur-
rence of some potentially harmful event.

We now have two basic types of regulation: passive and active regulation. Furthermore,
active regulation has been split up into error-controlled and cause-controlled regulation. These
distinctions are used to draw regulation-table 20a. The table shows the three possible ways of
dealing with disturbances discussed thus far; (1) by means of passive blocks, installed with
the purpose of blocking one or more distwrbances (independent of the specific occurrence of
some possibly disturbing event) more or less permanently (shaded areas), and (2) by means of
several error- and cause-controlled regulatory actions, made available to deal with ‘residual’
disturbances (i.e. the disturbances not blocked by the passive blocks: D,y to Dy). These regu-
latory actions have to be selected in the face of actual damage or threat.

Regulatory potential
Passive regulation Active regulation

Passive Passive Error-controlled Cause controlled

Block 1 Blockj | EC, | ... | EG: | CCi} ... | CCq
D
D,

D D,

Dy X
D, X

Table 20a: passive and active regulation

To illustrate these different modes of regulation, imagine a medieval knight on a battle-
field. One of the essential variables might be *pain’, with the norm value ‘none’. In combat,
the knight will encounter many opponents with different weapons all polentially threatening
this essential vaviable. To deal with these disturbances, he might wear suitable armor: a pas-
sive block, If a sword hits him nevertheless (e.g. somewhere, not covered by the armor), he
might withdraw from the fight, treat his wounds and try to recover: an error-controlled regula-
tory activity, directed at dealing with the pain. A cause-controlled regulatory activity might be
to actively parry the attacks of an opponent, with the effect that these attacks cannot harm
him.

To give a slightty move complex example, consider a computer virus entering a computer
system, damaging some files, If the essential variable is ‘damage to files’ and the associated
norm is ‘zero damage’, then, recovering the files is an error-controlled regulatory activity.
Removing the virus from the computer is an example of cause-controlled regulation (it is
meant to prevent damage and is selected given an actual possibly disturbing event - the pres-
ence of the virus), Note, that cause-controlled regulation dees not entail that the problematic
behavior did not occur. A virus-shield, installed on the computer, can be seen as a passive
block. If the shield has been instatled the viruses it blocks can, of course, not damage files,
Given a regulatory table it is easy to determine whether some mode of regulation is either
passive or active.

It is important to note that, here, we only discuss passive and active regulation, as far as
they appear in a table that has already been constructed and remains unaitered. Given the
table, a regulatory activily is performed, and this activity is either selected by a regulator
{active regulation) or not (passive regulation). It is, of course, also possible to deal with dis-
turbances by adding rvegulatory potential, i.e. by adding passive blocks, error or cause-
controlled regulatory actions to the table — thus altering it. For instance, actually installing a




virus shield on the computer means adding a passive block to the table. For now, the distinc-
tion between passive and active regulation as given suffices - we will discuss adding regula-
tory potential later in the text.

Cause-controlled and error-controlled regulation differ in three important respects: com-
plexity, effectiveness, and logical dependence.

Firstly, relative to cause-controlled regulation, error-controlied regulation is simple.
Unlike cause-controlled regulation, error-controlled regulation only needs the change of the
state of the essential variables as a trigger for action, Cause-controlled regulation needs con-
jectures about more or less stable relations between the occurrence of pacticular disturbances
and changes in the state of the essential vaviable. Given these conjectures and given a particu-
lar disturbance, the cause-controlled regulator can select a specific regulatory move.

Secondly, relative to error-controlled regulation, cause-controlled regulation can be per-
fect, In order to function, the error-controlled regulator is dependent on the actual occurence
of an error, a displacement from the state of the essential variable to another state. Unlike
error-controlied regulation, cause-controfled regulation does not need a change of the state of
the essential variable to function as an active block. It depends on a change of the state of the
disturbances and is independent of the actual occurrence of an error.

Thirdly, cause-controlled regulation is logically dependent on the occurrence of distur-
bances and errors. In order to establish conjectures with respect to relations between the oc-
currence of disturbances and changes in the state of the essential variables, these relations
somehow have to be observed. This means that error-controlled regulation can be used in the
process of the design of cause-conirolled regulation.

To sum up, Ashby distinguishes passive and active regulation. The nced for selection of a
regulatory move and the need for information to select this move are discriminatory for this
distinction. Passive regulation does not require selection, No information is needed. Active
regulation involves selection. It can be distinguished into cause and error-controlled regula-
tion dependent on the source of information triggering the selection of the regulatory moves.
This source of the information is either a change of the state of D {cause-controlled regula-
tion) ar a change of the state of E (error-controlted regulation).

Effective regulation: the Law of Requisite Variety

Ashby’s famous Law of Requisite Variety defines the effectiveness of regulators in terms of
the relation between the varieties of the disturbances D, the regulator R and the essential vari-
ables E. In his discussions of the Law of Requisite Variety, Ashby focuses on active regula-
gion. Because he is only interested in the relation between the varieties of D, R, and E, it does
not matter whether these (active) regulators are cause or error-controlled. To get started, we
return to the regulator of table 19 above (repeated in table 21).

R

o | B
D|IA|lal|b
Bl bl a

Table 21

We already saw that this regulator can completely block the flow of variety from the distur-
bances to the essential variables. R is a perfect regulator by Ashby’s standards.

Of course, regulation is more complex than can be described by means of a simple di-
chotomy between ‘no regulation® and ‘perfect regulation’. In the majority of cases, a regulator
blocks only a part of the flow of variety from the disturbances to the essential variable. In
these cases, the regulator is ‘more or less good’. Given this situation, Ashby asks whether any
“general statement can be made about R’s modes of play and prospects of success’ (Ashby,
1958, p. 204). :



To understand Ashby’s answer to this question, it is helpful to examine table 22,

R’

o 8

D | A a b

B b ¢

C ¢ a
Table 22

Tn this table, we see an essential variable that before regulation can take on three values: a, b,
and c. V(B) before regulation is 3. Moreover, we see a disturbance that has three possible
states: A, B, and C. V(D) is 3. Finally, the regulator has two regulatory moves al its disposal,
o and B. V(R) is 2. In table 22, it is casy to see that the minimal variety of E after regulation
{(V(0O), as we labeled this variety) that can be achieved by R’ is 2. This means that R’ is a less
than perfect regulator.

Given this performance of R’, the question becomes how R’ can be changed to improve
its prospects of success. To answer this question, look at table 23.

R’ improved
Table 23 o {8 1y
DA Ja |b |c
B b fc |a
C ¢ |a |b

In this table, regulatory move y has been added to the repertoire of R' By this increase in the
variety of the regulatory moves, R’ is now able to force down the variety of the essential
variable after regulation to I, which is below the minimum that could be achieved by the old
R’. By increasing the variety of the regulator, the variety of the essential variable after regula-
tion (V(O)) is reduced from 2 to 1.

The example of R’ is an instance of the Law of Requisite Variety. Ashby formulates this
Law as follows.

“Thus the variety in the outcomes, if minimal, can be decreased further only by a corresponding
increase in that of R. {...] This is the law of Requisite Variety. To put it more picturesquely: only
variety in R can force down the varety due to D; only variety can destroy variety” (Ashby,
1858, p. 207).

The exact formulation of the Law of Requisite Variety is:

IF V(D) is given and fixed, and
V{(E) before regulation is given and fixed, and
V(E) afler regulation {V(QO)) is minimal, but greater than one
THEN
V(E) after regulation (= V(O), the ‘variety in the outcomes’) can only be decreased by in-
creasing V(R).

In essence, this faw means that in the given circumstances, only amplitying regulatory poten-

tial will help in dealing with disturbances. Tt specifies, in a general way, how to increase the
effectiveness of regulators.
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Control, design and regulation

Above, we defined regulation as ‘blocking the flow of variety from disturbances to essential
variables’. Referring to essential variables as those variables that must be kept within limits to
achieve some goal, the purpose of regulation is to realize this goal (survival can be seen as
one of these goals). An even more general formulation is that the purpose of regulation is to
ensure that some concrete system shows ‘desired behavior’.

At the heart of the discussion about regulation was the regulation table. Regulation means
using the regulation table in a specific situation. That is, given essential variables and their
desired states; given possible occurrences of disturbances, and given the availability of several
regulatory actions, a passive block deals with disturbances and/or a regulator selects an error
or cause-controlled regutatory action with the purpose of ensuring that the essential variables
stay at or reach their desired states, For regulation, then, the regulation table is required.

However, implicit in the discussion thus far, is the question how this table is ‘constructed’,
With regard to Ashby’s theory, two additional activities can be introduced to deal with this
question: control and design. In (his section we discuss these activities and use them to arrive
at a method for dealing with complex systems’.

Controf

The first activity is ‘control’. If the purpose of regulation is to ensure that some concrete sys-
tem reaches some target, then this target should he set, For instance, referzing to table 23, it
may be that, to stay alive, states a and ¢ are unwanted. If some organism remains in a or ¢ too
long, it eventually dies. To stay alive this organisin has to maintain the value of the essential
variable at b. This is the target set for survival. Ashby calls that which sets the target, the
controller. Setting the target {control) entails sclecting the essential variables and the desired
values of the essential variables.

The controller is in complete control if it can select and realize whatever states of the
essential variable as its target. To realize the selected targets, the controller needs the regula-
tor. Dependent on the selection of the target by the controller, the regulator performs its task.
It ‘obeys’ the controller and atiempts to keep the state of the essential variables within the
margins of the target specified by the controller by selecting the ‘right’ regulatory moves.

Now, if the controller wants to be in complete control over the outcomes of the essential
variables, i.e. if it wanis to be able to select and realize whatever of these states as its target, it
needs a regulator that is able to produce the selected state irrespective the state of the distur-
bances. To this purpose, the regulator must be ‘perfectly’ effective. To quote Ashby,

“[...] the fact that R is a perfect regulator gives C complete conirol over the output in spite of
the entrance of disturbing effects by way of D. Thus perfect regulation of the ontcome by R
makes possible a complete control over the outcome by C." (1958, p. 214).

Therefore, regulation and control are not only infimately related in the sense that the regula-
tor ‘obeys’ the controller. They are also related in the sense that the completeness of the
control over the outcome by the controller depends on the effectiveness of the regulator.
The controller’s potential to continually produce whatever state(s) of the essential variables
as the target, depends on the regulator’s potential for regulation. Perfect regulators allow for
complete control, imperfect regulators admit only of incomplete control.

At this point it is useful to distinguish between two types of effectiveness of a regulator,
A regulator can be said to be ‘generally effective’ if it can realize whatever target the con-
troller sets. A generally effective regulator is a perfect regulator. One can also evaluate the
potential of the regulator to realize one or some of the goals a controller can set. The poten-
tial of a regulator to realize a specific goal can be labeled as its ‘specific effectiveness’. Of

7 Here, we start to deviate from Ashby’s theory — he doesn’t (reat control and design the way we do.
However, our use of them is thoroughly grounded in Ashby’s.
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course, general effectiveness entails specific effectiveness. In many (practical) situations,
however, one can be content with the regulator’s specific effectiveness.

What we have now, is a controller setting the target and a regulator attempting to produce
the corresponding states of the essential variables. Dependent on the effectiveness of the repu-
lator, control is more or less complete. If the completeness of control is at stake, it seems
crucial to have a regulator that is as perfect as possible. If we are only interested in a specific
target {or a set of targets) it seems crucial to have a regulator that is able to realize this (or
these) targets. Therefore, the question becomes, “How can we achieve this, how can we make
a regulator as (generally or specifically) effective as possible?” The answer to this question
amounls o providing the regulator with the means to deal adequately with relevant distur-
bances, i.e. to providing the regulator with an effective ‘regulation table’.

To this purpose we have to introduce another activity in addition to that of the controller
and that of the regulator. We call this activity design. The purpose of design is to select out of
the set of possible ‘mechanisms’, a ‘mechanism’ that maximizes the regulator’s potential for
blocking the flow of variety from the disturbances to the essential variables. That which per-
forms the design activity is called the desigier.

Design

To explain what design entails, we need to underline that the relation between D, R, and E
depends on all kinds of physical, chemical, organic, or social processes in the real world.
Dependent on these processes (we call them the ‘mechanism’} a particular relation between
D, R, and E emerges that can be expressed by a table. When designing for effective regula-
tion, the designer strives for setting the optimal relation between D, R, and E (and between
V({), V(R), and V(E)) as a goeal, and selects out of all the possible ‘mechanisms’, the
‘mechanism’ with the highest prospect of success in realizing this goal. A mechanism can be
described by a regulation table expressing the relation between possible disturbances, values
of essential variables and regulatory activities. And, because we wish to abstract from the
actual processes realizing this mechanism, we will, below, refer to the table as the ‘object’ of
design, In this way, it can be said that the designer ‘constructs’ or ‘reconstructs’ the regulatory
table.

In ‘An Introduction to Cybernetics’, Ashby focuses on explaining in cybernetic terms the
process of the design of a regulator. In our text, we do not want to go into Ashby’s technical
discussion of this process. We just want to concentrate on the question how we can enhance
the regulator’s prospects of success by means of design.

To answer this question, it should be kept in mind that a regulator deals with a given set
of disturbances in specific actual situations {by means of passive or active regulation) and that
the task of a designer is to provide a ‘mechanism’/table by means of which actual regulation
vis-d-vis a set of disturbances becomes possible. In other words, given some goal {a set of
cssential variables and their norm values), the designer thinks of disturbances possibly affect-
ing these goals (in general) and constructs a table, enabling a regulator to make sure that these
goals are met when confronted with specific disturbances. To construct an effective table, the
designer can go about in two ways:

(1) by decreasing the variety of disturbances (attenuation) and
(2) by increasing the regulatory potential of a regulator (amplification).

By constructing a table with a decreased variety of disturbances (attenuation), a designer
makes the regulator’s task less difficult. By amplifying regulatory potential — adding passive
blocks, error-controlled or canse-controlled regulatory actions — a designer also increases the
prospect of success of a regulator: for the table now includes more ways to deal with distur-
bances (amplification directly follows from the law of requisite variety: only an increase in R
makes it possible to decrease the variety in O).
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We now have two related criteria for selecting a ‘mechanism’ to increase the regulator’s
prospect of success. The selected ‘mechanism’ in the first place should decrease as much as
possible the variety of the disiurbances the regulator must face (attenuation) and in the second
place it should increase as much as needed the regulatory variety of the regulator (amplifica-
tion), At this point it is important to note that design refers to every new selection of a mecha-
nism. Phrased in terins of tables: it refers to constructing the {able (for the first time) and to all
reconstruciions of it {i.e. by means of adding new passive blocks or active regulatory activi-
ties or by means of removing disiurbances).

If we want to design ‘mechanisms’ for effective and efficient regutation, it is relevant to
emphasize the logical priority between these criteria. First, we should construct the ‘mecha-
nism’ in such a way that the variety of the disturbances is decreased as much as possible.
Otherwise, the regulator would face a larger than necessary variety of disturbances, which is
inefficient. Second, we should construct the *mechanism’ in such a way that the variety of the
regulator is increased as much as needed to black the variety flowing from D to E,

The resulting ‘mechanism’ (expressed by the regulation table) is ‘generally effective’ if it
allows for perfect regulation and complete control; it is specifically effective if it allows for
reatizing a specific target given all the relevant disturbances. Moreover, il is efficient if it adds
no regulatory moves beyond the point of either perfect regulation or specific effective regula-
tion. In this way, we are able to design ‘mechanisms’ realizing the [unctional requirement of
effective and efficient regulation and providing (complete) control over the outcomes of the
essential variables.

To summarize: based on an overview and understanding of disturbances that may threaten
the essential variables (set by control), the designer {1} removes disturbances, as much as
possible, and (2) selects passive blocks and error and cause-controlled regulatory activities to
deal with them. The designer constructs the regulatory table, to be ‘used’ by a regutator.

Given this explanation of design, we can understand that activities, performed with the
purpose of constructing or reconstructing the mechanism (table) are activities of a designer.
However, it can also be the case that some cause-controlled regulatory action has as an effect
that some disturbance is removed or, even, that regulatory polential is increased. Or, to put it
more generally, it can be that an activity has a cause-controlled ‘aspect’ as well as a design
‘aspect’, For instance, the knight from a previous example may kill his opponent in his cause-
controfled efforts to prevent damage. The effect is that this opponent is removed from the
table as a disturbance, In this case, an aclivity can be said {0 have a cause-controlted aspect (it
is meant to prevent damage possibly coming from a specific disturbance to the essential vari-
ables) and a design aspect (it changes the table, for a specific disturbance is removed from i),
The computer-virus example given earlier, also hints at an activity having both a cause-
controlted and a design aspect. It is possible to install a virus shield to prevent that a particu-
lar, currently active virus harms the files on the computer. Prevention with respect to this
particular virus is reacting to an actual threai (the cause-controlled aspect of the aciivity).
However, because the shield protects against many other viruses as well, (and against the
same virus in the future), installing the shield also means changing the table by means of
adding a passive block.

Therefore, it is important to note that the same activity can have a cause-conirolled as well
as a design ‘aspect’. The cause-controlled aspect entails dealing with an actual threat by pre-
venting it to do real damage. The design aspect entails that the activity changes the table.
Given a particular table, it is casy to determine these aspects. In order to have a cause-
controlled aspect, the activity should be contained in the table, and it should be selected in the
face of a particular, actual threat, Cause-controfled regulation always acts with respect to an
actual specific event, possibly disturbing the essential variables: it reacts to this event by
preventing damage. The design aspect manifests itself whenever the table is changed - by
removing a disturbance or by the adding regulatory potential.

A method 1o deal with complex systems
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With the design activity, we complete our listing of activities needed to formulate a method
for the effective control of complex systems, This method consists of the three activities,
control, design, and regulation.

The relation between these three aclivities is — in general - that without a target {essential
variables and desired values) sei by conlrol, it is impossible to design a mechanism realizing
these targets. In particular, it is impossible to (1) identify disturbances and reduce them and
(2) device regulatory actions. Given a designed mechanism (expressed by the regulation ta-
ble) a regulator selects and implements specific regulatory actions in specific circumstances to
deal with specific distarbances. So, without the designed regulatory actions, a regulator can-
not deal with disturbances. Tn other words; targets are needed for design, design is needed for
regulation and actual regulatory actions are needed to deal with specific disturbances in spe-
cific circumstances to reach the targets set by control.

Using the specifics of and the relations between control, design, and regulation, we can
now specify a method supporting the effective control of the behavior of complex systems,
This method consists of the following three steps in order of priority.

Step 11 control
Control sets the target, i.c. it specifies what the essential variables (E) are and which states
of E are desired states, Control is a sire qua ron for both design and regulation,

Step 2: design
By means of design, the designer constructs a mechanism embodying a more or less effec-
tive and efficient refation between D, R and E that can be expressed in a regulation table.
In constructing this mechanism, the designer should
A. First decrease the variety of disturbances as much as is possible (attenuation), and
B. Second, increase (he variety of the regulatory actions to the level needed to block
the remaining variety of the disturbances (amplification — by installing passive
blocks or providing active regulatory options}).

Step 3: regulation

In the case of passive regulation, disturbances are automatically blocked by the regulator,
In the case of active regulation, the regulator selects the regulatory actions needed to block
as much as possible of the flow of variety from the disturbances to the essential variable(s)
and implements them in order to keep the states of the essential variable within the limits
specified by control.

Given the design of the ‘mechanism’, the regulator more or less effectively blocks the
flow of variety from disturbances to essential variables.

Unfortunately, the term regulation has now become ambiguous — it can refer to “dealing with
disturbances, given a regulation table” (this is the interpreiation in step 3 of the method
above), and it can refer to the more general notion of ‘influencing the behavior of something’
— an interpretation of regulation we used earlier in chapter I and in the introduction of this
chapfer. We resolve this ambiguity by sticking to the latter interpretation of regulation, and
relabel the first as “operational regulation”. So, step 3 should read ‘operational regulation’.

The three-step method for regulating complex systems is at the heart of regulation in organi-
zalions. And, because organizational regulation and continuously conducting experiments are
iniimately related, the method also underpins the organizational experiment. In the sections
below, we therefore want to explain how this method underlies regulation and ‘organizational
experimentation’.

However, to understand how it underlies regulation and experimentation, it may be useful
to start with an illustration and elaboration of the method’s three different steps. Below, we
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will first provide this illustration. In the sections that follow we discuss how the method un-
derlies organizational regulation en experimentation.

An illustration of Ashby’s method: problem-solving as a series of ‘control’, ‘design’ and
‘operational regulation’ - activities
To iltusirate and elaborate Ashby’s three-step method it may be useful to think of the method
as a general model for solving problems. The association between Ashby’s method and prob-
lem solving is quite natural. A problematic situation may be considered as a situation in which
relevant variables do not meet their associated norm-values. Solving problems, then, is, essen-
tially, ensuring that relevant variables regain their norm-values.

To be a bit more precise, the following steps offer a ‘cybernstic’ (i.e. based on Ashby’s
method)} model! for dealing with problems:

Given some more or less articutated {actual or virtual) problematic situation:

(1) define a system whose behavior is associated with the problematic situation

(2) define norms for the variables of the system

(3) redefine the problematic situation in terms of systemic variables being outside their
norm-values (actual or virtual)

(4) Determine disturbances — events having a negative impact on the systemic variables
(That is: determine parameters, whose values have a negafive influence on the vari-
ables);

(5) Try to eliminate disturbances (attenuation) il possible;

(6) If the problematic siluation is not resolved; determine, for the remaining disturbances,
regulatory potential passive blocks, error- and cause controlled regulation (amplifica-
tion)

(7) Implement the passive blocks;

(8) If necessary, select and implement an ervor- or cause controlled regulatory activity

{9) evaluate the effect of the regulation on the variables of the system, and given the re-
sult either decide that the problem is solved or go back to previous steps.

This sequence of steps incorporates the three different steps from Ashby’s method. Steps
I and 2 cover the control activity; steps 4, 5, 6 and 7 are design activities (they construct the
regulation table by attenuation of disturbances and by amplification of regulation). Step 8
covers operational regulation: the designed table is used to select and implement active regu-
latory activities.

The sequence can deal with ‘actual’ problems (in which the values of the variables are
already outside their limits) and ‘virtual’ problems (in which variables may be disturbed if no
actions are taken). Actually resolving {actual or virtual) problems is taken care of in step 5 by
means of attenuation and in step 7 and 8, in which regulation is implemented.

Let's see how this sequence works ‘in practice’. Suppose that someone owns a lawn and
wants to keep it as smooth as possible. That is, the lawn should be without holes or bumps,
and, so, every mole or dog is considered as a threat and may call for action. In this example,
an actual problem occurs when the variables are outside their assigned limits (i.e. there are
holes or bumps). A virfual problem exists when no holes or bumps are currently present, but
may be expected (due to the possible entry of moles and dogs). To deal with an (actual and/or
virtual) problem a system should be defined (step I). The system in this case should contain
variables by means of which ‘smoothness of the lawn’ can be expressed. For instance, the
variables ‘number of holes’ and ‘number of bumps’ can be selected. To represent smoothness,
the norm for both variables can be set to ‘0’ (step 2). A problemalic situation can now be
defined (step 3) as the situation in which the value of one of these variables exceeds 0. Possi-
ble disturbances (step 4) may be (in this case) moles or dogs. Forcing all dog-ownes in the
neighborhood to move to another city (and take their dogs with them) or killing dogs are
(rather far-fetched) examples of altenuation, (step 5) for they remove the dogs as disturbances.
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One may also define (step 6) and implement (step 7) passive blocks that automatically block
the influence of disturbances on the essential variables — e.g. building a fence around the lawn
is an example of a passive block automatically taking care of the dogs as disturbances. To
actively deal with the (possible) effect of moles on the lawn, error- or cause-controlied activi-
ties can be defined (step 6). A cause-controlled action may be to place ultrasonic anti-mole
equipment every time moles are noticed in neighboring lawns. An error-controlled action is fo
flatten the surface after a molehill was produced. Trying to kill the mole (already present in
the garden) by placing a irap is also a cause-controlled activity — for it is meant to prevent
(further) damage. Actually selecting and implementing one or more of these actions, given
specific circumstances is step 8. For instance, it may be that molehills are spotted in the
neighborhood. Given this information, it may be decided to implement the ultrasonic anti-
mole equipment. Finally, the result of this action may be monitored and further action may be
required (step 9). It may be, for instance, that the equipment doesn’t work at all and that sev-
eral molehills appear. In this case new actions are needed (step 8) or may even have to be
designed (steps 5 or 6). The last step allows for iteration. Going back to previous steps can
mean that other operational regulatory actions may be chosen (step 8) or defined (step 6). It
can also mean that other disturbances; ways of altenuating them; different norms; or even
different systems (sets of variables) may be selected. Of course, going back to earlier steps is
also allowed in other steps of the sequence®,

The last step suggests that if a problem is solved (the desired values of the relevant vari-
ables are within their specified limits) — the sequence stops. This may not be true for all prob-
fems, Dealing with some problems may require a more continuous process of ‘problem-
solving’ in which (instead of being solved once and tor all) periods of ‘stability’ may be dis-
cerned, That is, periods of time in which the relevant variables have their desired values.
These pericds may, however, be disrupted, after which by means of the problem-solving
activitics a new period of stability is established.

As we said above, the sequence of steps, describing problem-solving incorporates condrol,
design and operational regulation. And, so, given this ‘translation’, we can refer to problem-
solving as a {continuous) process involving control, design and operational regulation, In the
course of dealing with problems, iterations between these three types of activities are possible.
This is indicated in figure 7, in which a sequence of control, design and operational regulation
activities regarding some problem is given. On the vertical axis, the three types of activities
are stated. A horizontal line in the graph at the fevel of some type of activity indicates that, for
some period of time, only activities of that type are carried out. A vertical line indicates a shift
to another lype of activity. To deal with a problem one has to start (implicitly or explicitly)
with a formulation of the problem (i.e. a definition of the problem in terms of essential vari-
ables being outside their desired values). This ‘controf period’ is indicated in the figure by the
first horizontal line on the left-hand side (under I). After control, design takes over and by
means of attenuation and/or amplification the regufation table is constructed (the horizontal
line under 2). Next, during a “period of operational regulation’ (the third horizontal line) one
tries to deal with the problem — by means of imptementing cause and error-controlled regulat-
ing activities.

% In fact, evaluation can be regarded as a continuous process, monitoring all the steps. It is however
always needed at as a Jast step.
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Figure 7. Control, design and regulation activities associated with problem-solving

In dealing with most problems, these three activities will probably be performed in this se-
quence (although one may refurn to control after design to change variables and/or norms}. In
the rest of the process of dealing with a problem, the three types of activities may follow each
other in many ways. One might say that each problem has its own specific history of control,
design and operational regulation activities — in terms of how conlrol, design and operational
regulation will follow each other, and, of course, in terms of the specific control, design and
operational regulation activities needed to deal with the problem.

To illustrate such a sequence, we may again refer to figure 7, and discuss what might
happen after an initial period of operational regulation (period 3). Suppose that, after some
time, it may turn out that, given the cuirent design, the regulatory actions are unsuccessful. In
such a case either more disturbances need to be attenuated or more regulatory actions should
be constructed. ‘This means that the table should be redesigned. In the figure, this is indicated
by means of a shift ‘upwards’ (from regulation to design), followed by a period of desiga (line
4). After such redesign-activities, operational regulation may start again (5). It can also be the
case that performing some regulatory action has the effect that disturbances are diminished,
For instance, one may place a mole-trap and discover that a mole is actually killed by it. The
regulatory action ‘placing a (rap’ can be considered as an action that is both cause-controlled
as well as an attenuating design activity (see discussion earlier). It can be regarded as a cause-
controfled action, for it deals with an actual disturbance and is meant to prevent further dam-
age. Tt can be viewed as an attenuating activity because it changes the regulation table — it
removes a mole as disturbance. In such cases, a shift from regulation to design also occurs.

Another possible shift between activities is that during operational regulation (or design),
the problem-solving instance comes to realize that the system was not chosen correctly (re-
garding the problem), This means that either variable-norms may be altered or that variables
may be changed or added. For instance, after several months of tiring anti-mole regulation the
lawn owner may (1) change his aspiration level and accept the eccurrence of some mole-hills
or even (2) come to realize that the real essential variable is his peace of mind - something he
hoped to achieve by means of a spotless and smooth lawn. However, his therapist may point
at other ways to realize this variable... In the figure only a shift upwards from regulation to
control is indicated (from 5 to 6). After such a shift, new control, design and operational regu-
lation activities may be needed (indicated by lines 6, 7, and 8).

For every problem: and every problem-solver such problem-solving graphs may be drawn
— each problem having its own specific history of conirol, design and operational regulation
activities. In this way a descriptive cybernetic theory about problem-solving can be con-
structed.” It is, however, not our intention to present such a theory. Our aim in this section is
to deepen our understanding of control, design and operational regulation by illustrating them

¥ For instance, Winograd and Flores, 1986; Beach et al: or Mintzberg et al, put forward theories about
problem solving and decision making that are closely related to the one described here. However, this
‘cybernetic theory on problem-solving’ probably needs several more dimensions to become a full-blown
descriptive theory (e.g. whether the activities are carried out implicitly or explicitly and whether the
problem sofver is an individual or a social system — compare XXxx)
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and discussing them in some more detail. This increased understanding helps us to describe
regulation of and in organizations using Ashby’s theory.

Ashby’s method underlies regulation in and of organizations

To see how Ashby’s method underlies ‘regulation in organizations’, we may refer back to
chapter 1, where we introduced organizational regulation in terms of ‘making sure that organ-
izational transformation processes are run correctly’. To do so, goals have to be set for them;
infrastructural conditions (from three classes: division of labor; uman resources and technol-
ogy) have to be designed for them, so as o ensure that these processes realize their goals, and
these processes have to be monitored in order to avoid and repair problems. It is not difficult
to see that this interpretation of regulation in organizations is, in fact, a straightforward trans-
lation of Ashby’s method: it describes dealing with organizational transformation processes in
terms of control (setting goals), design (providing infrastructural conditions — from the three
different classes) and operational regulation (inonitoring of and intervening in organizational
transformation processes). Figure 8 represents this translation.

Control Setting Goals

Designing infrastructural conditions
(1) Division of labor

Design (2} Human Rescurces
(3) Technology
Operational operational regulation
regulation t
— Realizing transformation processes —Yp

Figure 8. Regulation in organizations according to Ashby’s method.

In fact, many of the models available in management literature and practice are all instan-
tiations of this interpretation of Ashby’s method. One well known model (instantiating these
ideas) is the management model of Anthony {xxxx), who acknowledges three levels of man-
agement; strategic; tactical and operational management — roughly corresponding with con-
irol, design and regulation. Another model, often used in management literature is the ‘con-
trol-cycle'™ (see figure 9). In this cycle goals are set for the output of the mansformation proc-
ess. Given these goals, the output is monitored (the current state of the output is compared to
the desired state; the goal). If the gap between the two is problematic, actions are taken to
intervene in the transformation process (or with regard (o the input) in order to make sure that
the output witl, at some later moment, reach the goals set for it.

1% Many versions of this cycle exits in management literature; e.g. ‘planning and control cycle’, or the
‘plan do check acl’ cycle, ...
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Figure 9. The *control cycle’

Many versions of this model exist in management literature, as well as many interpreta-
tions of the nature of ‘regulation’ in this model — e.g. the critical success factor model
(Rockart, 1979); the Balanced scorecard {Kaplan & Norton); ... One might argue that it is not
difficult to find more examples of Ashby’s ideas with regard to what we would call manage-
ment. It is rather the other way round, it is difficult to imagine something we call management
and not to find something in it that has been discussed by Ashby in a general and comprehen-
sive way.

Therefore, instead of adding more examples, we would like to stress that underlying ali
these different models and interpretations of management in organizations is a perfectly gen-
eral model which can be deseribed in cybernetic terms. This general model deseribes regula-
tion as the function in organizations performing control, design and operational regulation
activities with regard to some transformation process.

In mapping Ashby’s method to organizational regulation, the translation of control and opera-
tional regulation seems relatively straightforward. However, the translation of design — par-
ticularly its result (a ‘mechanism’) needs some further elaboration: what is it that is designed
in the context of organizational regulation?

In Ashby’s method, design is said to ‘construct a mechanism that can be expressed by a
regulation table’. And, in our explanation of design, we abstracted from the possible physicat
and social embodiment of this mechanism. However, if we translate Ashby’s design to deal-
ing with organizational transformation processes, it becomes relevant to discuss the embodi-
ment of this mechanism in some more detail.

As we discussed in chapter I, designing ‘infrastructural conditions’ for some transforma-
tion process should resul in “an organizational structure (i.e. a network of tasks and responsi-
bilities), relating human resources and technological means in such a way that (1) the trans-
formation process can be realized and (2) the transformation process can be regulated opera-
tionally —i.e. monitored and intervened in”,

To give an example, if a the goal of a particutar transformation process is to produce a
wooden table, design should think of different tasks, relevant for producing a wooden table
and relate them into a ‘network of tasks’. Such tasks may be “sawing”; “drilling”, “assem-
bling”, or “painting”, These tasks may be defined and related in sequence and/for in parallel in
such a way that, if performed, wooden tables are actually produced. Once tasks are defined,
they should be assigned to human resources. For instance, each task may be performed by a
different person. Moreover, these human resources should know how to perform their tasks
and they should be motivated to do so. At the same time different tools and machines are
needed to realize (hese tasks. In this simple example, a descriplion is given of “a mechanism”
needed to realize (ransformation processes: a network of tasks relating knowledgeable and
metivated human resources and technological means.

To deal with disturbances influencing the realization of a transformation process, a similar
mechanism is needed. That is, to regulate organizational transformation processes, regulatory
tasks should be defined and related — e.g. “process-monitoring” or “maintenance and repair”,
And, similarly, such tasks should be assigned to knowledgeable and motivated personnel and
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they should be provided with the proper technological means (e.g. tools to maintain or repair
the equipment needed for sawing, drilling, etc.).

In short, the “mechanism” that is designed in the context of realizing and (operationally)
regulating organizational transformation processes consists of (1) a particular division of labor
(organizational structure) relating (2) competent and motivated human resources, and (3)
technological means (including tools and machinery). This type of mechanism was referred to
as an organizational infrasiructure (with respect to realizing and operationally regulating a
transformation process).

Just like Ashby prescribes in his method, designing an organizational infrastructure should
start with attenuating disturbances as much as possible, and proceed by amplifying regulatory
activities (i.e. installing passive blocks as well as error and cause controlled regulatory ac-
tions). Both attenuation and amplification can come about by (changing) a particular division
of tabor; a particular way fo manage human resources and a particular configuration of tech-
nelogical means.

To give an example of such regulation by design in organization, suppose that a manager
is responsible for some production-process in which 8 workers all have a different task. Fur-
ther suppose, that whenever a worker encounters a problem, (sjhe forwards this problem to
the manager and awaits further instructions. The encountered problems may be viewed as
disturbances for the output of the process — e.g. measured in terms of the average production
cycle time (the average amount of time needed to finish a particular product) for a particular
time period. That is, in this situation every problem encountered by a worker contributes to an
increase in the “average production cycle time”. The ‘designed mechanism’ in this example
consists of a particular division of labor (relating at least 9 different tasks), human resources
(a manager and 8 workers) and technological means (not mentioned). This ‘mechanism’ en-
ables the realization of a process and its regulation in a particular way, which can be ex-
pressed by a regulation table (e.g. the one drawn in table 30).

R
Manager deals with every
problem presented to her

P
Dp EV: average pat

Pa

Table 30

The essential variable in this table is the average produciion cycle time (e.g. measured per
week). Tf this variable is given a ‘desired’ value, it functions as a goal of the transformation
process. In this table p; stands for a problems of type i, encountered by an employee. Every
disturbance affects the essential variable. The regulatory action in the current situation is
error-controlled: a particular problem affects the average production cycle time negatively;
and dealing with it results in returning the average production cycle time to a (less un)desired
value,

As a designer, one may try to change the mechanism expressed by this “table’ — by means
of attenuation or amplification. This can be brought about by changing one or more of the
‘parts’ it consists of (i.e. the organizational structure; human resources and/or technological
means). A designer should select a set of measures regarding these three parts that, taken
together, atlenuate disturbances and amplify regulation,

Now, a designer can atienuate the number of disturbances by analyzing their causes and
trying to remove them. If a cause of some problem is, for instance, that employees lack spe-
cific knowledge to perform their task, training them might reduce the number of problems. In
a similar vein, it might be that some problems cccur, because some relevant information is not
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available. In this case, implementing an information system delivering the required informa-
tion may also reduce the number of problems. In this example a designer implements two
measures {one HRM-related measure: training, and one technology-refated measure: an in-
formation system) to attenuate disturbances. After atienuation, a designer can also enlarge the
number of available regulatory actions. For instance, an information system can be designed
that categorizes the problems encountered and helps in storing and generating suitable options
for dealing with them, This is an example of an error-controlled technology related regulatory
action: it enables the manager to deal with the problems more efficiently. Another example of
an extra measure may be that a weekly meeting discussing solutions for problems encoun-
tered in that week may be held, serving the purpose of learning about particular problems and
ways to prevent them, This is a cause-controlled structure-related measure: the tasks and
responsibilities of employees are enlarged (attending the weekly meeting) in order to diminish
the effect of an occurring future problem on the production cycle time (We assume, for the
sake of the example, that applying the measures preventing the problems do themselves not
lead to a serious delay).
By changing the mechanism, a new regulation table becomnes available:

Manager deats with prob- lnformait{i(m system for Weekly meeting
lem presented to her'! selecting solutions
D E; EV: average production cycle time
P,
Table 31

In the table, the number of problems dropped, because of attenuation and the number of regu-
latory actions increased due to amplificatory measures,

Implicit in the example thus far is that, by changing the mechanism, design should also
provide the conditions to select and implement the regulatory measures. The information
system, for instance has to be available; the manager has to know when it is useful to use it
and how to use it; the weekly meeting has to become a part of the tasks of the manager and
employees; the employees should be given the means to actually prevent certain problems. In
short, design should provide all necessary conditions to select and implement regulatory ac-
tions.

Adaptive behavior

In the previous sections, we discussed Ashby’s regulatory method and translated it into a
description of organizational regulation. In this discussion we introduced the control, design,
and operational regulation, with respect to some operational transformation, but we didn’t
discuss how these functions can be integrated into one concrete system — one concrete system
capable of performing all three regulatory activities itself.

However, if one is interested in the question how concrete systems manage to regulate
their own behavior in order & survive (like organisms or many organizations), one should
relate the regulatory and operational functions into one concrete system. Ashby’s theory pro-
vides several concepts such as self-regulation, adaptivity, and ultra-stability to deal with this
issue. In fact, one could say that it is by means of these concepts that Ashby’s cybernetics
delivers its most relevant contribution: it shows how adaptive behavior depends on a particu-
lar relation of regulatory and operational functions, Or, phrased in more technical terms: it

'! This regulatory action represents deafing with the problem without using the information system, the
second one includes the use of this system.
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shows how a (concrete ultra-stable) system is able to adapt (and survive) due to its ‘circular
organization’, In this section, we explain how these cybernetic notions can be used to describe
organizations as concrete systems, capable of regulating their own behavior in order to adapt
and survive.

To start this explanation, let’s consider a concrete entity consisting of an ‘operational® part
(producing behavior related to survival) and a ‘regulatory’ part aimed at regulating the opera-
tional part, Now suppose that this concrete system is able to perform by ifself control, design
and operational regulatory activities successfully and continuously. Performing these activities
by itself simply means that the concrete system can regulate its own behavior — it is capable of
self-regulation'?, Performing these activities successfully means that the goals are met (essen-
tial variables stay within their limits; or regain acceptable values). Performing them continu-
ously implies that it is possible to keep on (1) realizing the goals that are set, and/or (2) adjust-
ing these goals. Successful and continuous confrol implies the possibilily to adapt o changing
circumstances. Successful and continuous design and operational regulation means being
able to realize goals efficiently, over and over again.

Continuous, successful control, design and operational regulation then, entails the ability
to adapt. Successful, continuous regulation in organizations means that an organization is able
{o select and resclect relevant goals, ‘proper’ transformation processes and infrastructural
conditions to realize these goals and that it can perform adequate operational regulatory ac-
tivities vis-a-vis the selected transformation processes. That is, it can do so in such a way that
it is able to survive.

In chapter 1, we stated that regulation in organizations is faced with a fundamental uncer-
tainty — it is impossible to be sure about the contribution of the regulatory selections to sur-
vival. At the same time, it is impossible to foresee all environmental changes and, hence,
regulation in organizations entails, fundamemtally, the possibility to revise selections. Or, put
in the terminology of chapler one, it must be possible to perform the (regulatory) experiment
continuously, In fact, one may describe regulation in organizations as a particular {ongoing)
sequence of control, design and operational regulation activities - just as we described in the
section tying Ashby’s method to solving problems.

Based on Ashby’s notions experimenting in organizations can now be described as con-
tinwous self-regulation (in terms of control, design and operational reguiation), aimed at or-
ganizational survival. Now, actual organizational control, design and operational regulatory
activities are realized by a parlicular organizational infrastructure; i.e. by human resources
operating in a network of tasks and responsibilities, using particular technological tools. So, a
requirement for continuous self-regulation is a particular set of infrastructural conditions — see
also chapter 1. In figure 10 the relation between a particular set of infrastructural conditions
and self-regulation (as the capability to keep on performing CDR-activities by itself) is given.
This particular infrastructure should be part of the concrete organizationat system — for with-
out it CDR-activities are impossible. In fact: adaptive behavior crucially depends on this in-
frastructure.

2§t s possible to distinguish several forms of self-regutation based on the kind of regulatory activity
the system persforms itself, A concrete system might, for instance, be capable of performing onty
operational regulatory activities and ‘control’ its behavior, given particular goals and a ‘mechanism’
- e.g. a thermostat, At the other end of this self-regulatory dimension are concrete systems performing
all three regulatory activitics by themselves — such as organizations.
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Figure 10. Self-regulation {CDR-activities) requires a particular set of infrastructural condi-
tions.

Ultra-stability

Above, we introduced several concepts from Ashby’s theory to arrive at a description of self-
regulation in /of organizations. Ashby himself does not translate notions of adaptivity or self-
regulation to organizations. In his introduction to cybernetics, he is not so much interested in
(self-) regulation as embodied in particular concrete systems, but mainly in its general, func-
tional form™, Ashby treats self-regulation in terms of what he calls an ‘ultra-stable’ system. In
his discussion of ultra-stability, he shows how different parts of any concrete system ave to be
coupled in order to arrive at adaptive behavior. This results in a functional lay-out of adaptive
behavior, underlying — according to Ashby — all concrete instances of it. Because this func-
tional lay-out is important to understand self-regulation in organizations, we discuss the ulira-
stable system in this section.

To start our explanation of ultra-stability and how it is tied to CDR-activities, it is instruc-
tive to provide an intuitive account of adaptive behavior. Any adaptive system may be viewed
as ‘operating’ in some environment. This environment may affect the essential variables of
the adaptive sysiem (by means of all kinds of disturbances). In order to keep the values of
these variables within certain bounds, the system shows behavior {acting on changes) in this
environment. Now, if the values of the essential variables are within their bounds, there is no
need to change the ‘current mode of behavior’. However, if the values of the essential vari-
ables go beyond their limits, the type of behavior, obviously, should change - otherwise (be-
cause of the nature of these variables), the system dies. This basic layout of adaptivity is
drawn in figure 11 —and is already quite close to Ashby’s ultra-stable system.

 He does apply the idea of ultrastability to organisms — particularly in his book “design for a brain”
{19xx).
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Figure 11, Basic layouwt of adaptive behavior

In this basic layout, two feedback loops may be discerned. Given a particular type of behav-
ior, one feedback loop has to do with monitoring and adjusting this type of behavior ‘opera-
tionally’ (indicated with | in the figure). The other feedback loop goes beyond operational
monitoring and adjustment and initiates more radical changes — it initiates a change in type of
behavior (2 in the figure), The first loop occurs — roughly speaking — when the values of the
essential variables ave within bounds. The second is triggered by a change in their values,

Given the selection of a particular type of behaving, the first feedback loop takes care of
monitoring the environment and using this information to “keep on behaving” in this pariicu-
lar way. This loop involves all kinds of refatively small changes in our behavior to deal with
disturbances. For instance, if we walk down the street, our ‘walking-behavior® involves moni-
toring the street and adjusting our ‘walking-behavior® in accord with the input received. If we
see someone approaching us, we may simply step aside and continue our walk, One could say
that this kind of monitoring and adjustment is a necessary part of a particutar type of behavior.
And, as long as the essential variables stay within their limits, there is no need to change this
type of behavior.

The second feedback loop involves a change in values of the essential variables. IF these
variables go ouside their limits (that is: if they are seriously threatened) we may have fo
change our type of behavior. To illustrate this second loop, and how it differs from the first,
consider a dog, threatened by someone. The behavior of the dog previous to the threat was
disrupted and some essential variables were threatened. As a reaction it may start to run, and
thus alter its mode of behavior, It now shows *fleeing-behavior’ aimed at reducing the threat.
As a particular kind of behavior in an environment, this fleeing-behavior, in turn, is subject to
the first feedback loop: the dog should monitor and adjust its running in a particular direction.
Of course, this behavior should be given a chance to succeed, and afier a while, the effect on
the essential variables is monitored and the output may be used to change the mode of behav-
ior again. (Because the behavior should be given a chance, some delay in the second feedback
foop is necessary}. Now, if it turns out that the fleeing-behavior isn’t successful, that is, if the
threat to the essential variables is not reduced, the dog may suddenly attack its offender. This
new type of behavior is again (1) aimed at reducing threat, and (2) governed by a monitoring-
and adjustment feedback loop.

Given this basic layout, it is now relatively easy to show how conirol, design and operational
regulation are tied to adaptive behavior: these activities have to do with the nature of the
change of ‘relevant behavior’.

(%]
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To see how, suppose that for some concrete systen, a set of essential variables are already
given and that a “mechanism” has already been designed. That is, the concrete system already
has at its disposal several modes of behavior — consisting of a repertoire of passive and active
operational regulatory activities governing the operational ‘production’ of some output. In
organizations, this entails: a transformation process together with passive blocks, error-
controlled and cause-controlled regulatory activities, If we stick to the organizational situa-
tion, operational regulaiion can mean three things, Firstly, it can mean passively blocking
disturbances. Secondly, it can mean selecting a cause controlled regulatory activity in the face
of a disturbance, to make sure that the essential variables are not affected and the (ransforma-
tion process produces its output. And, thirdly, it can also mean selecting specific error-
controlled regulation. As long as this passive and active regulation occurs without the essen-
tial variables being disrupted too much - operational regulation can be said to belong to the
first feedback loop.

However, selecting a different ervor-controlled or cause controlled regulatory activity can
also be wiggered by a change in values of the essential variables. When certain regulatory
activities do not lead to success — and values of essential variables stay outside their bounds,
other operational regulatory activities may have to be selected, In such a situation, operational
regulation is part of the sccond feedback loop.

If the available set of operational regulatory activities does not lead to success or if suc-
cess is not to be expected, a more radical change is in order. In this case the system may ty to
redesign the mechanism — and stive for a new mechanism either attenuating disturbances,
anmplify regulatory potential or doing both, In an organizational context, this means redesign-
ing the infrastructure by means of which transformation pracesses ave realized and regulated
operationally.

If redesigning the infrastructure doesn’t help either — a final measure may be resetling
goals — i.e. change norms of cssential variables or change the variables themselves. This
measure, is, of course, regulating by control.

Figure 12 now displays the basic layout of adaptive behavior, together with control, de-
sign and operational regulation.

Environment
‘ l
behavior <4—  Operational regulation €——— QK <*—

A A

Operational regulation: selecting
<—

new EC / CC measures NOT OK
Regulation by design: attenuate / . |

amplify by ncw mechanism

Control: change essential <
» e
variables and/or norms

Figure 12: control, design, operational regulation and adaptive behavior.
The above layout connects operational behavior and three regulatory activities into a spe-

cific functional configuration. Any sysiem that embodies it, is, in our view, capable of adap-
tive behavior. Moreover, it also represents, in our view, a rough description of the order of
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dealing with disturbances, First, (ry to achieve stability given a particular set of operational
regulatory measures. Only if this doesn’t lead to success, or if there is no prospect of success,
then move on to redesign the mechanism, and as a last resort, change norms or even essential
variables, However, as we have discussed in the section on problem-solving, this is only a
rough approximation.

The layout also makes apparent that regulation is a continuous activity — at any time,
regulatory activities of all three types may have (o be performed, starting a new cycle of be-
havior and regulatory activity.

We started this section with the intention of presenting Ashby’s ulira-stable system — a func-
tional configuration relevant for self-regulation and adaptive behavior. By presenting the
above layout for adaptive behavior and by tying it to control, design and operational regula-
tion, we did provide such a functional configuration. It harbors ultra-stability — in the sense
that stability may be regained in either of the “spaces” defined by operational regulation;
regulation by design or control. That is: stability (essential variables within limits} can be
achieved in by operational regulation, regulation by design and/or control.

However, Ashby’s ultra-stable system is both more and less elaborated than the layout
given gbove, It is more detailed, because it provides a particular mechanism by means of
which new modes of behavior are selected: the so-called step-mechanism. Tt is less elabo-
raled, because he doesn’t explicitly include redesign or control into his basic model of ultra-
stable regulation!. For this text, we maintain our own version of ultra-stability and warn the
reader that it is only a version of Ashby’s model (see xxxx for more details),

§ 2.4 Organizations as systems conducting experiments
After an introduction of Ashby’s ideas about effective methods for studying and controlling
complex systems in sections 2.2 and 2.3 we will, in this final section, apply these notions to
the main theme of this book: organizations as systems conducting experiments, In the section
we intend to (1) give a short averview of Ashby’s main theoretical ideas and (2) discuss how
they can be used to describe the experiment,

A short overview of Ashby’s theory

Ashby sets out to build a theory about the study and control of complex systems. The object
of his theory is not a ‘thing’, but its behavior. Ashby provides concepts for the study (descrip-
tion) and control {dealing with) the behavior of complex systems.

1: Description of behavior

For an adequate description of behavior of some thing Ashby proposes the following proce-

dure:

1. Select variables.
Ashby calls the set of variables selected for the description of the behavior of some thing
the sysfen

2. Observe the changes in the values of the variables over time.
The set of particular values of the variables at some point in lime is called the sfate of the
system. The sequence of states is the behiavior of the system,

3. Use the observations of the behavior to construct a conditional fransformation
A conditional transformation is, in essence, a table describing the behavior of a system in-
dependent of specific moments in time. Whatever the state the system is in, a conditional
transformation can (ideally) be used to derive the next state. To construct conditional
transformations Ashby developed his ‘black box’ method.

™ He did include design into his theory of adaptive behavior in a different way (see, for instance
design for a brain). For this text, our ‘expanded’ model of ultra-stbility suffices.
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4. Check whether the transformation is adequate.
Two criteria can be given for ransformations: they should be closed and single-vatued. If
a transformation is closed then for all the states it contains the transforimation can be used
to determine the next state. If it is single valued the nexi state is unambiguously defined.
Observers should, in their effort to describe (and predict) behavior, seek out to arrive at a
transformation meeting both criteria.

In the discussion of the construction of the wransformation, it was noticed that the behavior
may be influenced by ‘environmental’ factors: input. Parameters were introduced to describe
this influence, That is, given the specific value(s) of parameter(s) at a specific moment in time
{or during some time period) the system behaves in a particular way. Some of the parameters
represent disturbing factors (causing the system to behave in an undesirable way) while other
paratneters represent regulative actions — actions under the control of a regulator, causing the
systemn to show desired behavior,

2: Dealing with complex systems

To deal with the systems we encounter in our daily lives (or in science) means that we set
targets for their behavior and try to manipulate them in such a way that these targets are real-
ized. Setting the targets was defined as ‘control’ and realizing the targets was defined as
‘regulation’. The concepiual heart of the discussion about regulation and control was the
following ‘regulation table’ with two parameters:

R
o B
bl A a b
B b a

Table 29

The table represents the effect of regulatory action (R} on the value of some essential variable
(E) in the face of disturbances (D). Regulation, then, can be defined as ‘ensuring that the
values of the essential variables stay within their prescribed limits’. If regulation is successful,
it is said to block the variety of the disturbances. That is, a change in the value of disturbances
does not lead to a (disruptive) change in the essential variables.

Ashby unfolds several ideas concerning regulation. One important observation is his law
of requisite variety — a statement about the relation between regulatory actions, disturbances
and essential variables. The law holds that “IF the disturbances are fixed AND if the variety
of the essential variables is minimal (and > 1) THEN the variety of the cssential variety can
only be decreased further by an increase in the number of regulatory actions (variety of R)".
An important corollary of this law is that in order to block the variety from the disturbances,
regulatory abilities should always match (be sufficient to deal with) the distwrbances. Ashby
also distinguishes several types of regulation. An important distinction is between error-
controiled and cause-controlled regulation. In the case of error-controlled regulation, the regu-
lation is triggered by a change in the essential variables (the error). Cause-controlled regula-
tion, on the other hand, is triggered by a change in the value of a disturbance.

The regulation table is an important conceptual device to describe regulation. However, in
order to actually regulate the behavior of concrete systems, this table should be constructed
(implicitly or explicitly) and used. To construct the table, two activities are necessary: control
and design. Control entails determining the essential variables and their norms. Given these
essential variables and their norms, design (1) determines disturbances and tries to eliminate
them as much as possible — attenuation, (2) defines regulatory potential {passive blocks, error
controfled regulation, or cause controlled regulation for dealing with the remaining distur-
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bances), and (3) provides the conditions for selecting and implementing actlive regulatory
actions by a regulator. Using the table means actually selecting and implementing particular
regulatory actions in specific circumstances. An important rule, guiding the design of regula-
tory tables is that one should start with eliminating disturbances as much as possible (attenua-
tion) and next, design regulatory actions to deal with the remaining disturbances (amplifica-
tion).

Given these notions about regulation, the last section introduced ‘adaptive’ behavior.
Concrete systems show adaptive behavior if their essential variables return to their acceptable
states if they are disturbed. Moreover, if these systems are able to perform control, design and
regulative activities by themselves it may be said thai they are self-adaptive. Finally, the ultra-
stable system was infroduced. This system models the behavior of concrete systems that are
self-adaptive Phrased differently, concrete systems embodying ultra-stability continuously
implement control, design and regulation activitics with the aim of maintaining their survival.

Using Ashby’s concepis fo describe the organizational experiment
In this section we want to explain that, viewed from Ashby’s cybernetic perspective, organi-
zations necessarily conduct experiments, In this way, we use all that was said in the previous
sections to describe organizations and explain how cybernetics can be used to study them.

To explain what this experiment entails, it is helpful to repeat the nature of the cybernetic
view of regulating organizations we discussed in the previous sections. In short, it means that,
in order to deal wilh problems in/of organizations, one has to:

{1} control: define the relevant variables and their desired values (set the goals);

(2) design: provide a mecharism, which can be expressed by a ‘regulation table’. By
means of this mechanism disturbances are attenuated and operational regulatory poten-
tial is amplified. In organizations, this mechanism harbors an infrastructure aimed at
a. realizing transformation processes and
b. regulating these transformation processes operationally

(3} regulate operationally: use the designed mechanism / regulation table, to ‘block the va-
riety of disturbances to the relevant variables’ — i.e. to select error or cause-controlled
regulatory actions and implement them in order to deal with specific disturbances in
specific circumstances.

Moreover, dealing with problems in organizations is a continuous process in which (1} goals
are set and reset; (2) disturbances can be attenuated and regulatory activities can be added
more than once; and (3) more than one regulatory activity can be selected and implemented,
The goat of this continuous process is survival.

For organizations this process is fundamental. In organizations one continuously adopts
goals, creates conditions and actions to realize them, and performs these actions so that the
goals are actually met. Moreover, in the course of setting goals and realizing them it may turn
out that {due to changing circumstances andfor insights) goals, conditions and actions may
have to be adjusted. And, because the ultimate goal of this process is to survive, it may be said
that organizations continuously translate and realize survival by means of control, design and
operational regulation activities — see figure 32.
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figure 32. The continuous process of translating and ensuring survival by control, design and
regulation

By referring to the control, design and regulation activities, organizations can be described as
self-adaptive unities — unities that, by themselves, by means of these activities continuously
aim at survival. This reasoning is only a rough summary of what has been said about self-
adaptivity in section 2.3.

In the course of surviving organizations face particular difficulties. First, the translation of
the ‘overall idea of survival’ into (a constellation of) specific variables and norms for a par-
ticular organization is not straightforward. And, second, the same holds for the design of a
regulation table and the success of its implementation. We will shortly discuss both related
problems.

For living organisms many of the essential variables are fixed. A human being cannot
‘ignore’, for instance, its body temperature or blood pressure as essential variables for sur-
vival, In a similar vein, the range of desired values is also more or less fixed for many of these
variables. Both these variables and their desired values have stabilized in the process of the
organism’s evolution and can not be altered freely. For organizations, this is different. Many
of the essential variables and their desired vatues are not fixed and, therefore, subject to
choice. For instance, a company producing information and communication technology may
choose its innovative capacity as a vaviable, essential for its survival. It does so, relaiive to its
understanding of its specific current and projected environmental circumstances and its own
competencies. For other organizations, this capacity may not be relevant at atl — again based
on an understanding of the specific circumstances. Given the choice of some essential vari-
able, the desired values also are subject to choice. In the example of the capacity for innova-
tion the variable first needs to be ‘operationalized’ - e.g. in terms of number of R&D employ-
ees or in {erms of the specific knowledge domains, about which expertise is needed. Given an
operationalization of variables at such a level that values can be attached to them, one has to
choose desired values. This, again, depends on an understanding of the specific current and
projected environmental circumstances of an organization and its own competencies. What is
the desired ‘number of R&D professionals’? What are the knowledge domains about which
one needs expertise? To determine these knowledge domains, one needs to develop an under-
standing of the effect of such domains for the viability of the organizations (in terms of other
operationalizations of it —e.g. in terms of a future market position, or profitability, or satisfac-
tion of the workforee, ctc.).

A similar argument can be given for the design and operational regulation, with respect to
the contingency of the elements appearing in it. In fact, the main argument is that in the
course of adapting to its environment (by means of control, design and regulation) organiza-
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tions continuously face uncertainty. The relevant variables, parameters and their values enter-
ing this process are not and cannot be known a priori and a posteriori with certainty. They are
contingent and there is no procedure for determining the ‘most’ successful ones. To be more
precise: this fundamental uncertainty manifests itsetf at three levels:

1. At the Tevel of control, the essential variables and their desired values are not a priori
known. A seleciion depends on an understanding of the current and projected envi-
ronmental circumstances and the organizational competencies.

2. At the level of design, the parameters and their values are contingent; That is,

a.  The current set of disturbances can not be known with certainty, for it depends
on our knowledge of the environment — which can never be complete.

b, The projected set of disturbances is contingent — many different futures can be
projected, giving rise to many different possible disturbances.

¢.  The set of attenuating and amplifying measures and their effect is also not a pri-
ori known,

3. At the level of design, the range of possible conditions enabling selection and imple-
mentation is not fixed. To give some examples, what is the relevant level of knowl-
edge to be expected from regulators? Or, How should selection and implementation of
the regulatory measures be embedded in the tasks of regulators?

4. At the level of the regulator, the selection and implementation of a specific regulatory
action is also not a priori fixed. It depends, among other things, on the regulator’s un-
derstanding of the specific disturbance and the projected effect of a regulatory measure
in the specific circumstances for a specific disturbance,

To sum up: if we follow Ashby’s cybernetic perspective on organizing, we see that in their
effort to survive organizations face an inescapable contingency (of the elements at the three
aforementioned levels). They are, hence, forced to select from the sets of elements (i.e. possi-
ble variables, desired values, parameters, their values, conditions, ete.) while the outcomes of
these selections {their contribution to the survival of the organization) is not a priori known. In
this sense, one could say that organizations are continuously (forced to) conduct an experi-
ments. In this experiment, essential variables, their desired values, parameters etc., can be
viewed as ‘hypothetic constructs’. That Is, in the experiment organizations hypothesize that if
the organizaiion selects these variables with these desired values it remains viable and if the
organization selects threse disturbances, these regulatory actions, these conditions for selecting
and implementing them, and if regulators in the organization are able to select the ‘right’
regulatory actions, given their understanding of a disturbances, then, the organization will
actually maintain its viability (as specified by the essential variables and their desired values).

Moreover, experimenting with the organization’s viability is a continuous process. It is a
process in which the organization can setect new variables, desired values, other disturbances,
other ways o attenuate and/or amplify them, select other conditions, cte, It is, in fact, a con-
tinuous process of ‘cybernetic problem-solving’ as we described earlier in this chapter: a
continuous process in which control, design and regulation activities are performed itera-
tively, with the aim of keeping the organization viable.

As we stated in the infroduction, this experiment is central in the cybernetic perspective on
organizing in the rest of this book. In this chapter we treated the basic cybernetic elements for
understanding the experiment, In the chaplers that follow we will elaborate on the nature of
this experiment (the rest of part I of this book) and discuss the necessary conditions for con-
ducting it. The nature of the experiment is claborated in the next chapter {in which the central
issue is the process of selecting variables, desired values, parameters, cte. and the role of
knowledge in this process) and in chapter 4 {(in which the experiment is presented as a social
experiment). The part I we discuss the conditions, necessary for organizing the experiment in
terins of required funcrions (chapter 5), structures (chapter 6) and fueman behavior (chapter
7.
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