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ABSTRACT

The purpose of the present project is to perform a
cognitive psychological analysis of the decision-
making process. The basis of the analysis is a di-
vision of the decision process into four functioné
one of which, called estimation, is in particular
supposed to be the factor that limits the complexi-
ty of the decisions one can make. The decision pro-
cesé itself is defined as a conscious, sequential,
purposive line of thought. It is assumed that this
can be adequately described by a cognitive\infor-
tion-processing system of limited complexity. On a
broader scale the purpose is to describe characte-
ristics of conscious thinking in general, e.g. pro-

blem-solving, attention, short-term memory, etc.
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THE PSYCHOLOGY OF RATIONAL DECISIONS

The cognitive approach.

It is a common observation that decision-making among
alternatives, each cf which consists of a number of subjec-
tively disparate attributes, is usually %ubjectively and
objectively non-optimal or even irrational. The aim of the
present paper is to try to describe a cognitive psychologi-
cal process-model for decision-making that can explain this
non-optimality or irrationality. The initial assumption is
accordingly that decision~making\can be made the subject of
an analysis in cognitive psychological terms (in the follo-
wing only called cognitive). This means that the label de-
cision will be restricted to situations where a decision-
maker (DM) makes a deliberate choice between two or more
alternatives. Consequently, behavior in situations where a
subject "chooses" an alternative without being fully aware
of the reason why, or without considering other alternatives,
will not be labelled decision-making. It may instead be cal-
led selection, intuitive behavior, performance of skills,
drive reductive behavior, acting, etc., where thg label ap-
plied will depend on the type of situation as well as on
the level of description chosen. This, however, is beyond

the scope of the present paper.

One implication of the cognitive approach is that only
individual decision—makin? will be taken into consideration.
Although there is a tradition for making a distinction be-
tween individual decision-making and decision-making by groups,
witnessed by e.g. the "risky-shift"-phenomenon (Blank, 1968),
the restriction to only individual decision-making is not re-
garded as a serious limitation. That is because the differen-
ces found between decisions made by an individual DM and by
a.group are believed not to reflect differences in the under-
lying cognitive processes, but rather differences in the na-
ture of the factors that influence the decision, as well as

in the kind of alternatives available. It is thus assumed
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that an adequate explanation of group decision-making will
be contingent on an analysis and explanation of the behavior
of the individual DM. .

Another implication of the cognitive approach is that
decision-making will be considered in a descriptive rather
than in a normative way. It is, of course, a natural thing
in psychology that one should try to describe human behavior
rather than to prescribe it. This seems, however, to be less
natural in decision theory. Although a strictly normative
approach has been abandoned in general, the spirit of it is
still remaining in the preoccupation with questions concer-
ning what the DM chooses and why he choooses it, as e.g. in
the 'theories of consumer behavior, rather than with questions
as to how the decision is made. As the aim of the cognitive
approach taken here is to describe only in what way the de-
cision is made; without considering what the alternati&es
might be, it is hoped that the ensuing model will be of a
quite general nature. In fact, the purpose of the project
may be described as making an analysis of the cognitive in-
formation-processing system, using the process of decision-
making as a basis for the analysis. By describing the.cogni—
tive system one also makes it possible to descriﬁe the way
in which decisions are made.

On a larger scale this project may be seen as a contri-
bution to the research on man-machine interaction in deci-
sion-making (e.g. Yntema & Torgerson, 1961; Shepmard, 1964),
in particular concerning the structure of the cognitive in-
terface. This application is, however, not accounted for ex-
plicitely in the pnresent paper.

Thinking and decision-making.

The cognitive approach implies in general that decision-~
making is regarded as a kind of thinking. One major feature
of the cognitive system is that it is made up of two larger
subsystem: A representational system which organizes and in-
terprets information about the state of the environment, and

an executtve system which guides the flow of thought. The ex-



ecutive system may in turn be described as being organized
at at least two levels: one that may be called the superor-
4 dinate executive system, and one that may be called the sub-
ordinate system (Anderson, 1975). Corresponding to these two

levels, one may distinguish between two kinds of thinking.
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One kind is conscious, straightforward, predictable, and
rather pedestrian; the other is confused, rich, productive
of novelty, emotionally charged, and generally beyond con-

sciousness.

"My thesis is that human thinking is a multiple activity. Awake

or asleep, a number of more or less independent trains of thought
usually co~exist. Ordinarily, however, there is a 'main sequence'
in progress, dealing with some particular material in step-by-step
fashion. The main sequence corresponds to the ordinary course of
consciousness. It may or may not be directly influenced by the
other processes going on simultaneously. The concurrent opergtions
are not conscious, because consciocusness is intrinsically single:
one is aware of a train of thought, but not of the details of se-
veral."

(Neisser, 1963, p. 8)
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Of the two kinds of thought, the latter is known only

by its products, which may enter into consciousness sponta-
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neously. Examples of this are associations, in wdrds or ima-

% ges, or names that have been at the tip of the tongue and

g which are suddenly remembered (e.g., Brown & McNeill, 1966).
The former kind of thinking is known not only by its products,
but also by the process itself; we experience that we are

e thinking. This kind of thinking may also be termed reasoning,
or analytical or directed thimking in contrast to mofe in-

tuitive or’'undirected kinds of thinking.

"Analytical thinking characteristically proceeds a step at a time.
Steps are explicit and usually can be adequately reported by the
; thinker to another individual. Such thinking p;dceeds with rela-
. tively full awareness of the information and operations involved.
: It may involve careful and deductive reasoning, often using mathe-
: matics or logic and an explicit plan of attack...Intuitive thinking
. characteristically does not advance in carefull, well-planned steps.
Indeed, it tends to involve manoeuvres based seemingly on an im-
plicit perception of the total problem. The thinker arrives at an

answer, which may be right or wrong, with little if any awareness
of the process by which he reached it."
(Bruner, 1960, p. 57-58)
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If one looks upon decision-making as a kind of thinking,
it is being characterized precisely by being a conscious, se-
quential, and directed line of thought. It has an explicit
purpose for the DM, and may thus in a way be described as
rational. It is, however, not the traditional concept of ra-
tionality, but rather what might be termed 'cognitive ratio-
nality'. It is rational in the sense that the person who ma-
kes the decision can explain the basis of his judgement, to
himself or to another person. The decision made is not the re-
sult of unconscious motives, needs, etc., but the result of
deliberate thinking and contemplations. Still, this does not
in any way preclude that the directed thinking that constitu-
tes the decision may be influenced by the undirected thinking,
that exists independently at the subordinate level. Neither
does it mean that the values assigned to the alternatives may
not have their origin in psycheclogical factors of an uﬁcon—
scious nature. We all know that even the most concentrated
and directed kind of thinking contains an element of unpre-
dictability, and may be temporarily thrown off the track by
a sudden impulse or association. These influences from the
undirected thinking must, however, Bot be so pervasive, that
directed and conscious thinking is made impossibie in effect.
If this happens, the individual will generally be maladaptive
in his way of thinking, and at times even crossing the border
of pathology.

One might believe that this influence from the undirected
thinking would be the reason why decision-making could never
be rational in a normative sense of the word. This is, however,
not likely to be the case. Instead, the main obstacle to ra-
tional decision-making is assumed to be that the information—
processing capacity of the cognitive system is too small, e-
ven for slightly complicated decisions; i.e. even if the di-
rected thinking could exist undisturbed, there would be ano-
ther, more narrow limit that would preclude rationality.

In conclusion, decision-making may be defined as a kind
of cqnscious, sequential,and directed thinking. It is also

rational in a cognitive sense, i.e. that the DM is able to ex-
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plain the basis of it and is aware of the step-bv-step pro-

cess followed in making it.

Funetions in the decision process.

In the preceding section decision-making was described
as a step-by-step process. This is not something that is pe-
cuiiar to decision-making; most, if not all, of the informa-
tion-processing that constitutes thinking, e.q. problem-sol-
ving, concept identification, etc. is described in this way .
The description of thinking as a series of distinct, inter-
connected functions has the advantage of highlighting the
basic functions and structures that form a necesséry part of
the process in question. The number and nature of the func-
tions may, of course, vary. In this project a description in
four functions has been chosen. The functions are 1) an‘ini—
tial structuring which selects a limited number of alterna-
tives for the DM, 2) an evqluation, where a subjective value
on one or more dimensions is assigned to each alternative,

3) a function of estimation or ‘judgement, where each alter-
native is compared to the others, resulting in either a com-
plete ordering of the alternatives or an unambiguous selec-
tion of the alternative with the highest value, Snd 4) an
action which carries out the consequences connected to the
alternative chosen. The four functions and the relation be-
tween them is shown in Figure 1.

Insert Figure 1 about here

The primary connection between the functions is shown
by the full line. This corresponds to what one might call
the time path of an idealized decision process (DP). It may
normally be necessary to assume that the relation may be
more complicated, so that the DP involved loops among the

functions. This has been -shown by the dashed lines. The to-



tal network may be seen as an expression of the fact' that it
may be quite possible to specify the functions that make up
a DP without being able to specify a particular course of ac-

tion that will invariably take place.

Function 1: Structuring.
By structuring is meant that part of the DP where the DM

tries to identify and select the alternatives acceptable to
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him. Other names that have been used for this function are de-

g

composition (Shepard, 1964) and choice limitation (Lethinen,

o,

1974). (From a psychological point of view it is evident that
this function cannot be the first stage in the DP. Before this,

the DM must have realized in some way that it is necessary for
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him to make a decision, i.e. he has psychologically accepted .
that he has to make a decision, and has by that become a DM.)

AP CE i R

It is important to include this function in the DP', be-

o -1

cause the DM will seldom know in advance what alternatives are,
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in fact, possible for him. From an analytical point of view,
there exists some set of alternatives MY which is in some sen-

se universal, i.e. common to all DMs. Of these alternatives
k
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the DM will only know some subset M EMu; the factors influen-

cing the selection of Mk are of course very important, but on-
ly rarely included in theories of deéision. They will be fac-
tors pertaining to the individual as well as factors pertain-
i ing to the particular situation where the decision takes pla-
: ce. There will also be some set of alternatives MaEMu, that
are acceptable to the DM. Again, the fadtors that determine

4 what is’ acceptable and what is not are to a large extent un-
known. Many preference-models assume that attitudes play an
important role, but do not explain why and how. (This task

is supposedly left for the psychologists to do.) Together
this will make up a set of alternatives that are both‘known
and acceptaple to the DM, and which may be termed the set of

available élternatives: M*=MkﬂMa.

WO S

It is assumed that even in the same 'objective' situa-
tion, e.g. in buying a car, the set M* will be particular to

each individual DM. Thus, it will be attributes of M* and not
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of Mu, or Mk, or Ma, that will be of importance for the DM.
Factors that determine the compositon of M* in real life may
be attitudes, values, needs, social norms, personality traits,
habits, expectations of role, level af aspiration, etc., etc.j;
the list is seemingly endless. In laboratory experiments this

function is bypassed by presenting to the DM a set of alter-
natives among which he has to choose. One may be tempted to
question the pertinence of such a set for the DM.

This selection of the set M* is in a way a judgement or
estimation of the alternatives on the part of éhe DM. It is,
on the other hand, different from a decision and may better
be called a filtering or a screening. The essential diffe-
rence is that it is not necessary for the DM to compare the
alternatives to each other, but only to some criterion of
subjective acceptability. This process may easily take place
as a sequential process, thus making only small demands to
the cognitive system. As shown by Lethinen (1974) this selec-
tion of the available alternatives may even take place by u-
sing only one criterion of selection, thus being a rather un-
complicated process.

Funetion 2: Evaluation. )

By evaluation is meant that part of the DP where the DM
assigns a value to each of the available alternatives. As a
result of the first function, one may assume that at some
point of time there exists for the DM a number of alterna-
tives that he can consider‘his, i.e. he has selected them.

It ig therefore fair to assume that he will be able to eva-
luate each alternative in some way, and also that he will
be able toi assign a value Eo each of them.

The concept of value naturally includes the concept of
dimensions and scales, i.e. the value is a value on some di-
mension or other. Much effort has been invested in trying to
describe a particular dimension, that of utility. The present
suggestion is that this may be a fundamentally wrong approach.
From the psychological point of view, each alternative can be

described by the DM on several dimensions and by a value for
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each dimension, e.g. a car may be fast, a girl may be beau-
tiful and bright, a painting may be abstract, small and very
expensive, etc., and usually it is also possible to describe
alternatives in relation to each other. There will typically
be more than one dimension, and although some of them may be
common to two or more alternatives, it should not be assumed
that they may be condensed into one single dimension. Thus .
the alternatives may normally be evaluated in an adequate way
only by means of multidimensional attributes , and it may be
considered very doubtful whether the dimension called utili-
ty exists as a psychological reality for the DM. How many of
us have, in fact, ever used it in our own decisions?
Fortunately it is not important for the descriptive a-
nalysis employed here to assume the existence of a single
dimension applicable for all the alternatives. It is suffi-
cient to assume that a value (which may be multidimensiénal)
can be assigﬁed to each alternative by the DM. It is of con-
siderably greater interest to try to analyze the way in which
this value is assigned. In some cases the DM may be able to
assign the value on the basis of experience only, e.g. when
the alternative is well-known to him. In many situaéions,
‘however, this is not the case, i.e. the consequeﬁbes of choo-
sing an alternative will be unknown or known with only a cer-
tain degree of certainty or probability. In cases like this,
the DM will often resort to trying to imagine what the con-
sequences, and thereby the value, of choosing a specific al-
ternative, might be. This kind'of strategy is well-known
from other areas, e.g. game-theory, or AI, and is kann as
an n-step look ahead strategy (e.g. Hunt, 1975, p. 246). The
advantages of the strategy-are many, but, alas, moétly on
a theoretical level. In practive, there are many obstacles
which severely limit the number of steps that may be taken
into consideration. One major problem is that the number of
possibilities increases at an exponential rate; another is
that there must be some effective way of keeping track of
what has been tried and what remains. This may be suggested

as an area where man-machine interaction may come to play a
significant role!
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In spite of these limitations, which may lead to a some-
what 'fuzzy' result, the strategy may be considered commonly
used. One way of doing this, suggested by Shepard (1964, p.
277), is to ‘'try out' various frames of mind until the DM
finds one which gives the least dissatisfaction. This is in
effect a sort of backwards application of Festinger's (1957)
principle of cognitive dissonance. The method is by nature
rather vague, but may be used in cases where more deductive
methods are unavailable.

Again, as was the case with the structuring, this eva-
luation and assignment of values is different from a proper
decision in that 1) it does not result in one alternative be-
ing the best and 2) it can be carried out as a sequential pro-
cess, without involving the comparison of one alternative to
another. It may thus be seen as a natural continuation of the
function of structuring, and may in fact be somewhat indis-
tinguishable from it. Even so, for the purpose of analysis,
it is considered important to isolate it as a function in

its own right.

Function 3: Estimation.

This function is in the present approach considered to
be the most important. By estimation is meant the mutual com-
parison of the alternatives by means of the values assigned
to them resulting in a clear preference of one alternative
over the others. It is thus by definition assumed, that the

alternative actually chosén was the one with the Highest va-

lue.

The fact that the comparison must be mutual implies, that
at some time, some or all of the alternatives must be dealt
with simultaneously. This, however, comes into conflict with
the limited capacity of the cognitive information-processing
system. This limit has come te be known as the magical num-
ber 7+2 (Miller, 1956), although the exact nature of this
limitation is rather much more complex, as will be evident
from a following section. It is not possible to avoid this

need for simultaneity by using a serial comparison, because

'
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this would demand something in the hature of an algorithm
which could guarantee that the comparisons were effective
(i.e. avoiding repeated comparisons) as well as exhaustive.
Not even with the help of an external memory device, e.g.
paper and pencil, would this be a feasible course of ac-
tion. And even if it could be employed, it would not com-
pletely make a'simultaneous comparison superfluous. This is
shown by the following example: Assume that the DM has to
choose‘between a set of alternatives M*=(ml, m, , m3,.¢.,mn)
and that there have to these alternatives been assigned va-
lues on three dimensions 4, B, and C, denoted by A(mi)=

a. B(mi)=8i, and C(mi)=yi. Thus, the value ¥V of alterna- '
tive m, may be expressed as Vi=(a., B., yi), and the value

i i
of alternative mj will be Vj=(u.J B

J 3’ Yj)'

In keeping with the assumption stated earlier, thaF the
three dimensions cannot be condensed into a single one, it
is a necessary condition for the comparison to be possible,
that the DM is at the same time conscious of these six va-
lues, and is able to compare them to each other. This con-
dition is aggravated by the fact that the values of the al-
ternatives will not be easy to remember, because they are
not easily recallable, like e.g. the letters of £he alphabet
are. On the contrary, they are values that must be kept in
the part of the memory called STM (Short-term memory) which
has a very limited capacity. It is well-known, that there
is no simpel way of voluntarily transmitting the contents
of STM into the permanent LTM. You cannot remember something
just because you want to. The DM therefore will have to keep
them all 'in the head' at the same time, so to speak, to be
able to make the comparisoﬁ. If this is not possible, and
one may assume that this is often the case, the DM will be
unable to perform the comparison as intended, and will thus
be unable to reach the proper decision. This means, that the

decision will not be optimal, not even by the standards of
the DM.
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"Many practical decision problems require that a choice be made
among alternatives, each of which consists of a number of subjec-
tively disparate attributes. But, after a choice of this kind

has been made, the decision maker sometimes comes to the reali-
zation that this particular choice was not the best one even by
his own subjective standards. One source of the subjective non-
optimality of such decisions seems to be man's demonstrable
inability to take proper account, simultaneously, of the various
component attributes of the alternatives..."

(Shepard, 1964, p. 257)

The analysis of the limits of the cognitive system that
has to carry ot the function of evaluation will therefore be
the focus of this project. It is, however, also of great im-
portance to consider what courses of action (strategies) the
DM may resort to, to get out of the conflict. The general
aim of these strategies will be to simplify the situation in
some way, hopefully without loosing important information.

It is, however, very little that is knowh in connectioﬂ with

this, although a similar phenomenon, called information over-
load may be of some relevance here (Miller, 1960). It will

be of great importance for any descriptive theory of decision
to be able to account for the behavior of the DM in this si-

tuation, as this may be the cause of the 'irrationality' of

2 \
the decision.

Fucntion 4: Adetion.

The concept of action is often left out of theories of
decision, presumable because it takes place after the deci-
sion has been made:. It is, however, very important to inclu-
de the action iﬁ the DP, because a decision must, almost by
definition result in an action on the part of the DM.

Of direct importance is the fact that thé action will
lead to a post hoe evaluation of the alternative chosen, and
thus be of relevance for future decisions. If the DM realizes
that he has made the wrong decision, he may either do it all
over again, using the new information, or try to explain it
away by 'sweet lemon thinking', as assumed by the theories
of cognitive dissonance (e.g. Abelson, 1968). This may be

of considerable importance in the long run, as it may lead



Y

¥ B

pe

ST

A

B8y MR R,

b e h ki b,

iyl o i 1

“"Many practical decision problems require that a choice be made
among alternatives, each of which consists of a number of subjec-
tively disparate attributes. But, after a choice of this kind

has been made, the decision maker sometimes comes to the reali-
zation that this particular choice was not the best one even by
his own subjective standards. One source of the subjective non-
optimality of such decisions seems to be man's demonstrable
inability to take proper account, simultaneously, of the various
component attributes of the alternatives..."

(Shepard, 1964, p. 257)

The analysis of the limits of the cognitive system that
has to carry ot the function of evaluation will therefore be
the focus of this project. It is, however, also of great im-
portance to consider what courses of action (strategies) the
DM may resort to, to get out of the conflict. The general
aim of these strategies will be to simplify the situation in
some way, hopefully without loosing important information.

It is, however, very little that is knowh in connectioﬂ with

this, although a similar phenomenon, called <nformation over-
load may be of some relevance here (Miller, 1960). It will

be of great importance for any descriptive theory of decision
to be able to account for the behavior of the DM in this si-

tuation, as this may be the cause of the 'irrationality' of

. . LY
the decision.

Fuention 4: Action.

The concept of action is often left out of theories of
decision, presumable because it takes place after the deci- '
sion has been made! It is, however, very important to inclu-
de the action ih the DP, because a decision must, almost by
definition result in an action on the part of the DM.

Of direct importance is the fact that the action will
lead to a post hoec evaluation of the alternative chosen, and
thus be of relevance for future decisions. If the DM realizes
that he has made the wrong decision, he may either do it all
over again, using the new informatioh, or try to explain it
away by 'sweet lemon thinking', as assumed by the theories
of cognitive dissonance (e.g. Abelson, 1968). This may be

of considerable importance in the long run, as it may lead
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to a change in the personality of the DM. Cognitive disso-
nance has been a field of intense psychological interest, |
and much research has taken place, yet only rarely connec-
ted to decision theory. In this project it assumes a minor
role only, although the importance of it is not denied. It
is generally considered more a subject for social psycho-
logy than for cognitive psychology.

Memory requirements in decision-making.

As has been obvious from the preceding sections, a point
of major importance to the cognitive analysis is to what ex-
tent the DP is dependent on memory. It is here necessary to
refer to a distinction between two types of memory. The first
type is STM (Short-term memory) which is a transient memory
of very limfted capacity; information in STM is kept alive
by an active rehearsal and would else decay in about % minute.
The capacity of STM is usually taken to be 7-10 units (often
called 'chunks'). The other type is LTM (Long-term memory)
which is of virtually unlimited capacity and of a much more
permanent character. Material may usually be transferred from
LTD to STM at will, provided that is is stored appropriately,
which is in phenomenological terms equivalent to 'saying that
it is known to us. Material cannot be transferred from STM
to LTM in a similar easy way, and the rate of transfer is
usually rather slow. (You may compare the time it takes to
memorize a poem with the time it takes to recite it.) In ad-
dition to STM and LTM one may also distinguish a specific re-
Feptor VSTM (Very-Short-term memory) and an EM (External me-
mory) as e.g. paper and pencil (Anderson, 1975). These last
two kinds of memory are not considered in the present analy-
sis.

In decision-making, one may assume that the set of avail=
able alternatives M* is accessible to the DM from the LTM,
i.e. he does not have to keep it in mind all the time, but
may recall it at will. The values of the alternatives are,
however, less readily accessible. As they are depending upon
individual as well as on situational factors, one cannot as-

sume that the values are pre-existing, but they arise from
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the situation. It is thus possible for the DM to construct
the values at any time; this construction will typically
take some time and puts a load on the cognitive information-
processing system.

The last part of the data entering the DP, the relative
value of the alternatives among each other, is someting that
is wholly generated in the situation on basis of the values
of the alternatives. Thus this mutual ordering cannot in any
way be assumed to be accessible from a permanent memory, but
must be created and remembered during the DP. Due to the fact
that transmission from STM to LTM does not take place at will,
the alternatives will have to be remembered in the STM-system.
As this system is also the one that carries out the compari-
sons, it is easy to understand, that the bottle-neck of the
whole decision-making system will be here. Congequently.a
more detailed understanding of the functions of the STM-

system is of vital importance for a cognitive analysis of the
DP.

Models of human information-processing.

In a previous section, the DP was defined ag a conscious,
sequenfial,'directed line of thought, and rational in the sen-
se that the DM was able to explain the basis of his judgement,
to himself and to others. A consequence of this definition is
that the DP is assumed to be performed by an information-pro-
Ccessing system of limited capacity. It is the more precise
specification of the structure and functioning of this system
that is hoped to be accomplished by this project.

Qhe concept of an information-processing system of a li-
mited capacity is quite general in present-day cognitive psy-
chology. Examples are most notably found in the field of at-
tention (e.g. Broadbent, 1958; Moray, 1969; Norman, 1969), as
well as in thinking in general (e.g. Thomas, 1962; Shéllice,
1972; Pollio, 1974; Anderson, 1975). The limited capacity
has been attributed to either a limited channel capacity or a
limited processing capacity. The last view which seems to be
more generally accepted will be the one taken here, mainly

because the focus is on information-processing and not on
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information transmission. In the following sections a very

brief review of some of the more prominent models will be

§§ given, concluded by a more detailed exposition of the mo-
%j del used in the present project. (A basic introduction to
5 this area may be found in e.g. Lindsay & Norman, 1972.)

S ,

The Sperling model.

A ST

One of the first models to appear, was the one formu-

Sity ot

lated by George Sperling based on his results of experiments

on the recognition of tachistoscopically presented visual
stimuli (Sperling, 1963, 1967). His purpose was to describe

the processes that took place from the time an S saw the

e+ e

stimulus, till he was able to report it, e.q. by writing it
down. Sperling formulated several models of the information-

processing system involved, the last of which is shown in Fi-

Witee talor et tin, T

gure 2.
{
ﬁ Insert Figure 2 about here
! |
g The important point in this model for the present pur-
3 pose is that the visual stimulus ('light pattern') was trans-

formed into a verbal representation (called 'a program of mo- -
tor-instructions') which was of a more permanent nature than,
the visual image. This verbal representation could be remem-
bered temporarily by means of rehearsing it and thus be kept
available for the recognition érocess to work. The actual
process was the scan which was relatively slow, and thus de-
manded that the material was remembered in some way. The STM
was the function performed by the rehearsal, and the capacity
limit of the whole system was determined partly by the STM
and partly by the process (the scan) that was to be performed.
Sperling also suggested that consciousness was restricted to

; the scan-component, i.e. only those matters that were being
processes, were conscious.

ek e b e
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It is obvious that the model is insufficien; at some
very important points. First of all, it was a model for a
specific process, and thus not generally applicable right away.
Secondly, it contained no suggestion as to how the LTM was
connected to the STM~system. In spite of its primitive le-
vel, it contained the basic elements of the superordinate
and the subordinate executive systems and has been very in-

fluential on the later research.

The Posner model.

One of the later models have been formulated by Michael
I. Posner (Posner, 1967, 1974). The structure of the model
is shown in Figure 3, adapted from Reitman (1970).

Insert Figure 3 about here

Even though it is much more general in nature and is
usefull over a wider range of functions, its strycture is
simpler than that of the Sperling model. One major advantage
is the distinction between external and internal information.
The external information enters the system by way of the STM,
which has a rehearsal function connected to it that fempora—
rily keeps the information available while it is processed
in the STM. The internal information, i.e. information remem-
bered by the S, resides in the LTM and is entered into the
conscious information-processing system by means of the ope-
rational memory (OM). There is no rehearsal connected with
the OM, because material that might be forgotten can be re-
covered from the LTM. The internal information may be exem-
plified by a problem-solving situation where the S tries to
recall knowledge and recombine it to find a new solution,
or by a decision situation where the DM tries to use his
knowledge of the alternatives in the evaluation of them. Al-

though Posner thus made a distinction between the STM and
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the OM in terms of the kind of infdrmation they handled, he
nevertheless underlined that the operational characteristics
(e.g. information capacity, infbrmation—processing rate, rate
of forgetting) of the two systems were essentially identical.

The Posner model was thus not designed with one specific
application in mind, but was intended to be a rather}general
description of human information-processing. The limitations
of the processing capacity are primarily a limitation of the
number of objects (or chunks) that the STM/OM can hold at
any one time.

One major objection to this model is, that the heed‘for
two separate systems (STM and OM) seems to be based on a dis-
tinction between external and internal information only. This
distinction is not one that is experienced by the S, and con-
sidering that the performance characteristics of the two sys-
tems are assumed to be identical, the distinction may safely
be dropped. Another objection which is shared by many cogni-
tive information-processing models is that they are in fact
very little concerned with information~processing and rather
more concerned with the short-term memory function. Even though
the interest for the pProcessing aspect has been %ncreasing
(e.g. Sternberg, 1970; Posner, 1974), the memory function has
still been considered the primary one. This may seem to be a
bit of a paradox, because memory might really be considered
a 'side-effect' of processing of information. If e.g. you
add two numbers in your head, you remember them as a result
of having added them and not as a result of a separate pro-
cess. It is thus a general weakness of the cognitive informa-
tion-processing models, that they are very unspecific as to
how infermation-processing takes place and where it may take
place. It is also of general importance to elucidate the role

of consciousness in cognitive information—pr@cessing.

The CPS model.

The model used as a basis for the present object, has
been formulated to take all these aspects into consideration.

The model is shown in Figure 4, and is based on some previous
experimenté (Hollnagel, 1974).
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Insert Figure 4 about here

Its main component is a superordinate process-component
called the CPS (Central or Conscious Processing System). This
process—component is divided into two parts, a set of regis-
ters and a processor. Each register can hold one psychological
unit of information, e.g. a chunk. The processor can carry
out the necessary basic processes. These may be rehearsal,
comparison, transfer, adding, etc. The basic processes may
be specified much as the basic repertoire of a computer. It

may, however, be more advantageous at the present time to

~look upon them at a psychological level, e.g. as plans (Mil-

ler, Galanter & Pribram, 1960), or sequences of operatians.
They can then be specified more ad hoec, assuming that some
finite set of basic operations can be specified at a later
time. It is assumed in the model'that the capacity limit is‘
connected to the CPS, and also that consciousness is sited
there, i.e. for something to become conscious, it has to be
transferred to the CPS. )

The access to the CPS is by way of a subordinéte con-
troller. This controller is again connected to the 'external'
world by means of the different kinds of modal memories and
receptors. It is also connected to the 'internal' world by
the LTM. By giving the conﬁroller a status of its own, one
takes account of the fact that information may enter the sy~
stem without becoming conscious (e.qg. when we suddenly re-
member having seen somethihg before) and may also leave the
system in the same way (as e.g. in well-learned, automated
behavior). That it is not conscious is, of course, not the
same as saying that it is not controlled. It should, however,
be kept in mind that the model can be used only for cogni-
tive information—processing‘that is based on verbally coded
material. This is of course a limitation to the generality,

but on the other hand a large part of our conscious thinking
is in fact of a verbal nature. .



The purpose of the experiments carried out under this

project is to supply experimental data that can be used in

assessing the correctness of the model and in specifying
b the details of it. The experiments are basically a series

of rank-ordering tasks where the S has to produce a rank-

b

ordering of a number of names on the basis of some informa-

Ly

tion consisting of binary relations among the names. The in-

dependent variables are the number of names, the number and

AU O
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type of relations, and the degree of control of the S over

the selection and presentation of information. Also varied
in the experiment is the extent of the rank-ordering, i.e.

whether it must contain all the names or only the first one.

s

The experimental data have not been fully analyzed yet, but

will be reported at a later date. The initial analysis of the

Y P st

data seem to suggest that the limit of the CPS is around seven

items, i.e. a decision can comprise at most seven single-

attribute alternatives.
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In conclusion one may say that theories of decision-

making in general would seem to be benefited bu including,

AL SR

to a much larger extent, elements of cognitive as& well as

st

social psychology. Decision-making is a human performance,
g and a thorough understanding of the psychological charac-

teristics of man must be a necessary condition for the for-

T

mulation of adeqguate theories of decision-making.
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