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Concepts of Human Memory

ENDEL TULVING

Scientific study of human memory has been proceeding apace for over a
hundred years. Original experiments on normal memory by Ebbinghaus,
early clinical observations of pathological memory by Korsakoff, and
pioneering studies of conditioning and learning in animals by Pavlov and
Thorndike laid the foundations of a science of memory that has been
expanding ever since and that now has branched out in many directions.
Today, learning and memory are explored at several levels of analysis in
different organisms from a number of complementary perspectives.

The first century of research on human memory has had two major
effects: (a) it has produced a wealth of empirical data, and (b) it has
forcefully demonstrated the enormous complexity of learning and memory.
In so doing, it has also promised more of the same in the future—an ever-
increasing number of detailed facts, and an even greater complexity. An
individual practitioner can take defensive action against this dual onslaught
in either of two ways: concentrate on some narrow corner of the domain
and seek order and harmony locally, or ignore the minutiae and contemplate
the broad outlines of the total scene. Although one’s choice depends on
temperament and previously reinforced behavior, observation suggests that
one’s selection of the strategy for minimizing perplexity also correlates with
age. Young investigators like confrontations with specific problems; older
ones prefer to look down on things from the stratosphere.

In this chapter I discuss some general ideas in the broad field of human
memory. Ideas are the lifeblood of science. In the final analysis, the fortunes
of any scientific discipline depend at least as much on the quality of its
ideas as on the raw facts about Nature. It is easy to agree with Ernst Mayr
when he says that “those are not far wrong who insist that the progress of
science consists principally in the progress of scientific concepts™ (Mayr,
1982, p. 24). The reason that, say, a telephone directory fails to pass muster
as a scientific publication is that one cannot have any interesting ideas about
its contents, although it qualifies splendidly on several other relevant critenia:
it provides a large number of very tightly organized empirical facts, a large
proportion of the information in it can be regarded as quantitative, and the
number of accurate predictions even a small directory allows greatly exceeds
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the number of predictions possible on the basis of the best contemporary
models and theories of memory.

I will refer to the ideas that I wish to discuss as “concepts” in order to
convey the impression that they are not just fleeting thoughts anyone might
have about the subject matter, but rather that they are products of careful
thought, sometimes a great deal of hard thought. But it should be clear
that, even under the cloak of the more respectable term, a concept is
nothing more than an idea, a thought, or a hunch about something. As
such, it can be powerful or impotent, brilliant or shallow, enduring or
ephemeral. It can help or hinder, encourage or frustrate, inspire or stifle.

In other fields of scientific endeavor, concepts vary in the importance of
the role they play. Some concepts are central, whereas others play secondary,
tertiary, and further subsidiary roles. Central concepts of other sciences are
universally known. They include things such as force and acceleration in
classical mechanics, metabolism in understanding living matter, homeostasis
in defining disease states, atmospheric pressure in the understanding of
weather phenomena, and lithospheric plates in the science of plate tectonics.
These concepts are central in that their absence would greatly hamper the
exposition of theory in which they play a part, and in that the understanding
of the target phenomena would be incomplete in their absence.

The concepts of human memory to be discussed in this chapter are not
quite in the same class as the major concepts of more mature sciences, but
they are broad and general, transcending individual phenomena and
stretching across the boundaries of particular models and theories. In this
sense they are central to the science of human memory. The concepts I
discuss are well known to all practitioners inside the field, and familiar to
many others. The justification for reviewing them on the present occasion
lies in the fact that concepts have a habit of changing over time, and that
sometimes these changes escape wider notice. Most of us practicing
researchers exhibit a remarkable tendency to become imprinted on and
remain attached to the initial formulation of a concept, despite changes,
sometimes radical changes, that it undergoes as a result of further work and
thought. A periodic reexamination of the status of ideas and concepts in a
field need not be a total waste of time.

I classify the concepts to be discussed into two broad categories: processing
concepts and classificatory concepts. Processing concepts have to do with
processes that comprise individual acts of memory; classificatory concepts
represent ideas about different kinds of learning and memory, or memory
systems.

PROCESSES OF REMEMBERING
One of Ebbinghaus’s numerous contributions was the adoption’ of the

study/test paradigm for the study of memory. The paradigm has remained
a successful standard ever since. In the study phase, experimental subjects
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are presented some information or learn a task; in the test phase, the
retention of the information or the task-based skill is assessed. We take the
study/test paradigm for granted and do not always realize its influence in
shaping our approach to and thoughts about our subject matter. Memory
is inextricably intertwined with other cognitive functions of the brain in the
ceaseless flux of behavior and experience. The study/test paradigm allows
the experimenter to create a multitude of laboratory analogues of single
acts of memory that constitute the flux in real life, and makes the individual
discrete acts the objects of observation and analysis. From this perspective,
to study memory is to study acts of memory; to understand memory means
to understand the mechanisms and component processes whose workings
and interactions determine the course and outcome of an act of memory.
The identity of and relations among the component processes demarcate
the conceptual structure of an act of memory.

General Abstract Processing System

A conceptual structure of a single act of human memory, dubbed General
Abstract Processing System (GAPS), is schematically represented in Figure
1.1 (Tulving, 1983). It depicts the stages of encoding, storage, and retrieval
of an item of information, and interrelations among them, within the
conventional study/test paradigm.
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FIGURE 1.1. General Abstract Processing System (GAPS): A conceptual structure
of component processes of an act of remembering. (From Tulving, 1983)
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GAPS specifies three different kinds of concepts: observable components,
hypothetical processes, and hypothetical states. States represent the end
products of the processes. The arrows in the diagram represent the relations
among the concepts; each arrow can be interpreted as “influences™.

The central concepts of GAPS are encoding, engram, ecphory, and
ecphoric information. Encoding is the process that converts the event
information into an engram (memory trace or representation); ecphory is
the process that combines the information in the engram and the retrieval
cue into ecphoric information. Ecphoric information determines recollective
experience, the end product of an act of cognitive memory.! Encoding and
engram are the principal components of storage of information in memory;
ecphory and ecphoric information are the principal components of retrieval
of the stored information.

The act of remembering begins with the encoding of a perceptual or
conceptual event within a given cognitive environment that represents all
aspects of the state of the system that are relevant to the event and its
encoding. It ends with the creation of a cognitive state referred to as
ecphoric information. It is constructed on the basis of both the (usually
recoded) engram and the retrieval cue. In episodic memory, ecphoric
information determines the nature of recollective experience, the conscious
re-experience of the original event. In semantic memory, the ecphoric
information determines the contents of the retrieved bundle of knowledge.
In laboratory studies, and frequently though not always in real life, the
cognitive contents of recollective experience and retrieved knowledge are
converted into overt behavior, usually in verbal or some other symbolic
form. Such conversion is, strictly speaking, not a component of the act of
remembering. A person’s verbal description of the retrieved cognitive
contents is a postecphoric, nonmemory process; its relation to ecphoric
information and recollective experience can take any one of a number of
different forms (cf. Buschke, 1987, Fig. 22-1).

The structure of GAPS is abstract. It does not constrain the treatment of
the component processes that comprise the storage and retrieval of
information about experienced events in formal modeling or their analysis
at the physical and physiological levels. It neither prescribes nor proscribes
the specific nature of component processes. It is compatible with many
particular theoretical ideas or physiological characterizations of the underlying
mechanisms and processes. GAPS does, however, make explicit the general
categories of component processes of remembering. By postulating the
existence of these processes, it points to the necessity of their analysis at
all levels.

The outcome of any act of memory is generally useful to the individual
to the extent that ecphoric information and recollective experience accurately
reflect the original extent of or correspond to the originally stored fact. A
great deal of evidence exists showing that the correspondence between the
original event or fact and its ecphorized form may be highly variable, from
near-perfect reproduction to glaring discrepancies. In cognitive psychology
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of memory this correspondence defines the dependent variables of primary
interest.”

GAPS has been shaped by what is known about the factors and variables
that determine remembering as it manifests itself at the level of cognition
and behavior. The component processes of GAPS reveal the sources of
multiple determinants of the nature and contents of recollective experience
and its correspondence with the orginal event or comprehended fact. It
explicates the variability of this correspondence, from highly accurate
recreation of the original experience to remembering of events that in fact
did not occur or retrieval of facts that are not true. It summarizes the types
of experimental interventions that are not only possible in the study of
memory but whose omission from the analysis would necessarily result in
an incomplete understanding of memory.

Synergistic Ecphory

GAPS makes explicit the synergistic nature of retrieval. Retrieval in earlier
times meant the “utilization” of traces. or stored information (Melton,
1963), or “the use of memory in neuronal and behavioral operations”
(Dudai, 1989, p. 6). These definitions, widely accepted even today, embody
the strong “storage bias” that characterized psychological thinking about
memory for a long time, and still does so for most laypersons. The storage
bias leads people to identify retrieval with the performance of what the
individual has learned, or with the output from the memory system. In the
traditional thought, performance is determined by past learning: the output
from the memory system depends on the earlier inputs as represented by
the informational contents of the engram. Even in early information-
processing models of memory (Atkinson & Shiffrin, 1968; Waugh & Norman,
1965), one of the basic assumptions was that of a one-to-one relation
between what had been stored and what could be recalled. Thus, retrieval
was thought to provide a nondestructive test of what has been stored. In
theoretical terms the concept of retrieval as performance was conceptualized
as “activation” of the engram. GAPS suggests that the matter is more
complex. The antidote to the storage bias is synergistic ecphory.

I use the term synergistic ecphory t0 express and emphasize the idea that
the outcome of an act of memory depends critically not only on the
information contained in the engram but also on the information provided
by the retrieval environment, Or retrieval cues. “Synergistic” serves 10
remind us that ecphory, the main component process of retrieval, is governed
by these two sources of relevant information, one derived from the past,
the other one representing the present. Thus, synergistic ecphory as a
concept differs from and supersedes the historically earlier concept of
activation of engram. It also accents the contrast between the storage-
oriented study of memory and the orientation in which retrieval plays an
equally decisive role.

For over three-quarters of a century after Ebbinghaus’s ground-breaking
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work, strong storage bias prevailed. To study memory meant to study
storage. In the associative orientation this meant the study of acquisition
and loss, strengthening and weakening, transfer and interference of
associations. Performance was little more than a device for measuring the
changes in storage.

The thinking governed by the storage bias began to change in the 1960s,
when storage and retrieval processes were analytically and experimentally
separated and an explicit distinction drawn between availability and
accessibility of stored information (Tulving & Pearlstone, 1966). Availability
was determined by the same variables that determine storage; accessibility
was a joint function of availability and retrieval cues. The distinction between
availability and accessibility did not depart greatly from that between
learning and performance, or between the engram and its activation, but it
prepared the way for a more radical break with the past. This break came
when it was discovered that different encoding operations performed on
structurally fixed units of information could lead to large differences in the
remembering of these units (e.g., Craik & Tulving, 1975; Hyde & Jenkins,
1969; Mathews, 1977), and that the effectiveness of structurally fixed retrieval
cues could vary greatly with differences in these encoding operations (e.g.,
Barclay, Bransford, Franks, McCarrell, & Nitsch, 1974; Fisher & Craik,
1977; Thomson & Tulving, 1970; Tulving & Osler, 1968; Tulving & Thomson,
1973; Watkins & Tulving, 1975). The idea of performance as activation of
engrams was superseded by the more advanced concepts of encoding
specificity (Tulving & Thomson, 1973), transfer appropriate processing
(Morris, Bransford, & Franks, 1977), and synergistic ecphory (Tulving,
1982). A more complete story of these developments, together with a survey
of relevant experimental evidence, is presented elsewhere (Tulving, 1983).

Synergistic ecphory, the idea that remembering occurs as a result of
interaction between storage and retrieval, or between engram and ecphory,
implies that to understand memory means to understand this interaction. It
implies that any specification of an engram independently of ecphory is
necessarily incomplete, as is any specification of ecphory independently of
the engram. The specification of the engram has to refer to ecphory, exactly
as the specification of the ecphory must refer to the engram. Synergistic
ecphory also implies that any physical determination of the properties of
the engram independently of ecphory may turn out to be impossible,
inasmuch as the engram does not exist in the absence of ecphory: it cannot
be distinguished from the rest of the neural aftereffects of the encoding
process. Such physical indeterminancy of the engram is to be contrasted
with its biological determinacy. as reflected in the products of the interaction
between storage and retrieval.

Initial attempts have been made to identify storage and retrieval processes,
or the engram and ecphory, at the level of brain activity, with success that
augurs well for the future. One example is provided by Neville Kutas,
Chesney, and Schmidt (1986) who studied event-related potentials (ERPs)
during both encoding and subsequent recognition of words, and found that

















































































