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Short-term visual memory

By W. A. PHILLIPS
Department of Psychology, University of Stirling, Stirling FK9 4LA, U.K.

Serial position effects in visual memory are presented as evidence for a short-term
memory for visuo-spatial information that is not plausibly explained in terms of either
verbal or sensory representations. This is called visualization, and is distinguished from
long-term visual memory. Cases of head injury are reported in which long-term
memory is affected but not visualization. In contrast with this, mental arithmetic
interferes with visualization but not with long-term memory. Further studies are
reported that throw doubt on the earlier explanation of this interference in terms of
competition for a central executive or strategic coordinator.

The significance of these findings is discussed in relation to a proposal for classifying
the main kinds of information represented in higher visuo-spatial cognition.

CLASSES OF REPRESENTATION IN VISUO-SPATIAL COGNITION

The specific topic that I am going to discuss is whether there is any clear distinction beween
short-term memory and long-term memory for visuo-spatial representations. My general
concern is with functional specialization in visual cognition, and it seems to me that this
specialization is primarily semantic. That is, the systems involved are primarily designed to
represent different kinds of information about the world. I must therefore begin by saying
something about what it is that visuo-spatial representations represent.

The basic distinction I wish to draw is that between the representation of local properties
of currently visible surfaces, and the representation of objects and scenes. The various retino-topic
maps that occupy most of the occipital lobe, and to which the various kinds of sensory storage
relate, represent various aspects of stimulation. They do not represent objects, and they do not
provide an adequate basis for affective evaluation, verbal description, or motor control. These
all require further descriptions to be computed by relating retinal stimulation to input from
other modalities, or to stored schemata of the appearance of objects and scenes. These further
visuo-spatial representations are referred to collectively as scene descriptions. There is a very
great deal of evidence for the importance of visuo-spatial representations in human cognition
(see, for example, Bower 1970; Chase 1973 ; McGee 1979). Unfortunately the associated debate
on the nature of imagery does not seem to me to have led to any clear understanding of this
large and diverse field (see, for example, Block 1981). Part of the difficulty might be that while
attention has centred on the problem of ow images represent, too little attention has been paid
to what they represent.

Four broad classes of information that might be represented in scene descriptions are shown
in figure 1. This classification is based on three distinctions. First, there is the distinction between
objects and positions. Second, there is the distinction between object class and object structure.
Third, there is the distinction between the position of objects relative to various parts of the
body and their position relative to other parts of the scene.

There is considerable evidence for the relevance of the distinction between objects and
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positions in human cognition. For example, Allport (1977) found that correct identification
of letters or letter groups in arrays of briefly presented words was often combined with incorrect
report of their position. An example of evidence that position is represented in memory
separately from class and structure is that reported by Mandler & Parker (1976). Neuropsy-
chological evidence indicates that infero-temporal regions are concerned with various aspects
of object recognition (see, for example, Mishkin 1982), and that certain parietal structures are
concerned with various aspects of spatial position (Hyvarinen 1982).
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FiGurk 1. Possible classes of representation in visuo-spatial cognition, and their relation
The emphasis is on scene descriptions, and other possible connections

The distinction between class and structure is central to the computational approach to vision
developed by David Marr (1982). The particular kind of structural description that he proposes
may not be true for human cognition, but it does seem that we can somehow represent the
major structural features of objects, such as what parts they have and how these relate. I assume
that it is these structural descriptions that are transformed in operations such as mental rotation.
To be useful such representations must include more than can be seen from any particular view
(e.g. the unseen sides of objects) and even what cannot easily be seen at all (e.g. the insides
of opaque objects). Phillips e al. (1978) and Neisser & Kerr (1973) provide evidence that higher
visuo-spatial representations have such properties. The main evidence that Marr cites for the
view that class and structure are separated in human cognition is clinical. Patients with right
posterior lesions can recognize objects provided that the view is in some sense simple
(Warrington & Taylor 1973). Patients with left posterior lesions are poor at recognizing even
simple views but can match different views of objects that they cannot recognize (Warrington
1975). This suggests that structural analysis is more developed in the right hemisphere and
classification in the left. Analogous evidence is provided by the ability of people to form
descriptions of novel structures that are adequate for them to see analogies or describe how
a structure could be decomposed into parts of specific kinds. Indeed, the ability to form
schematic but appropriate descriptions of novel objects seems to be a prerequisite for their later
recognition.
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The distinction between egocentric and exocentric position is, perhaps, less extensively
evidenced, but there is a simple argument for it. To look at, move to, or reach for an object
its position must be computed relative to the appropriate parts of the body. However, this would
be a very inefficient way to specify the location of things in general because their egocentric
position will change whenever the person moves. Their position relative to other objects in the
scene will change much less often. The extensive neuropsychological evidence that posterior
parietal regions are concerned with various aspects of relative spatial position is reviewed by
Hyvarinen (1982). Itseemsclear thatarea 7 is concerned with some aspects of egocentric position.
Regions that deal with the relative positions of objects in the world are not yet positively
identified, but they may include the areas that combine visual, auditory and somaesthetic input,
because objects are often seen, heard and felt, and shared position in space is perhaps the easiest
way to unite such otherwise disparate input.

One final detail of figure 1 needs clarification. The visual input to the scene descriptions
is shown divided into two main groups. This is to allow for the possibility that gross features
(e.g. low spatial frequencies, or the features computed for the peripheral visual field, or by the
superior colliculus) might be related to scene descriptions in a basically hierarchial way, but
with more precise or elaborated features being related to scene descriptions in a highly
interactive way. This would be consistent with the evidence for fast global processing followed
by detailed development (see, for example, Navon 1977). Development by selective enhance-
ment of those particular aspects of stimulation that are relevant to the current interpretation
seems likely because objects cannot be defined explicitly in terms of stimulation. The
computational feasibility of such an interactive design is suggested by programs such as those
of Shirai (1975) and of Hanson & Riseman (1978). The word and object superiority effects
(Reicher 1969; Weisstein and Harris 1974) are evidence for some such process in human
cognition.

The attempt to specify what visuo-spatial representations represent is clearly important, but
for the moment the main point is that scene descriptions are proposed to mediate between
representations of stimulation and many of the uses to which they are put. A short-term memory
for visuo-spatial information that is not plausibly explained in terms of verbal or iconic
representations is part of the evidence for this. I shall argue that short-term visual memory and
sensory storage are memories for different classes of representation, and that short-term and
long-term visual memory are different kinds of memory for the same class of representation.

PARADIGMS FOR STUDYING SHORT-TERM VISUAL MEMORY

Many paradigms have been developed for studying the role of visual imagery. Many of these
involve its role in verbal learning (see, for example, Bower 1970). Most of these do not study
short-term memory or visualization directly, but only indirectly through its effects on long-term
learning. It cannot be assumed, however, that long-term learning accurately reflects visualiza-
tion, and results reported later suggest that it may not. More direct techniques are therefore
required.

Most prominent among the more direct techniques has been the letter catagorization task
devised by Posner & Keele (1967). In this task subjects must categorize twosuccessively appearing
letters as the same or different. Comparisons that can be made on the basis of visual appearance
(e.g. A followed by A) are made faster than comparisons that cannot (e.g. A followed by a).
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FiGure 2. Our paradigm for investigating visual memory. A series of patterns is presented, in this case three, and
is then tested in reverse order. The times varied are pattern presentation time (p.t.), inter-pattern interval (i.p.i.),
and retention interval (r.i.).
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Fiure 3. The effect of serial position, and intervening activity (p.t. = 1.25 s, i.p.i. = 0.25 5, r.i. = 3 5). During the
retention interval the subject was either given no additional task, or required to add five digits. Testing was
by recognition. (Modified from Phillips & Christie 1977a.)
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Fi1GURE 4. Visual memory after closed-head injury and alcoholism (p.t. = 45, i.p.i. = 2’5, r.i. = 2'5). Testing was
by completion. Closed-head injury data from Wilson, Brooks & Phillips (in prep.). Data on alcoholism from
unpublished work by B. McLellan.
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Identification latencies for letters that are repeated in close enough succession show related
effects (Walker 1978). Results obtained with these techniques have been taken as evidence that
letters can be represented either by their names or by a code related to their visual appearance,
and that under appropriate conditions this visual code can be actively maintained (Kroll 197 5)-
More recently, however, the possibility has been raised that these letter priming effects may
reflect enhanced accessibility of the letter in visual long-term memory (LT™) or of its connection
to the appropriate response. Kroll & Parkes (1978) suggest this possibility, and Walker &
Marshall (1982) provide a considerable amount of evidence for it. Walker (personal commu-
nication does not imply that we cannot actively visualize familiar material such as letters, but
that the letter priming effects have not clearly separated active visualization from enhanced
accessibility, and are, in fact, more probably due to the latter.

Active visualization can be more clearly implicated in memory for novel patterns. If the
subject does not have a ready-made schema for some information, then memory for it cannot
be due to enhanced accessibility of that schema. Thus, in verbal memory, digit span is tested
by presenting new sequences of digits, not familiar ones. The investigations of visual memory
emphasized here are therefore those using novel patterns. These techniques have the added
advantage that the learning of new patterns can also be studied, and compared directly with
temporary maintenance.

The paradigm that we have used in Stirling for studying visual memory is illustrated in figure
2. A series of patterns is presented and then tested, after a retention interval, in the reverse
order of presentation. Thus for a three pattern sequence they are presented in the order 1, 2,
3 and tested in the order, 3, 2, 1. The patterns are novel configurations of simple shapes made
by randomly filling cells in a rectangular matrix. Matrix complexity varies, but 4 x 4 cells is
most commonly used for studying memory for scene descriptions and very much more complex
matrices are used for studying sensory storage (e.g. 10 x 10 cells). The main times controlled
are pattern presentation time (p.t.), inter-pattern interval (i.p.i.), and retention interval (r.i.).
Testing is by recall, recognition or completion. The similarities in performance across these tests
are far more striking than the differences. Recall is tested by presenting empty matrices and
asking the subject to recreate the pattern. Recognition is tested by presenting patterns that are
either identical to the original or differ by a single randomly selected cell. Completion is tested
by deleting a single randomly selected cell from the original and asking the subject to point
to the deleted cell. You can work out which cells these are in the examples shown in figure
2. I assume that to do so you most proably form and compare structural descriptions of some
kind. The completion technique has proved to be particularly easy for the subject to understand,
and is relatively economical of subject time. It has therefore been developed for clinical use
(Wilson et al. 1982).

The main limitation of this paradigm is that the material is not very interesting. This does
not make it unusual, either inside or outside the laboratory. It may nevertheless limit the
relevance of the findings; to what extent it does is still unclear.

Serial position effects in visual memory

The basic results obtained with this paradigm are shown in figure 3 (from Phillips & Christie
19774a). In this particular experiment eight patterns were presented, with p.t. = 1.25s,
Lp.i. = 0.25s, and r.i. = 3 s. The solid line shows what happened when the retention interval
was blank. The final pattern was remembered very much better than the others, but apart from
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that the serial position function was flat. Over dozens of such experiments we have never
observed a recency effect extending beyond the final item, nor any sign of primacy. This serial
position function remained the same when instead of testing all eight patterns on each trial
we tested only one selected at random. The serial position effect for reaction time was similar,
with subjects responding faster to the final pattern than to the others.

To the subject in the experiment the explanation for these results is straightforward. He can
keep the last pattern in mind until it is tested, but the capacity to do this is limited and cannot
be extended beyond the final pattern. Support for such an explanation can be seen in the effect
of adding five single digits during the interval (the broken line in figure 3). This entirely
removes the advantage to the final pattern but has no effect on the others. The causes of this
interference are crucial to the understanding of short-term visual memory, and will be discussed
in greater detail later.

The main point for the moment is that the last-item advantage and the selective effect of
mental arithmetic provide prima facie evidence for a process that would normally be called
visualization. The next three sections examine the validity of this interpretation by asking
whether plausible explanations can be offered in terms of verbal rehearsal, sensory storage, or
long-term visual memory.

DISTINCTIVE PROPERTIES OF VISUALIZATION
Dafferences between visualization and verbal rehearsal

The main reason for claiming that the final item is maintained by visualization rather than
by verbal rehearsal is simply that the material is much better adapted to our visual than to
our verbal descriptive capacities. Adequate verbal descriptions of patterns of this kind often
takeaminuteortwotoproduce (Phillips1974),andrarelylessthan 15 s. Thedisplay timenecessary
to form a maintainable representation is less than 0.25 s (Avons & Phillips 1980).

Additional support comes from the differences between the performance functions obtained
with these pattern tasks and those obtained with verbal or easily verbalized materials. For
example, the serial position function observed in these tasks differs from the verbal case in the
absence of primacy and in the confinement of recency to the final item.

These observations do not rule out any contribution from verbal processes to the task, but
they do make it unlikely that the representation used is either wholly or largely verbal. One
severely dysphasic patient that we studied who had very little expressive language and poor
comprehension, as well as signs of other deficits, performed quite well on the visualization task
provided that only a single pattern was presented. Perhaps verbal processes make a greater
contribution to the management of the more complex situation. Further studies of patients with
selective deficits are clearly needed. Direct comparison of the performances of human, ape and
monkey would also be very revealing.

Differences between visualization and sensory storage

One of the advantages of this paradigm is that by increasing pattern complexity and reducing
the retention interval it can be used to study sensory storage. This allows direct comparison
of the two uncontaminated by the many confounding changes that are inevitably involved in
a change of paradigm. When this is done the differences between the two are clear. The
experiments reported by Phillips (1974) show the following:
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1. Capacity. Visualization is of severely limited capacity; with favourable conditions errors
average about 10 9, for patterns in 4 X 4 arrays (an average of 8 filled cells), and are very much
more frequent for patterns in 5 x 5 arrays (an average of 12.5 filled cells). Under conditions
where sensory storage operates, e.g. retention intervals of less than 100 ms and no masking,
errors are rare even in arrays as complex as 32 X 32 (Wilson 1979). Similar tasks also implying
very high capacity for sensory storage are reported by Wilson (1981).

2. Reaction time and pattern complexity. Reaction time under conditions of visualization increases
with pattern complexity. Under conditions of sensory storage very large changes in complexity
have little or no effect on reaction time.

3. Durability. Patterns can be visualized for at least 15 s without loss, and probably much
longer, provided that subjects are free from interfering tasks. Sensory storage only endures
beyond 0.5 s in special conditions, and usually, as in our conditions, is even shorter than that.

4. Masking. Visual masks have little or no effect on visualization, but integrate with or
interrupt information in sensory storage.

5. Spatialrestriction. Visualized representations refer to structure and position separately. Thus
visualization of structural information can be used for comparison with input from many
different positions of the field. The information in sensory storage refers jointly to features-
in-position, and the ways in which successive representations relate is constrained by this fact.
Thus the separate representation of structure and position discussed in the first section is one
of the things that differentiates refined topography from scene descriptions.

The differences between visualization and sensory storage are all clear and large. Whatever
visual images are like they are not like icons.

Differences between visualization and long-term visual memory

The paradigm also allows direct comparison of visualization with long-term memory. The
following are examples of the differences that emerge (see, for example, Phillips & Christie 1977 a;
Christie & Phillips 1979; Avons & Phillips 1980):

1. Capacity. Visualization is limited to one pattern or scene at a time (although possibly with
dynamic updating to enable description of temporal change), and is also limited in the
complexity of the scene description that can be maintained. Visual Lt™ applies to an indefinitely
large number of patterns or scenes. No limit on the complexity of the descriptions that can be
held is yet established.

2. Duration. Information can be visualized for at least 15 s, but is lost very soon after the
onset of interference. Visual LT™ deteriorates little or not at all over the time periods we have
studied (up to about 10 min so far).

3. Mental arithmetic. Simple digit tasks, such as adding five single digits, during the retention
interval interfere greatly with visualization but have little or no effect on visual LT™. This is
also true for many other tasks, e.g. digit span, but as will be discussed later it is not true for
all.

4. Presentation time. This has the opposite effect to mental arithmetic. Reducing pattern
presentation time from 2 to 0.5 s impairs visual LT™ but has little or no effect on visualization.
This is because the visualized representation is constructed within about 100 ms, whereas visual
learning continues slowly and erratically over many seconds.

5. Clinical evidence. Results obtained within the past few months from two kinds of neuro-
psychological patient give further support to this distinction. If the presentation time per
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pattern is increased, performance improves such that the last-item advantage looks less
convincing. The curve for students in figure 4 a shows the results of an experiment with p.t. = 4,
i.p.i. = 2, and r.i. = 2 s. The distinction between the final item and the others can still apply
to this situation, however, because it reappears clearly with the patients we tested. G.M. in
figure 4a is a 21 year old man who had been a college student until a severe closed-head injury
received in a motor-cycle acident. He performed well on the final pattern but very poorly on
the others. The results in figure 45, ¢ suggest that this pattern of performance is common. It
therefore seems that visualization can remain good while visual learning is very poor.
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Ficurke 5. Voluntary control of visualization (p.t. = 2 s, i.p.i. = 1 s, r.i. = 4 5). In one session () subjects were asked
to visualize the final pattern of a series of three, and in another session (b) they were asked to visualize the
first. Testing was by completion.

6. Relations between visualization and long-term visual memory. It does not seem plausible to
interpret this evidence for visualization in terms of either activated LT™ or enhanced accessibility
to LTM. The subjects accurately visualized patterns that they had not yet learned. This involves
specifying what parts there are, what properties they have, and how they are related to each
other. Although this presumably involves the use of well established descriptors, simply selecting
such descriptors, whether by activation or some other way, is not adequate because how the
descriptors are related must also be specified, and that is what is novel.

The results also warn against equating visualization with visual learning. Longer periods of
visualization need notlead to betterlearning (Avons & Phillips 1980), and,in addition, the patient
data suggest that the two can be dissociated.

Voluntary control of visualization

Visualization should not be operationally defined as performance on the final pattern of a
series. It seems likely to be at least to some extent a voluntary process dependent upon the
strategy adopted (Phillips & Christie 19775, expt 5). To make this point more clearly we ran
an experiment in which subjects saw three patterns, with p.t. = 2s,i.p.i. = 1 s, and r.i. = 4s.
In one session subjects were instructed to keep thinking about the final pattern during the
retention interval, and in another session to keep thinking about the first pattern from its offset
until its test, while still looking at and responding to the intervening patterns but with as little
attention as possible. The results are shown in figure 5. Subjects were able to switch attention
to a considerable extent, but as expected found it more difficult to visualize the first pattern
than the last. Performance for pattern 2 was not worsened by looking at it while trying to
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visualize the previous pattern. This further supports the view that under these conditions
visualization and visual learning are not closely connected.

The results for males and females are shown separately because this is the only time we have
found a sex difference. The only difference here is a significant interaction between sex,
instruction and position. Even that must be interpreted with caution as there were only six
males and six females, and the experimenter was male throughout. Other than this there seem
to be few, if any, sex differences in this task.

If visualization is under voluntary control the question that arises is ‘control by what?’ This
is the main question to which studies of interference with visualization relate.

INTERFERENCE WITH VISUALIZATION

Dissociation of deficits, and double dissociation in particular, is central to the strategy for
using neuropsychological evidence to reveal functional specialization (Teuber 1955 ; Kinsbourne
1971). Selective interference between tasks is an analogous method in cognitive psychology.
It has often been misused or misinterpreted, however, and has been much criticized. Before
describing our recent selective interference experiments (Phillips & Wilson, in prep.), therefore,
I shall make a few comments on the methodological issues involved.

Design and interpretation of dual task experiments

These issues have been much discussed (see, for example, Clayton & Warren 1976) but no fully
satisfactory analysis has yet emerged. The issues are too complex to discuss adequately here,
but fortunately Allport (19804, b) has provided a very incisive critique. I think that his analysis is
largely correct, but I should like to add four brief comments. First, the logic of the situation
is not restricted just to interference between activities. Selective enhancement could be just as
revealing but has been unduly ignored. Second, independence can only be claimed if both tasks
are properly assessed. It is very easy to slip from saying ‘A does not interfere with B’, into saying
‘There is no interference between A and B’. Third, double dissociation (e.g. as in Brooks (1967,
1968) and Baddeley & Leiberman (1980)) is evidence for two distinct systems. It does not,
- as 1s so often assumed, imply three distinct systems. Fourth, and most important, investigations
should be designed so as to isolate the particular component processes that are interacting. This
is necessary in order to be able to say what it is that the distinct systems do, instead of simply
being able to say that there must be at least two of them. This could be seen as a combination
* of the subtractive method with the selective interference method. If both tasks are designed
so that they have two versions that differ in a limited and specified way, and if the interaction
applies to only one version of each task, then the component processes that are interacting can
be given a principled specification. The experiments that follow and those of Phillips & Christie
(197705, expts 3, 4 and 5) are examples of attempts to meet these requirements.

The interaction of visual memory with other activities
1. Phonemic categorization

Although many activities do not interfere with visualization, many do; for example, adding
digits, counting backwards by threes, repeating strings of more than five digits, and actively
looking at a new matrix pattern so as to be able to remember it. Even randomizing or varying
conditions across trials rather than blocking them seems to cause interference. Furthermore,
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visualization is a voluntary process dependent on the strategy being used. It seemed to us that
the most plausible way to summarize these effects was by assuming that visualization requires
a continuous contribution from a limited-capacity system that is also involved in a wide range
of other processes. This system would therefore be something like the central executive of
Baddeley & Hitch (1974). Allport (1980 5) raises strong objections to this idea. To some extent
the force of his criticisms may be reduced if the system is described as a strategic coordinator,
with the connotation that tactics may sometimes be part of a strategy, and sometimes not.
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Ficurke 6. Effects of interference on visual memory. (a) Phonemic categorization; (#) graphemic categorization; (c)
adding. For all three experiments p.t. = 25, i.p.i. = 1 s, r.i. = 9 5. The dotted line in (a) shows the effects of
just repeating the nonsense word. Testing was by completion.

percentage correct

serial position

Ficurk 7. The effects of (a) looking at matrix arrays (p.t. = 25, i.p.i. = 15, r.i. = 125), and (b) eye movements
(p.t-=1s,i.pi. =0.55,1.i. = 65). In (a); ®, matrix empty; a, eyes closed; 0, matrix chequered; in (b), ®, eyes
still; o, eyes moving.

Our assumption that mental arithmetic interferes with visualization because both compete
for a strategic coordinator was challenged by Gerhard Steiner and Philip Seymour. They
suggested that mental arithmetic may involve visuo-spatial representations and compete
because of that. To test this we tried to find a task that would be very unlikely to involve
visuo-spatial representations yet make heavy demands on a strategic coordinator. This was not
easy to do, but the task we eventually designed was phonemic categorization.

This task was as follows. During the 9 s retention interval the subject heard a CVCVC
nonsense word in which the vowels were always 5 as in bird, and the consonants were selected
from 16 plosives, fricatives and affricates, eight of these voiced and eight being unvoiced. The
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subject’s task was to categorize the voicing for each of the three consonants. Thus for the
nonsense word gabas he or she should say ‘yes, yes, no’. In addition we included a condition
in which the subject’s task was simply to repeat the nonsense word. This was to enable a
comparison between the effects produced by a novel use of the voicing information, and those
produced by a habitual use. The main questions at issue were whether phonemic categorization
interferes with visualization, and if so whether it interrupts it entirely. If there is some
autonomous buffer capacity as suggested by Baddeley & Lieberman (1980), the latter should not
occur.

The results are shown in figure 6. The effects of repeating the nonsense word were not
significant. Phonemic catagorization had a highly significant detrimental effect on performance,
but to our surprise there was no sign of an interaction with the serial position effect. Our earlier
assumption therefore seems to be false. If there is a strategic coordinator, then either phonemic
categorization does not make heavy demands on it, or visualization can continue despite such
demands. The first of these two possibilities seems unlikely because phonemic categorization does
interfere with the visual memory task as a whole.

2. Adding

The difference between the interference caused by phonemic categorization and that caused
by the other tasks we had studied was so great that we first checked whether any of the various
small differences in procedure were responsible. We therefore repeated the procedure of the
phonemic categorization experiment except that adding five orally presented digits was the
intervening task. The results are shown in figure 6. Adding has a highly significant effect on
the final item but no effect on the others. Procedural differences are therefore not responsible
for the different effects of adding and phonemic categorization.

3. Graphemic categorization

In this task, the subject heard three letter names and had to say whether in his or her own
cursive script that letter would contain a fully enclosed region or not. Input and output were
thus very nearly identical to that in phonemic catagorization. This time, however, the processes
of categorization required reference to visuo-spatial representations.

These results are also shown in figure 6. There is a significant overall effect of intervening
activity, and a highly significant interaction with serial position. Graphemic categorization
interferes with visualization. It seems as though there may also be interference with the non-final
items but this effect does not approach significance.

4. Perception and matrix arrays

In this experiment the retention interval was 12 s. During that interval the subject closed
his or her eyes, or looked at an empty matrix, or looked at a matrix filled as a chequer-board.
The results are shown in figure 7. There is no significant effect of intevening activity. Other
experiments of this sort suggest that there may be small effects both of enhancement with empty
arrays and of interference with chequered arrays. The main point that these experiments make,
however, is that there is very little competition between visualization and whatever visual input
processing happens automatically.
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5. Eye movements

In this experiment the retention interval was 6 s and during that time subjects were required
to make a fixed pattern of eye movements. After presentation of the final pattern they looked
up to the top left-hand corner of the video monitor, right round the outside of the monitor
in a clockwise motion, and then back to where the final pattern would reappear for test. The
results are shown in figure 7. The effect of eye movement was not significant, although it does
seem that there may be a small overall effect. There was no sign of any decrease in the last-item
advantage. The main point of this experiment, therefore, is that visualization seems to be quite
compatible with carrying out a fixed and unrelated sequence of eye movements.

Patterns of interaction with visual memory

The various effects on visual memory discussed above can be summarized in terms of three
different patterns of interaction.

1. Effectsselective to the final pattern. These include the interference caused by adding digits,
graphemic categorization, and many others. This pattern of interaction is evidence for selective
effects upon visualization.

2. Effects selective to non-final patterns. Decreasing the pattern presentation time down to
about 0.25 s has a large selective effect on non-final items. Similar effects seem to be caused
by head injury, alcoholism and probably ageing. These effects are interpreted as a decrement
in the acquisition of new cognitive schemata.

3. Effects that are not selective to serial position. The only clear example of this pattern
of interference at present is the effect of phonemic categorization. Its interpretation is not yet
clear. Perhaps the most obvious possibility is to propose that a strategic coordinator is involved
in processing during presentation and test and that this is interfered with by the phonemic task.
The effects of mental arithmetic, etc., would then have to be accounted for in terms of
specialized interference with visualization. Other interpretations are possible, however. For
example, there could be separate specialization for the strategic coordination of linguistic and
non-linguistic activities. The compatibility of language with most other activities makes this a
possibility. The effect of phonemic categorization would then reflect linguistic contributions
to the management of the visual memory task, but this would not imply that visualization was
independent of strategic coordination. Alternatively, this result could be taken as support for
Allport’s view than all interaction is specific, and that there is no central executive or strategic
coordinator.

THE ROLE OF VISUALIZATION IN HIGHER VISUO-SPATIAL PROCESSING

There is thus good evidence for a short-term memory for visuo-spatial information that cannot
be easily interpreted in terms of either verbal or iconic representations. It is probably closely
allied to our ability for visual thought. In relation to the classification suggested in figure 1,
information about structure seems to be what is primarily involved. Memory for the positions
of patterns was not needed, and pattern class could contribute little because of their novelty.
The long-term learning in this task could be interpreted as the early stages in the acquisition
of classifying schema allowing later recognition and recall. If this is so, what of short-term
memory for position? There are suggestions that there might be various forms, quite different
from that which we have studied. For example, Thomson (1980) reports evidence for a short-term
visual memory that guides locomotion but is limited to just 8 s. A better validated division of
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scene descriptions into the major classes of information represented and of the various kinds
of memory associated with them is one of the major goals for the future.

Many members of the Psychology Department, University of Stirling, contributed to the
research reported in this paper. Particularly valuable contributions were made by Jim
Anderson, Ranald Macdonald, Gerry Orchard, Francis Pratt and Lindsay Wilson.
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Discussion

D. A. Routn (Department of Psychology, University of Bristol, U.K.). 1 am generally quite
enthusiastic about Dr Phillips’s general orientation to this area in terms of structural
descriptions. However, given the conceptual overlap between this approach to associative
networks and a propositional one I am deeply puzzled as to why his serial position curves for
supraspan sequences of patterns should be so different from the ubiquitous form observed for
sequences of verbal events. It occurs to me that his preferred measure of retention (percentage
correct recognition) for the same—different paradigm must be, in terms of signal detection
theory, the average of the hit rate together with the complement of the false alarm rate. Now,
in terms of the unit square, it is fairly easy to see that the locus of points for which such a measure
remains constant must be a line parallel to the diagonal (0, 0) to (1, 1). Obviously, such a
line must cut through a family of r.o.c. curves, each associated with a different value of &'
Accordingly, therefore, is it not conceivable that Dr Phillips would have obtained a more
conventional serial position curve if he had assessed performance in terms of &’ or some such
related index? If so, might there not be greater continuity between the verbal and non-verbal
domains that he has suggested?

W. A. PHuiLLIps. It is conceivable but I do not think that it is so. In the early experiments we
used signal detection theory measures, but they never told us anything not already apparent
in the total percentage correct, and in the separate hit and false alarm rates. As the latter are
more comprehensible, and do not require unlikely assumptions, those are what we use. The
shape of the serial position function shown is robust across many different conditions, and across
recognition, recall and completion tests. Explanations in terms of specific measurement artefacts
are not very plasusible. In any case the absence of primacy can be easily explained. One main
cause of primacy in verbal memory is that early items are rehearsed more than later items.
As I said, in our experiments visualization produces little or no improvement in visual LTM.
This will therefore reduced or remove primacy.

I find Dr Routh’s assumption that reference to structural description implies acceptance of
a generalized propositional approach interesting and important. As I implied in an earlier
section I am very sceptical of ‘pictorial’ approaches to imagery. This is because images are very
different from icons, and icons are ‘pictorial’ in clearly definable ways. However, this in no way
commits me to a generalized propositional position: I believe in functional specialization. Scene
descriptions are specifically designed to represent visuo-spatial information; the properties they
have follow primarily from that. Verbal representations are designed to represent linguistic
entities, and it is because these differ in fundamental ways from non-linguistic entities that
language gives distinct intellectual abilities to those that have it.
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P. T. SmrtH (Department of Psychology, Univeristy of Reading, U.K.). Am I right in supposing that
Dr Phillips sees the earliest stages of visual processing as being concerned with identifying visual
properties in particular spatial locations? If so, how should such ideas be reconciled with the
work of Anne Treisman and her colleagues (e.g. Treisman & Gelade 1980; Treisman &
Schmidt 1982), who show that in pre-attentive processing (equals sensory memory?) visual
properties such as colour and shape may be identified without accurate specification of spatial
location? Might it not be that Dr Phillips’s tasks, involving the identification of presence or
absence of specific squares in a chessboard array, because of the premiums that they place on
subjects’ accurate specification of spatial location, are missing functionally important aspects
of early visual processing (i.e. parallel processing of visual features without spatial location
information)?
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W. A. PuiLrips. I do not know Treisman’s experiments in detail, but as far as I can see there
is no difficulty in interpreting her results in terms of criteria specified upon scene descriptions.
The extensive evidence for automatic access to scene descriptions, e.g. the various Stroop effects,
makes it implausible to equate the boundary between sensory representations and scene
descriptions with pre- and post-attentive processing, and I certainly intend no such equation.

The physiological evidence for spatially localized feature representation in early visual
processing is clear, and in good agreement with psychophysics. I don’t think Treisman claims
that her results are in conflict with all that evidence.

I think that what Dr Smith says is right in an important way. The spirit of our experiments
is analytic. We are not trying to study everything at once, even within the domain of scene
descriptions. However, as I said at the end of the paper, I think that these particular experiments
emphasize structure, and not, as Dr Smith assumes, position. Recognition tests, e.g. figure 3
and many other experiments, give essentially the same results as completion, so locating the
position of the change is not critical. Even when completion is used, pointing does not have
to be very precise because the arrays are divided into 4 X 4 cells, and subjects simply indicate
which cell has been deleted. The results would probably be quite different if the task was to
remember the position of a single element in a large blank screen.

The results I have discussed, therefore, seem to me to emphasize memory for the structure
of novel configurations, and to tell us little about memory for position. They also tell us nothing
about memory for surface properties, such as texture and colour, and these would also have
to be included in a more complete account. Perhaps information about such properties is
included in scene descriptions by being associated with the surfaces represented in the structural
schema.

In my opinion the most important omission concerns the ancient problem of universals.
Stored schemata are assumed to be used for recognition and description, but no indication is
given as to how this is done. The problem of how abstract ideas gain sustenance from and lend
direction to the realities of the moment remains the central mystery of cognition.
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