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1. Introduction 

In recent years the most striking activity in the field of memory 
research is the strategy to model human cognition after information pro­
cessing systems. This same approach will be followed to some extent in 
the present chapter, starting with an outline of the structure of the human 
information processing system and a definition of its principal activity: 
coding (section 1). Section 4, on organization phenomena, is a direct 
consequence of the cognitive viewpoint held by the authors. The inter­
mediate sections have as their central theme a contemporary approach 
to the classic issues of memory research, namely, the acquisition of in­
formation (section 2) and the retention and forgetting of information 
(section 3). 

Within the present framework we shall deal almost exclusively with 
verbal memory. Perhaps with the single exception of visual memory, 
one may say that the retention of other kinds of material has not been 
studied at all systematically. Within the verbal range we shall, further­
more, limit ourselves to relatively simple classes of material such as pairs 
and lists of letters, syllables and words. Memory for syntactically struc­
tured units such as sentences and texts are discussed in chapter 7. 

1.1. The structure of the human information processing system 

The information processing system with which man is equipped may 
be regarded as built up from various smaller systems. The central part is 
made up of what we shall refer to as short-term memory (STM) and 
long-term memory (LTM). STM has a limited retention capacity: an 
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estimate would be 5-7 unconnected items such as letters, digits, words or 
short phrases that can be retained over a period of, at most, several tens 
of seconds. LTM, on the contrary, can contain an almost unlimited 
amount of information. Apart from certain pathological cases, more­
over, it is difficult to prove that a specific kind of information, once it 
has entered LTM, can ever be radically removed from it and there are 
no indications whatsoever, that LTM would gradually reach its maxi­
mum capacity in the course of a human lifespan. 

Besides, man possesses a number of sensory registers (SRs). The sti­
mulation reaching the senses is retained in these registers over an inter­
val that may range from several tenths of a second (in the case of the 
icon, or the visual SR) to several seconds (in the echo, or the auditory 
SR). During this short period of time, certain elementary classification 
processes can be performed - elementary in the sense that the classes 
involved in the discrimination belong to a relatively fixed and stable 
set. If, for example, speech sounds strike the ear, these sounds are 
classified into a few dozen phonemes or a few thousand syllables. The 
rules providing the possibility for making these classifications are con­
tained in LTM. As soon as a recognition has taken place, the name that 
is used in LTM for the appropriate class is copied into STM. 

The symbols that have thus entered STM through a classification of 
the SR content, may be maintained in STM for several tens of seconds 
and here they may subsequendy be subject to further, more complex 
coding processes, such as the combination of syllables to form words, 
or the search for syntactic relationships among word sequences. It should 
be explicitly noted here that the more complex coding processes need 
not always follow the less complex ones in time: there may be an inter­
vention from higher levels into the decisions that are made at lower 
levels. If, moreover, we add to these various stores the central processing 
unit where the exchange of information between the stores occurs, we 
obtain the picture of fig. 1. 

1.2. Coding 

A cardinal question that may be asked with respect to any kind of 
memory, either natural or artificial, is: in what symbol structures (codes, 
representations) is the stored information contained? A problem that is 
closely related to this question is concerned with encoding and decoding. 
Coding in the most general sense may be defined as a representation of 
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Fig. 1. Outline of the various memory stores and the relationships among them in the 
human information processing system. 

a set A of symbol structures that, following certain rules, are built up 
from a given list of symbols, into a set B that is composed in an analo­
gous fashion. In terms of formal language theory (see Vol. I, chapter 4) 
one may state that coding is the representation of language A in lan­
guage B. 

In the following section we provide a survey of the specific meanings 
that are implied by the term coding within the context of the psychology 
of memory. In the coding situations that are typical for that context, 
we either have symbol structures that are entered into the cognitive 
system and subsequently translated into symbol structures that are to 
be retained over a longer or shorter interval in the stores involved, 
which is encoding, or we have a procedure occurring in the reverse di­
rection, which is decoding. The stored symbol structures are called the 
internal representation of the input symbol structures. (To avoid mis­
understanding, we note here that by input we mean the output of the 
senses and not the sensory stimulation. Thus, echoic memory - or ASR; 
see 2.1.2 - represents in a one-to-one fashion the frequency spectra 
composed by the inner ear, but not the pressure waves striking the ear 
drum. For this reason we say that the content of echoic memory is 
'uncoded'.) 

The coding processes that occur during the performance of memory 
tasks mainly serve the purpose of optimizing the efficiency of the 
functioning of the information processing system. In general, only that 
information will be stored that is necessary in view of the prevailing task 
requirements. The adopted format will be concise on the one hand and 
on the other will often have multi-purpose practicability. Complete 
storage will probably only occur in the sensory registers and for a dura­
tion of several seconds at most. The function of these registers is ob­
vious: the elementary classification processes mentioned above (1.1) 
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may be performed upon their content. The status of a different, longer 
lasting form of uncoded storage, i.e. eidetic imagery, is doubtful. It is 
not clear whether this storage mode can be regarded as reliable if excep­
tional circumstances are left out of consideration (cf. Stromeyer, 1970). 
The following classification of forms of coding is, in fact, a summing-up 
of a number of strategies which, if applied alone or in combination, can 
establish an efficient basis for memory. 

Input selection 
By no means do all memory tasks require storage of the entire input. 

When studying a text it may, for instance, be sufficient to acquire the 
main line of reasoning. However, even when a list of paired associates 
is learned, input selection can easily be demonstrated. If a subject is 
required to learn the digits two and eight as responses to the trigrams 
GJM and VTC, respectively, he may limit himself to the associations 
G-2 and V-8. If the list is lengthened by another pair, VRZ-5, however, 
he will have to encode an additional stimulus feature. Let us say he 
chooses the last letter of the two trigrams; this would result in V.C-8 
and V.Z-5. Similar selective strategies may greatly facilitate the learning 
of lists of this type, but they may cause difficulties if suddenly the sti­
mulus items are not presented in their original form but only in part 
(e.g. J.-? or .T.-?). What the input components are that will be selected 
in a given memory task is dependent on a large number of factors such 
as the subject's preferences, the time available to the subject during 
presentation, similarities and differences between the items that make 
up the material to be learned, the order of presentation of the items, 
and which items are defined as stimuli and which as responses. 

Input condensation 
By this term we mean the transformation of the input into an internal 

representation as concise as possible but still allowing a reconstruction 
of the entire input. Coding of this kind is in fact concerned with the 
discovery of relationships, i.e. laws, or redundancy among the symbol 
structures that have entered. By definition, each regularity governs 
several elements of a symbol structure, so that the number of elements 
to be coded independently is reduced. A system of extremely concise 
codes for a very wide range of visual and auditory patterns has been 
developed by Leeuwenberg (1971). 
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Anchoring of the input 
The ancient mnemonic device of relating newly learned information 

as much as possible to knowledge which is already available, and of in­
tegrating it with that knowledge, is concerned with a form of coding 
which may result in a drastic reduction of the number of elements to 
be stored. In the case of input condensation we saw that such a reduction 
is brought about by a search for sources of redundancy in the structure 
of the input itself; in the case of anchoring, any saving is based on the 
discovery of redundancy, i.e., repetitions in the entire data base of 
LTM. If the central processing unit is confronted with a new input 
symbol structure which is a more or less faithful copy of a symbol struc­
ture that has already entered, it will not encode the second symbol 
structure as a whole, but it will, for instance, note that at a certain 
moment and under given circumstances a new copy was observed of a 
specific old symbol structure. 

An important class of coding types involving anchoring in the 
available data base is formed by the 'natural language mediators' (Pry-
tulak, 1971). Numerous examples of this coding may be given: the tri-
gram CPT is coded as 'capital' with the notation that only the three 
first consonants apply; into the association pair "drawing pin-dike' an 
auxiliary word such as 'hole' is inserted; a list of words is retained by 
means of a story fabricated around them. Another type of knowledge 
in which new information may be anchored is formed by imagery, to 
which we shall pay attention in a later section (see 4.2.3). 

Adaptation to internal nomenclature 
In various memory tasks it occurs that the presented input symbols 

are coded into verbal symbols, even if this does not result in condensa­
tion or anchoring. A very perspicuous example of this type of coding is 
the transformation during STM tasks of visually presented letter lists 
into sequences of items that almost exclusively contain auditory or 
articulatory features (see 2.2.2). Another example has been provided by 
Slak (1970), who was successful in his attempt to stretch his memory 
span for digits from about nine to about 13. He achieved this by practi­
sing a coding system which transformed three-place numbers into 
pronouncable syllables (a phoneme was assigned to each digit, de­
pending on its first, central or terminal position in the number). Also 
in the retention of visual patterns there is a strong tendency towards 
verbal coding by naming the figures (Riley, 1962). This preference for 


