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Chapter 1 Introduction

Pathology wiJJ be modernised by Automatic Speech Recognition Systems (De
Bruijn,1994). Nowadays pathologists examine tissue under a microscope and read
what they see on tape. This tape is then transcribed by a secretary and the resu]tfog
manuscript is sent back to the pathologist for correction. After he has done this, the
report is forwarded to the surgeon who determines the necessary surgical
interventions.
bl the future the secretaries wi11 be replaced by computers (Robbins et al, 1987). The
words dictated hy the pathologist wiJI he identified hy a speech recognition system.
lJnfort:unateJy, speech recognition systems make mistakes. To investigate whether this
has any consequences for the quality of the reports, several pathologists were tested
for their capability to correct the faults made by the computer system (Verheijen et
al., 1993). The outcome \,'as disconcerting. On the whole, less than 50% of
deliberately caused en-ors had been conected. Even en-ors that completely changed
the meaning of a statement had been overlooked. The obvious questfon is: why is it so
difficult for pathologists to correct mistakes in their reports?
The pre.,;;ent paper ,viJl approach this problem as a memory issue. In this light the
impossible retrieval could he due to imperfect storage or the Jack of it, the retrieval
process itself or the destor6on of material during the interval between storage and
retrieval, the retentfon period. The pathologist's task might he too complex to enable
storage of the origina 1 perceptions, since he is supposed to watch a coupe and
formulate a diagnosis in unambiguous sentences. If the visual image or the dictated
words are stored they can fade out of memory or tl1e images might influence each
other which results in memory distortion. It is also possible that during correctfon the
pathologist has no idea whether the report is right or wrong, because he can not
retrieve yesterday's results from his memory.
Before forming hypotheses about the nature of the cause of the impossible retrieval of
diagnoses, it is useful to describe in detail the procedure which is usually followed.
I will discuss the stages which a pie.ce of text, spoken or ·written, will go through.
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Figure 1: Stages ofprocess. On the left stages a texts goes through. On the right the processes In the
patl10log1st's mind.
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In Stage I tl1e text is generated hy tJ1e pathologist hased on what he ohserves under a
microscope. Meanwhile he can store what he says or sees. During this process he has
to watch something, he has to descrihe it and he has to conc1ude what it means for the
person who requested the diagnosis. This is also the phase during which information
ca11 he stored in his memory, since it is the tin1e of perceptfon.
Note here that the suhjects of interest are pathologists who are regarded as experts
witl1 respect to the diagnosis of tissue. Experts possess the knowledge to ahstract
general issues and imp1icatfons. Furthermore one can a.._<m1me that they hardly make
mistakes, hecause they are regarded as the best in tJ1eir field. This expertise is the
result of years of experience. This imp1ies that something must have been stored in
tl1eir long tem1 memory (LTM) otl1erwise they would not have been able to become
"experienced". This LTM storage does not include separate images but abstractions of
all images. These abstractions become more advanced over the years. His expert skills
should enable the pathologist to use only a small portion of his working memory. He
inm1e<liately draws conclusions and speaks them out loud. Speaking and watching
simultaneously does not have to he difficult
Nevertheless, when observing the pathologist at work, it does not seem to he easy to
talk, think and watch at the same time. Most of the ohserved patl10logists talk very
slowly, often with long pauses (] 0 seconds). This seems to indicate that they need
time to tJ1ink about what they see. Often tl1e patJ1ologists will rewind their tapes to
correct previous words. Many do not seem to have all the necessary knowledge
availahle, since they often look up certain infonnatfon. All tJ1is suggests tl1at tJ1ere is
certainly some competition for capacity.
Stage II reflects the transcription of the spoken words into written words, either by a
secretary or a speech recognition system. Mistakes can be made in this transcription
hy the secretary and the speech recognition system alike. The mistakes a secretary
makes are of a different kind. The improvement of the quality of those speech
analysers is determined by the development of the speech recognition systems. It is
partly a technical problem of hardware, partly a problem of the programming of the
computer (for instance the ideal size of the intern vocabulary. If it is too small, it will
fail to recognise many words; if it is too extensive it has several possible words for a
sound).
'While his secretary is typing tl1e patl10logist is supposed to keep in mind what the text
is about, what he has seen and said. This is ca11ed retention. If storage of certain
perceptfons has been succesful, it is still possihle tl1at the material fades out of
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memory or that it becomes mingled with other information. Mixing up memories can
result in omissions.
It has already been mentioned above that experts ( as opposed to novices and laymen)
do not keep in mind single features. Like a chess player who does not see the separate
positions of the pieces but configurations with a certain implication, a pathologist sees
implicatfons in terms of diseases. Like a chess player he might see a feature
combination without knowing immediately what it is. As soon the difficulty has been
identified and the problem of "not knowing what it is" has been solved, the problem is
dismissed from memory. Having investigated this phenomenon, Zeigarnik concJudes
that completed task are reca11ed worse than unfinished tasks. (Zeigamik, 1927).
According to Zeigamik a pathologist wiJJ only reca11 a case if the diagnosis has not
been finished. Complicated diseases, confusing material. or new material for which
no definition has yet been developed, will be remembered. Note here that Zeigarnik
does not say that "routine" matters are not remembered but only that "finished" cases
are not, implying that non-routine is not automatically remembered, as some people
are inclined to believe. In other words, storage of tJ1e visual and spoken stjmuli does
not guarantee their retrieval. Pathologist recall some single positions and features, as
appeared in Verheyen's experiments (Verheyen 1993), but these could have involved
unfinished cases without secure diagnoses.
In Stage Ill the problem surfaces. It is the stage where the u)tjmate correction of the
text is made by the pathologist. It is here that complications arise. He is supposed to
correct a ·written report by comparing tJ1e text with the coupes he saw tl1e other day
and the words he had spoken. In order to do so, he has to retrieve both visual and
spoken stimuli from his memory. The cues he uses to "refresh" his memory are not
always correct. In the Verheyen experiment they have been changed deliberately and
therefore tJ1e cues are false. In spite of that the pathologist accepts them as trne.
Something in the cues must refer to an image that is good enough for the pathologist
to make him sign the report.

It may be unreasonable to expect hin1 to remember coupes he studied the day before,
but he should at least be able to notice i.nconsisteucie.s or detect faults in the grammar
and spe11ing. Even these things he fails to do and consequently he overlooks at least
half of the errors in a transcription. Therefore text comprehension is one of the major
tasks of the third stage, and patJ10logists fail in that as tl1ey do in reca11ing authentic
memories of specific coupes.
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This paper will dea] on]y with the memory aspect of the problem. The discussion wil1
be divided into three parts: storage, retentfon and retrieval Each part is discussed in a
separate chapter.
In this paper I regard memory as consisting of a ]ong-tenn and a short-tenn memory.
Whether this assumptfon is correct is not a so]vab]e question because the two memory
stores are always working at the same time. Therefore no ruling on this point can be
obtained since it is quite feasable that they are two states of one memory system. The
muWstore model has frequently been opposed (Chechi]e and Ehrensbeck, 1983).
However, several experimenters show that there must be more than one store. To
visualize a hypothetical structure of memory I wil1 reproduce a dichotomous mode] of
memory by Attkinson and Shiffrin. (Figure 2).

Environmental
Input

•········> Sensory Registers: ·········> Short term store ···········> Long t.erm store
I

rehearsal,
coding. decision
and retrieval
strategies

visual
auditory
haptic

Response output

Figure 2:

The f/011· of information through! he memory systems
(Attkinson and Shfj,"in, 1968)

Craick and Lockhart distinguish maintenance and elaborative rehearsal to separate
STS (short tenn store) and LTS (long tem1 store). This implies that if pathologists
wish to store separate images in their LTM they have to elaborate the material in their
STS (Craick and Lockhart, 1972). There is no agreement about STM and LTM using
the san1e storing principles.
This paper uses the multjstore mode], containing a Jong term, a short tenn and a
sensory store. The latter containes merely a number of sensory registers receiving
infonnatfon. Whichever division is preferred, Joss of memory during tJ1e retention
interval is a fact as is interference of simultaneous tasks, or false cues during
reco11ection. Therefore, disagreement about the number of stores memory is said to
consist of does not diminish the relevance of a discussion about possible causes of the
pathologist's failure to recall diagnoses.
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Chapter 2. Storage
In this chapter I intend to explore the first possible cause of the insufficient correction
by pathologists of their own reports. Are the original coupes and the comments on
these coupes stored in the first place, and which factors may impair or prevent
storage?

Quality of storage
Without proper storage eventual recall will he impossible. As Roedinger et al. (1977)
emphasise, the quality is important especially for the degree of decay of perceived
material. The authors argue that each stimulus is paired with an association but is in
fact immediately replaced by the fo1Jowing stimulus resulting in a representation time
too short for elaboration. Accordingly time in working memory will be equal to the
representation tin1e. Minor memory lapses, caused by interpolated tasks, depend on
qualitative differences in two simultaneous tasks, and not on varying the difficulty of
the interpolated task. Considering this experiment, one can conclude that the quality
of storage is not constant and various task combinations cannot be proce ~sed in
0

working memory.
This chapter discusses some of the aspects of storage quality related to working
memory by reviewing the results of dual-task experiments and literature about the
working memory and its overload, about the process of encoding and the storage in
I.TM. This knowledge can be applied to the work of pathologists.

Dual tasks and the influence of various modalities
Certain combinations of tasks cannot be processed by working memory. Tasks that
cannot be executed simultaneously are said to compete for the same resource in tJ1e
working memory. While a pathologist hears himself dictating a report~ two kinds of
processes are transmittfag information, viz. visual and speech. The latter mainly
concerns proprio-kinetic stimuli, but auditory stimuli are also involved. Meanwhile a
pathologist has to draw conclusions about features he observes using his knowledge
and logical reasoning. This could be seen as a dual, or even a triple task.
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A great deal of research has been done on dual tasks, on dividing attention between
several tasks, and on the capacities of the structures involved in the excecution of
these assignments. In experiments described in literature reaction times and accuracy
of performance were measured by making the subjects perform two tasks
simultaneously.
The question is what affects dual-task performance. Wickens (1980) and McLeod
(1977) have shown that numerous dual-t.ask experiment,; are performed much better
when they involve dissimilar instead of identical modalitjes. This could be due to the
existence of independent subsystems for sound and vision. These systems have been
proved to exist In experiments two effect were found: the phonological similarity
effect (words with similar sounds are more difficult to recall than words with
distinctive sounds) and the unattended speech effect (performance on a memory task
is impaired by words or nonsense syllables not attended to) (Colle and Welsh, 1976).
Accordingly, pathologists can listen and watch simultaneously. Whether the
fommlation of sentences does not affect perfo1mance cannot be concluded from these
results.
A division in subsystems does not only imply a division of capacity but it can also
cause interference between two information channels transporting signals of the same
stimuli (Mil1er, 1982). Mil1er provides evidence for a phenomenon called
coactivation, suggesting that channels are linked.
However, divided-attention studies, as t11ese experiments are called, are rather biased
(Duncan, 1980). They are based on assumptions about internal processes. Assuming
other internal processes would lead to other theories. A flaw in the experiments is
that they do not take the influence of capacity Jimit.ation into consideration. Damos
( 1985) argued that the results of dual-task experiments might be contaminated by
asymmetric transfer, meaning that the effect of A on B is unjustJy assumed to work
the other way around as well. Asymmetric transfer is not based on much evidence
(Vidulich, 1988) refuting Dan10s' argument The critisism on the use of dual-task
experiments is not regarded as conclusive and the results obtained in these
experiments could be applied to the work of pathologists.
Dual-task studies can provide information about two interfering tasks and about the
available capacity for memory storage. Their results suggest that the execution of two
tasks at the same time does not lead to bad performance if they involve different
modalities. Therefore, the pathologist's task of observing, speaking and drawing
conclusions concurrentJy (if a11 involving different modalitfos) should be possible to
perform (as indeed pathologists have proved it to be). Nevertheless, and even though
a task requires different modalities and parallel processing is possible, the pathologist
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is in danger of being unable to pay sufficient attention to all the aspect_.;; of the task
simultaneous} y.

Attention
Formulating a diagnosis requires attention, but the visual part of the pathologist's
work also requires attention. As is clear from from pauses he takes sometimes to
think. The fact that speech production requires attention has been demonstrated by
Jou and Harris (1992). When subjects recall information and perform a mental task
simultaneously, speech production in the divided attention condition is worse than in
the control condition. They inserted longer pauses, recaUed Jess information and used
extensive deterioration in clausal and sentence structure. Attention deficit seems to
disrupt the construction of a message and the smooth flow in speech. It is now
obvious that the pathologist's well formed sentences require considerable attention.
How much attention a pathologist pays to other activities is not immediately clear.
Some activities have become automatic over the years. Others still require attention
considering the pauses and the occasions on which pathologists look up infomrntion.
Nevertheless, if the work of the pathologist would demand too much concentration,
pathologists should he able to report that difficulty. However, they do not complain
about over-exertion. This is an additional reason to assure that overlooking errors in

the reports are not caused by an overcharge of attention during the observation of the
coupe. To analyse the possibility of insufficient~ or Jack ,of storage, some processes
must be impaired or infom1ation must be discarded before it reaches LTM. To
investigate these options, working memory is analysed below.

Working n1en1ory
Working memory is a functional tem1 for short term memory when it is temporarily
holding, manipulating and elaborating material. Early experiments revealed that
people can remember no more than 7 items give or take 2 at any time (Miller, 1960).
They can retain those items in their short tem1 memory for about 25 seconds.
Elaboration and chunking of information is a remedy for rather poor performance on
recall tasks. Through compression of infom1ation units in larger units, much more
information can be stored in STM. Chunking is quite automatic and seems to to
require a minimum of time and effort (Kintsch 1970). The specialty of expert_.;; is,
among other capabilities, that they are able to chunk large numbers of stimulus
features, because they can use coherence that the laymen is unable to use. The
configuration of certain features is characteristic and conclusions about meaning,
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origin and other implications are immediately drawn and stored in memory. While
keeping this information, there should be sufficient capacity left to enable
fonnulation. The activities (perceiving incoming information and formulation of
diagnosis) do not compete for memory because they demand different resources. One
could argue that experts should have plenty of capacity 1eft to elaborate material for
long term storage. Nevertheless, we have seen that the experts do not recal1 separate
coupes or features. It seems that a non-overloaded working memory in it<;elf is not a
sufficient condition to guarantee storage. However, if information is discarded from
memory, ]imitation in the processing or selection of material must occur.

Overload of working n1emory during storage
If the capacity of a system is limited, it is possible to overload the system. There is
agreement on the fact that there is some fonn of limitation in the total processing
capacity. The disagreement concerns the location and the nature of this limited
processing capacity. There is either one channel that receives the input infom1ation
distributing this infonnation at a later stage of the process, or there must be several
para11e1 channels that can process the incoming information simultaneously (regulated
by a multiprocessor). One channel implies that tasks can not be executed
simultaneously, only serial. Theories accepting more than one channel argue the
possibilty for simultaneous processing. The existence of several parallel channels is
defended by McLeod (1977). He shows that manual and visual processes were
processed by different channels. Accordingly, manual and visuaJ processes are
processed simultaneously. The fact that pathologist<; have to watch a coupe and
manipulate the image at the same time, shou]<l not lead to loss of information.
Processing infom1ation by different channels does not automatical1y mean that the
streams of information cannot influence each other. Thei can compete for the same
resource pool. Pashler argues that if several channels are regulated by a
multiprocessor. it should not be possible to find interference when the response
outputs of two different input channels are separated as well. He proves that even with
several response outputs, interferences are found and thus the hypothesis of the
existence of a multiprocessor is refuted (Pashler, 1990).
Apart from the number of channels through which information is processed and
thereby restricting the processing speed, another aspect on process ]imitation is
mentioned in the literature. It concerns the nature of the selection. It is possible that
somewhere a selection of the material to be processed is established and that
limitation is a matter of passing through or not Another possibility is that the overal1
capacity of the system is limited and therefore not all information can be processed.
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Wickens (I 980) names these two kinds of limitations structure and capacity
limitation. The first imp1ies a competition for processing strncture, whereas the latter
assumes a competion for a resource that can be allocated in all quantjties as required
for specific tasks.

St.ructure limitation
The limitation of the mentaJ system could be due to the limited structures by which
information is processed. At some stage of the process the mechanism may be not
wide enough to process all the information. This narrow part does not allow an the
information to pass to a further stage. It can be regarded as a bottleneck and there are
several theories that subscribe to this view the so-called bottleneck theories.
These theories are based on a single channel processing system, implying that all
incoming stimuli, visual, auditory as well as feedback signal from motormovements
and speech have to be conducted through one channel Whereas McLeod found
evidence for a multi-channel processor, support for the single channel hypothesis has
been given by Pashler (Pashler, 1984) and Gladstone, Regan and Lee (1989).
The bottleneck can be located at the perceptual level, the response selection level or
at the st1ge of response execution. These possibilities result in three different
postponement models (Pashler, 1992). The first possibility cannot explain the
automatic storage of some stimuli. Note that location at one stage does not exclude
the possibilty of postponement at another stage.
Which of the three models mentioned above is the most suitable depends on the
nature of tl1e task involved. Tasks can be "data limited" meaning that a threshold must
be reached before response wil1 occur. A model that locates a bottleneck at the
perceptual level will be more suitable for these tasks. Tasks can also be "resource
limited" and wilJ only lead to poorer performance if the available capacity is reduced
(Norman, 1975; Pashler, 1989). Observing a coupe under a microscope to form a
diagnosis is both data limited and resource limited. Structural theories assume
structures to be dedicated to a task. They treat this competition as an all-or-non
process. Pathologists demonstrate that they can perfom1 several tasks simultaneously.

If this is manufactured by rapid serial processing within one structure, then the
hypothesis of one processing channel can be maintained. The easy performance of
formulation, observation and manipulation of coupes leads to a conclusion in another
direction. Another form of limitation has to be considered.

Capacity limitation
When the ]imitation of the total processing is due to the limited resources of the
system, then various mental processes can be scheduled to operate concurrently. The
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speed and accuracy of their operation will be limited by the quantity of resources they
have access to. With this forrn of limitation various different strategies of processing
are possible: parallel, alternating, or sequential.
Moray (1967) argues that the width of a channel varies and that the capacity used for
one channel is not constant It depends on the aspect of the task, which does not
always require the san1e capacity. Parallel processing of various tasks is possible as
long as the total capacity is not excessively taxed.
Kahn em an ( 1973) subscribes to the idea of an undifferentiated capacity in the light of

a competition for structures. An activity can fail either because the total capacity is
over demanded, or because the aJlocation policy assigns channels to other activities.
Capacity and structural theories are not mutually exclusive. Both seem to make
considerable contributions. A combination of the two theories leads to a structure of
resource reservoirs. According to such a view, the advantage of strnctural separation
between tin1e-shared tasks will be reduced as demands become greater. Initially
separate structures are dedicated to one task each. As demands become greater,
activity wiJl be spread and other activities initially processed by other structures are
likely to he disrupted (Wickens, 1980). If one of the subtasks of the pathologist
demands excessive capacity it will eventually result in the disruption of another
activity. This increases the possibility that processes necessary for proper storage, like
encoding, will be disrnpted by other capacity demanding tasks.
The mental system is continuaJly attempting to combine sources of infom1ation at its
disposal: top-down processing and bottom-up processing. Therefore the controversy
about which type of limitation applies to the mental system is not a real controversy
since theories do not contradict each other. They a11 are valid for different aspects of
the processing (Nomrnn, 1971 ).
Although the two types of theories can be combined to fonn one theory, there is a
difference with regard to the interference aspect in the theories._Interference in a
strnctural model is specific, since it depends on the degree to which tasks demand the
san1e mechanisms. In a capacity-limited model the interference is non-specific
because it depends solely on the demands of both tasks for capacity. People are very
well able to do several tasks simultaneously. This is difficult to explain with a singlechannel hypothesis and implies a rapid sequential processing. The multi-channel
hypothesis is more suitable to explain pathologists' behavior in this case. This implies
a non-specific interference, thus processing only depend'\ on the total demands for
capacity. Another argument for more processing units can he concluded from the
dual-task results. In the dual task experiments the task-perforrnance is not more
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impaired with concurrent load of another t.ask than when one task is performed alone.
This implies several subsystem that are not impaired at the same time (Baddely et al.,
1990). As already mentioned above, Wickens (1980) explained these results by
arguing that even though initially several subsystems are not impaired at the same
time, this might turn out otherwise if excessive demands are put on working memory.
The overload of working memory and the division of capacity is closely related to the
number of activities demanding attention. This wil1 eventual1y result in a selection of
storage material.

Encoding
This chapter as a whole deals with the lack of long term storage as a cause for the
eventual impairment of the correction process. An explanation of this long term
storage process is, therefore, relevant. First, however, encoding itself will be
described with regard to pictures and words. Pictures are regarded to be encoded
better than words. They are encoded in visual images and in verbal codes (Pavio,
1971 ). Dual encoding can apply to a]l kinds of input material, not only to pictures
(Snodgrass, Wasser and Finkelstein, 1974). The two codes of vision and speech are
independent (Rahrick and Bahrick, 1971 ). Considering these st.atements, the visual
image of a coupe and the spoken words of the pathologist himself are both encoded
independently. Investigations of vocalised and silent reading show that vocaJisatfon
leads to the activation of the echoic memory. This is also valid for passive listening
(Cantor and Engle, 1989). Silent reading does not use an echoic route (Conrad and
Hull, 1968). According to Schooler and Engstler-Schooler (1990) verbalisation of
previously seen stimuli can result in a verbally biased memory representation that can
interfere with the application of the original visual memory. Independent codes
(observing coupes and hearing one's own dictations) do not guarantee unimpaired
memory.

Storage in L Tl\f
To have the necessary information about the coupes and diagnoses at his disposal, the
pathologist must have stored this information in his long tenn memory (LTM) at the
time of perception. The principle for LTM is "meaning". Separate coupes do not have
meaning for a pathologist, unless they are remarkably difficult, confusing or not in
conformity with the pathologist's existing knowledge. What a pathologist does
remember are the features that expand his knowledge about human tissues. (For
novices and laymen this material can have meaning only if they regard remembering
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coupes as a goal. They can conciously rehearse or elaborate material to store it in
LTM.) Therefore an important factor with respect to encoding and retention is the
amount of background knowledge with respect to certain stimulus materialto be
processed (Background knowledge is important for retrieval and wi11 be discussed in
chapter 4).
Nonsense material can be organised according to subjective dustering principles
(Tulving, 1966). Meaningful stimuli are stimuli that can fit in existing schemata
(Bartlett., 1932). The degree of organisation of material depends on the predictability
of the information that the material offers. The greater the predictability, the better the
recollection of details (Miller and Selfridge, 1950). This recall of details is in fact a
construction based on a script in which the original stimuli were captured (Schank and
Abelson, 1977). What is stored is not the stimulus itself, but a schema, faults included
(Thomdyk and Hayes-Roth, 1979). The faults are not actually stored, but they are
created during recall (Hasher and Griffin, 1978).
\Vhat does this mean for a pathologist who is looking at coupes all day? He will
probably register only that informatfon from the coupe which is consistent with his
mental schemata, and thus expanding his expertise. He wil1 not store single features
and items in long term memory. If a pathologist wishes to retain many coupes in
memory, he has to find some principle to form seven chunks and captme it in STM.
This number remains constant~ the size of the chunks and the infomiation can vary
(Pollack, 1953). LTM on the other hand contains a constant quantity of information.
Useful information abstracted from items wil1 be added in LTM, dismissing other
informatfon that has become redundant by this addition (Abelson, Muckler and
Williams, 1953). A coupe will be redundant as soon as the diagnosis has summarised
information. This information wil1 be added to the pathologist's expert knowledge in
LTM if necessary, and the rest is dismissed from memory.
The case of the pathologist who studies 25 coupes every day, can be compared with
weather-forecast messages. These messages were initially used as experimental
material to investigate loss of memorised material for repeated similar material.
Weather-forecast messages consist of stimuli that usually have a similar surface
structure and a different meaning. Not all featUTes of the message are important to the
listener. The investigatfon of memory for these messages can be useful with regard to
the pathologist's problem. A pathologist is repeatedly observing coupes that share
some similarities (color, fom1s of cellular bodies, membranes) and are usually
different with regard to meaning. Furthem10re, not all the features are important for a
certain diagnosis. (If the request concerns the diagnosis of a tun1or, then the
musculature of the bloodvessels is of less importance than the growth of cells).
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In an experiment in which messages were broadcast to the genera] public, the results
shows that people cannot remember those messages even short]y after presentation
(Wagenaar, 1978). The listener produces the messages as lists of nonsense materia1.
Another investigation based on the former examines possible factors responsible for
the imperfect processing of weather-forecast messages. The effect of Jength was the
most significant factor (Wagenaar and Visser, 1979). Visua1isation of the message
wil1 help on]y if the meaningfu1ness of the message is increased (Wagenaar, V arey
and Hudson, 1980). An investigation with traffic reports lead to the same result~ that
short term capacity restricted the recall to 7 +/- 2 items (Akerboom, 1989). This
indicates that nonsense materia1 will not be stored in LTM at all.
This explanation is not in favour of the few instances in which a pathologist does
seem to recognise a coupe. Sometimes an incidental coupe is remembered (Verheyen
et al., 1993). The coupes could contain something unusual that contradicts the genera1
knowledge of the pathologist and thus contribute to his expertise. With regard to
pathologists recall implies recognition of a coupe based on a report or on a very small
aspect in that report. This does not mean that reproduction of the coupe is possible as
well.
This chapter has demonstrated that there is a limit to the quantity of information that
can be processed. Processing input sHmu1i does not mean that they will be stored in
someone's long term memory. In fact this hardly seems to be the case. Even if
encoding has been estab1ished, than recall cannot be guaranteed. Reasons for
forgetting stored materia] will be described in the next chapters.
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Chapter 3. Retention

Material that has been stored in long term memory is not automatically retrieved later.
Between the initial encoding and the eventual retrieval, the information in memory
can be distorted or disappear. This distortion is due to the interference of other
information. Material perceived earlier can form frameworks for later perception, or
later perceived material can be mingled with earlier experienced information. The
work of a pathologist consists among other activities of observing many coupes day
after day. This might result in backward and forward interference. Alternatively,
earlier material might be completely replaced by new material. This chapter will try to
identify the most likely possibility .

Decay or interference?
The disturbance of material can be twofold. Memory traces can "erode" due to the
influence of time. They can also be mingled with new streams of infonnation. The
problem is that "erosion" of material can not be identified as such because empty
holes will be fi1led in with other infonnation. Therefore, the distinction between
erosion and mingling may be trivial. Nevertheless, in the literature decay and
interference (the scientific names for erosion and mingling) are regarded as
possibilities for memory loss.
The retention period has been studied quite frequently, and often interference is seen
as the cause of impaired memory. Only a few scientific investigations conclude that
decay is the main cause, and they consider short term memory, not long term memory
(Brown, 1958: Peterson and Peterson, 1959). It is difficult to design an experin1ent
that shO\vs unequivocally the influence of decay (Roedinger III, Knight and
Kantowitz, 1977). Peterson and Peterson (1959) demonstrated that short tem1
forgetting was due to decay processes, while long term memory was prone to
interference. There is far more scientific evidence for interference.
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Decay
The possibility that memory traces fade away as a function of time is not a widely
accepted hypothesis. Several test~ for tl1e decay tlleory of immediate memory (few
seconds) have been developed (Brown, 1958). According to these te$tS, memory
traces seem to decay rather easily during the initial phase of the retention interval
Prolongation of tlle retention interval by presenting additional stimuli leads to had
perfom1ance, even when the additional stimuli hardly interfere with the original
stimuli. According to Brown this decay is due to a limited capacity.
In the "Single trace fragility theory", decay and interference are related (Wickelgren,
1974). Loss of memorised material is the consequence of two factors: time and
interference. Memory traces are assumed to have two partially coupled dynamic
properties: strength and fragility. Strength determines the probability of correct recall.
Fragility determines tlle susceptibility to time-decay processes. Consolidation can
only improve the susceptibility to decay. However, with regard to the problem of the
pathologists, correct recall more in1portant than the resistance to time decay.
Consolidation will only offer resistance to the influence of time. Wickelgren does not
consider a solution to strengthen the original storage afterwards. The strength is
detem1ined at the time of storage. This is a pessimistic point for improvement of the
patl1ologisfs reca11 of coupes or dictations tlle day after. Fortunately tllere is not very
much scientific proof for decay and this pessimism might be irrelevant

Interference
The other cause of memory impainnent during tlle retention time is interference.
Levy and Jowaisas (1971) have proved that interference is a much more plausible
explanation for Joss of memorised material than decay. Their results indicate that
recall is inversely related to similarity between items, regardless of the time interval.
The irrelevance of time in1plies that interference is more responsible for poor recall
tllan decay.
Interference in STM and I.TM can he caused by similarity between items. This

similarity can be semantic, but acoustic similarity can also cause interference.
Acoustic similarity is a potent variable in STM, whereas semantic similarity is a
variable in LTM (Baddely and Dale, 1966). Baddely and Dale used lists of words. If
their results are extrapolated to words in contexts, than this can be useful for the
"pathologist problem". When looking at 25 more or less routine preparations of
human tissue, there might be a great deal of similarity between the cases. This is the
case for sounds ("mitosis" and "meioses") as we11 as for meanings of coupes
(unproportionalJy many ce11s indicating a tumor can be found in many cases). Others
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argue that interference in STM does not only have to he caused by perceptual
similarities, but can also he caused by semantic and categorical similarities as in
LTM.
The investigations mentioned so far used on]y words as experimental material.
Therefore the results cannot automatica11y account for visual images as we 11.
Nevertheless, if semantic similarity is a causes interference, then pictures with
semantic similarity will probably interfere as well, because Pavio argued that pictures
are encoded both visuaUy and verbaUy, and vice versa (Pavio, 1971).
Wickelgren's single trace fragility theory has shown that greater similarities lead to
more interference. The magnitude of the effect depends on the similarities in long
term memory rather then in short term memory. The data indicate that interference is
independent of the total length of the interval between original learning and the time
of recall. However, the location in that interval, thus where the highly similar
interpolated material is presented, is important. If it is presented early in the retention
interval then the interference is much more significant than when presented late in the
retention interval. Apart from the degree of similarity, the number of interpolated
items is also important (Wickelgren, 1974). Unfortunately, the presentation of more
items

\Vil]

inevitably lead to the influence of tl1e location in the time interval where

material is presented (Waugh and Nom1an, 1965).
Interference can work forwards or backward-., caJled proactive and retroactive
interference respectively. Proactive interference is the effect of declining recall of
items due to earlier encountered material. The perception or the storage of material
has been influenced by the knowledge a person has. Retroactive interference is the
decline of tl1e recall of old material due to later perceived material. For pathologists
both kinds of interference are possible.
The relation between the degree of interpolated material and the locus of retroactive
interference was found more than fifty years ago (Melton·, 1940; Thune and
Underwood. 1943). McGeochhas show11 that retroactive interference increases with
an increasing number of of repetitions of interpolated material. The effect levels off
after ten intrusive items (McGeoch, 1943). These experiments involve intrusive lists
of items (interlist interference), whereas the interference within one list of related
items (intralist interference would be more useful with regard to the pathologist's
problem.
Peterson and Peterson (1959) concluded with regard to long tem1 forgetting that recall
from long term memory does not decrease as a function of the initial number of
items. This implies that recall will not improve when the pathologists would observes
less coupes a day. Others have found increased Joss of memorised material as a
function of the number of previous items only when initially many items had to he
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learned (Keppel and Underwood, 1962). Keppel and Underwood's experiments have
shown that interference in long tenn memory and in short tenn memory follow the
same principles: loss of memorised material is directly related to the length of the
time interval. Accordingly, immediate correction of reports will lead to less
remaining errors. Loess confirms the importance of the length of the retention interval
in STM and LTM (Loess, 1964). The emphasis in the length of the interval and on the
an10unt of items that initially had to be learned can be reduced to one principle, since
the more items have to be learned, the longer the interval will be: if many items have
to be stored in L TM then there is a considerable time span between the first and the
last items. This will lengthen the retention interval for the first items. Posner and
Konick (1966) showed that in trials where initially memory traces are of equal
quality. differences in loss of memorised material were due to interference in the
retention period. However, an atemative hypothesis is that loss of memorised material
during retention is a linear function and that the quality of storage is different for the
trials because of previous trials with similar material. This implies that proactive
interference can work at the time of storage instead of in the retention interval (Posner
and Konick,1966).
According to other investigators the results of the experiments to demonstrate
interference in the retention interval, do not prove that Joss of memorised material is
caused in the retention interval at all. Dil1on and Petrusic (1972) fom1d proactive
interference in recognition situations. Dillon (1973) found that loss of memorised
material was equal in recall and recognition situations. In a recognition situation the
original material is available. If impaired recall is due to unlearning in the retention
interval then recognition will be much better. The sceptical scientists suggest that the
cause is located in the storage itself.
Another viewpoint is that interference causes loss of memorised material during
retrieval. Presenting cues at the time of recall is of influence as well (Loftus and
Patterson, 1975).

Martin ( 1971) suggests a possibility of associative interference. During the formation
of an association AC there is a weakening of another association AB. He argues that
the recall of C and B should be inversely related, but in fact they are not They seem
to be independent Therefore a mechanism other than stimulus response association is
responsible for interference, for instance encoding itself. A theory for trace
susceptibility to storage loss is developed by Chechile. Storage loss occurs when a
critical feature for the support of recall is no longer bound to the other features of the
trace, due to retroactive interference of other traces (Chechile, 1987). Retrieval
depends on storage with regard to the features of the traces. If initial coding is
successful, there will be a set of critical features that are required for recall. Traces are
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either susceptible to storage loss, or permanently resistent to storage loss when they
are encoded in L TM. The loss of material is only possible for information in short
term memory. The experiments of Chechile and Martin in1ply that the actual cause is
located in the storage process. The material was never encoded in LTM. This may
aplly to the case of the pathologist who does not remeber a specific coupe.

Decay and interference
Decay and interference do not mutually exclude eachother. Investigators agree that
both concepts are responsible for loss of memorised material. A voiding long intervals
leaves less opportunity for storage losses. Therefore, immediate correction by the
pathologist could lead to more recall of the initial diagnosis. The number of items
cannot be manipulated since every day there is a certain number of coupes to be
judged.
This chapter has considered the possibility of llilin1paired retention of material when
storage has been established. The retention period leaves opportunities for
interference resulting in memory impairment. Shorter retention intervals seem to be
the practical intervention to overcome the influence of interference to some degree.
For the work of the pathologist this implies that the coffection of reports should not be
postponed to the next day. Therefore, the reports ought to be transcribed immediately.
This may be achieved with an artificial speech analyser.
If the retention interval is short enmwh to assure undistorted retention of information..
~

the possibility remains that the information will not be available at the time of recall.
To dispose of stored and retained information, it has to be retrieved from memory.
The prerequisitions for a proper retrieval process will be the subject of the next
chapter.
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Chapter 4. Retrieval

Whether infonnation is retrieved from memory depends on the environment, on cues
in that environment and on the background knowledge of a person.
Moreover, for pathologists to remember correctly there must be an appropriate
retrieval situation as well. The probem is that changes in the reports are not
recognized as errors. However, inconsistencies and errors that are obviously not right
in the context are overlooked as well, implying that not only recall and recognition
processes are impaired, hut that simple text comprehension is not successful either.
On the other hand, pathologists do not seem to overlook errors in the reports of others.
(Daneman and Stainton, 1993). This mies out the possibility of a careless correction
process. Overlooking errors only concerns their own reports. This could imply an
inadequate recognition in which they see a few word<; and fill in the rest They might
be too tolerant with regard to their own text and rely on their first production.
However, this is not likely since in the experiment of Verheyen, the pathologists knew
that the reports contained errors caused by someone else (Verheyen et al. 1993).
The possibility of not recognizing faults due to lack of right cues seems likely for two

reasons. Firstly, pathologists have to recognize errors in written texts whereas the
original storage concerned speech and pictures. Secondly, the changes made in the
reports did not dramatically change the construction of the sentences. The first point
concerns the incompatability of the material for storage and retrieval, the second point
could cause partial recognition of con-ect configurations. There is a sufficient
semantk overlap of material in memory with the text in front of them, although the
meaning of the complete sentence has changed.
An interesting issue here is the process of decision making. How does a subject
decide to say: "Yes, I know this is different from what I said yesterday"? The answer
to this question involves semantic associations. Highly associative word<; provide the
major source of errors, implying that storage is based more on semantic than on visual
characteristics (Underwood and Freund, 1968).
A study about semantic errors in recognition shows that raw material is processed
semantically because of transitive logic in input sentences (Nishikawa, 1989).
Understanding a sentence results in a semantic representations, both verbally and
visually (Pavio, 1971 ). The sentences a pathologist read<; on tape are gran1matically
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correct, yet merely simple sentences of separate facts which form a diagnosis
together.

Environmental influence
The degree of overlap between the environment at the time of storage and the
situation at the time of retrieval is an important factor for proper recall. Compatibility
of the physiological state or the internal mood of an organism during learning and
recall results in better performance (Godden and Baddely, 1975). This phenomenon is
called State Dependent Retrieval. The experimental back-up for this phenomenon
merely concemes recognition experiments (Godden and Baddely, 1980).
An investigation of context suggests that circumstances during retrieval can have a
negative reinstatement effect Many cues in a recall situation similar to the encoding
situation may prompt reliance on environmental cues at the expense of other
potentially more effective cues (Wilhite, 1991). This implies that a high degree of
compatability between storage and retrieval situations is not the best guarantee for
proper recall (this does not rule out the importance of compatibility between the
modalities of perception in storage and retrieval situatfons).
Reinstating the mental context can be seen as a nuissance that masks other contextual
effects of interest (Humpreys, Bain and Pike, 1989). Reca11 is a cognitive
representation evoked by the reading of reports, not a building up process of physical
or intema 1stimuli. Accordingly, complete imitation of the situation of storage is not
necessary for recall, but evoking a representation of the initial diagnosis is.

In a model for interference and retrieval developed by Mensink and Raaymakers
(1988) the importance of environment is mentioned. The model is based on an
associative memory model (Gi11und and Shiffrin, 1984). They argue that retrieval
strength is proportional to the overlap between contextual elements during storage and
retrieval (for recognition as welJ as for recall). Contextual fluctuation may result in a
reduction in the overlap of contexts. At the san1e tinle changes in context may also
lead to an increase of the strength of other images, those with more overlap with the
current context cue (Mensink and Raaymakers, 1988).

Cuing
The importance of effective cues for proper recall has been mentioned above. Cues
could lead to retrieval, but there is also the possibility that a subject is mislead by
cues. Pathologist'\ might be mislead by the changed reports. They recognize a part of
a sentence which evokes a concept in their memory. This representation might he
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correct while the sentence it.self is not The fact that semantic representations are
evoked instead of features is obvious, considering the investigations described in the
previous sectfon.
Spiro (1980) argues that reco]]ecting old information would require constructing an
interpretation of the past that coheres with the relevant informatfon. This need not he
similar to the original memory and therefore recoUecting informatfon results in
accomodation faults.
If representations are stored instead of features, then the modalities of perception and

retrieval should not be of influence. However, in a theoretical model caUed CROP
(Cue Retrieval Of Prose) this irrelevance is not confirmed (Johnson, 1989). Johnson
subscribes to the importance of semantic similarity between encoding and retrieval,
but he adds several other assumptions. Cue efficiency depends on the extent to which
cues tap the organizational structure of the original encoding. A third assumption
concerns the physiological processes initiated when retrieval cues are available. A last
point he mentions is that the greater the number of shared referents of a retrieval cue,
the larger the potential target population for that cue. The availability of such a cue
wi11 trigger many concepts. Accordingly, general changes made in the reports that can
trigger many concepts wi11 not he very alarming. Johnson explains his theory in
several statements, a summary of \Vhich will he useful.

*

Effectiveness is directly related to the extent to which meanings aroused by
the cue overlap with meanings established during the encoding of the target
sentences.

*

The availability of previously recovered schematic cues increase the retrieval
of related target units. This implicates the danger of finishing certain wrong
cues in a recalled representation.

*

Cues that are disembodied from the contextual biI1dings established during
encoding are more effective retrieval cues. Verbatim cues usually consist of
localised contents and are less likely to match the gist representations in
memory. Bartlett argues that cues which preserve the gist of
information are more effective than specific cues (Bartlett, 1932).

*

The greater the number of verbatim prose units used as retrieval cues, the Jess
probable retrieval of the remaning target units becomes. Verbatim cues are by
definition cues with meanings of their own. This exerts a negative influence
on remembering the remaining targets. Moreover, interferences increase
with the number of such cues (Roedriger, 1973).

*

The more important. the cue is to the semantic structure of the text, the greater
the effectiveness of that cue. Nevertheless, sma]] changes resulting in text-;
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with different meanings are overlooked by pathologists. The meaning of
each coupe does not seem to be stored as such either.
*

The subjects' proficiency in recalling texts is inversely related to the amount
of recall. They believe they are better off without retrieval cues.

*

If recall is impaired by false cues, then adding more and more cues has no

effect.
*

External retrieval cues, like a typed report, are less effective then selfgenerated cues. It forces the reader into retrieval patterns that do not accord
wen with the existing ac;;sociations in memory.

At best, cues can trigger semantic information, if events have been stored first If
they have meanings in themselves, subjects are inclined to take over the meaning of
the cues instead of recalling the meaning of the initial memory.

Background knowledge
The reader's knowledge creates the framework for perception and thus for storage, but
it is at least as important for the retrieval process. The knowledge a person has of
certain material enables him to perceive stimuli in a framework, a schema. Schemata
are very helpful for reca1I. They contain procedural information about events that
occur more or less frequently. Note that they contain, therefore, solely semantic
infonnation, not episodic!
TI1e available cues activate a certain schema represented in the mind, appropriate or
not The missing details are filled in by the subject The initial processing is strictly
bottom up (Flammer and Kintsch, 1982). After this bottom-up process results in the
activation of a schema, then top-down processes start filling in the missing pieces. If a
pathologist should recognize something a" an error in a report, then a schema in his
mind has to be activated while the gist of the text he is reading represents another
meaning. Hammer and Kintsch's paradigm is based on extensively studied material:
the recall of lists of words. Some words are recalled directly, others with the help of
the generation of semantically or contextually related representations (Flammer and
Kint.sch, 1982). This implies that apart from semantic information episodic
infom1ation can also be stored in memory that can directly be retrieved and must
therefore be stored directly.
If not, memory depends on the semantic information captured in schemata.

Pathologists have very specific and refined knowledge at their disposal, which
enables them to capture almost anything they observe in hmmm tissues into shemata.
These schemata have been formed during years of experience. Therefore, most of the
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time a pathologist will not store coupes episodically, but semantically, as a specimen
of one of the schemata for tissue diagnosis. To ask them to recall specific coupes will
therefore be unreal Recognition of specific coupes is more realistic, though the
changed text it.self will interfere semantica11y with the material that has yet to be
identjfied.
Resuming the environmental factors, background knowledge and cumg characteristics
necessary for recall, retrieval of specific coupes is too much to demand, unless recall
is an aim in itself. Pathologists do not observe in order to recall coupes, they observe
to form a diagnosis. They do not try to remember coupes and what it is they
remember is processed unconciously. It consists of the semantic gist of all the coupes
they see and of a few unusual coupes that do not fit in their knowledge. If recollection
of specific coupes is desired, then the process of cuing should contain semantic cues
referring to the initial coupes, not manipulated reports containing information in
themselves.
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Chapter 5. Conclusions

In this paper the pathologist's inability to correct their own report.s has been
approached as a memory issue. The problem of improperly corrected reports has been
regarded as if it were caused by the inability of pathologists to recapture the coupe or
spoken text. This inability causes a lack of available material with which the typewritten reports can be compared. The problem of this insufficient recollection of
material can be localised in storage, retention and retrieval processes.
It was concluded from the literature, that seeing stimuli encountered by pathologists
are not likely to be stored in long term memory. Coupes in themselves are episodic
images. They will only enter long tenn memory if they are conspicious and add
something new to the pathologist's knowledge. If they are not, they

,,,m be replaced

by newly encountered events all the time, as for instance someone who does not
remember where he/she parked the car the day before yesterday, but remembers
where it is parked today. At best, the individual in1age~s will be fit into the knowledge
of a pathologist and Jose their individuality.
Adding information to a person's knowledge, stored in LTM, may eventually result in
a certain exper6se. Expertise does not necessarily mean that separate stimuli are
remembered. Pathologists abstract the gist of all encountered images, which is stored
in memory. Pathology student.s as opposed to experts remember individual coupes,
trying to find systematicaJJy returning feat:ures.
A lack of Jong term storage of single episodes in the memory of pathologists is a first
possibility of the impaired recall of necessary information in the correction process:
the material has never been stored.
The second cause of an impaired retrieval may be in the interval between storage and
retrieval: the retention period. During this period interference and decay processes can
cause a destortion of material in memory. New information is integrated in the old
information or episodes are replaced by newly encountered events. Schemata could
also be mingled or lost after a certain interval, but in this case it does not seem
relevant: pathologists who participate in experiments are not experts past their prime
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who confuse symptoms. They have up-dated knowledge about human tissue stored in
their long term memories. Thus, only episodic memory is prone to interference or
decay. Unfortunately, remembering coupes as individual instances requires episodic
memory, and one can therefore assume that remembering coupes will he limited to
the memory of the most recent ones and not the coupes encountered less recently. The
lack of recall for coupes or individual diagnoses during correction can also be caused
in the retention interval.
The last aspect that can underly the bad recall for coupes and diagnoses is the retieval
situation. In the case of the pathologists the retrieval situation is not ideal to
remember stored features or text itself. The perception mode of stimuli is rather
different from that of retrieval cues offered. Also the material itself is different in the
two situations: initially images a.re studied while eventually words are read. Thus, the
input and output differ with regard to material and the way of perceiving that material.
The cues offered in the retrieval situation are not adequate enough for recalling the
informatfon needed for correctfon. However, it is quite possible that the information is
not held in memory. Accordingly, retrieving that information is not possible.
A visual representation in addition to the auditory perception of the text that is being
read on tape will probably result in a higher compatibility between input and output
This is necessary if remembering of text or coupes is desired.
Another step in the right direction might be a shorter interval between diagnosis and
correction. In a shorter retention interval, destortfon during retention is less prohahle.
What has been completely left out of this discussion is the capability for correcting
someone else's report. When reading somebody else's report, no material is stored in
memory except for the background knowledge the reader has. This resembles the
situation in which the recollection of material is impossible. If the imperfect
correction is due to the fact that pathologists do not remember the coupe or text
anymore, then the same errors should be overlooked in another pathologist's report.
No investigation has been carried out using other pathologists' reports, but I suspect
Jess mistakes will he overlooked in others' reports. One is much more keen on finding
mistakes. In reading one's own texts one might be too self-confident, or reading
sentences that contain some errors might trigger the sentences that were meant to be
produced. Therefore they do not register errors. If the correcting the reports of others
is not as difficult as correcting one's own reports, then it is not only a matter of
memory impai1ment. Relying on partly recognised words of one's own can also
concern other psychological aspects .
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Approaching the pathologist's problem as a memory issue suggests that the problem
may he solved by improving memory. However, complete and perfect recolJection is
both impossible and unnecessary. Pathologist" are responsible for the report" they
dictate and therefore they have to verify them after transcription and sign them. This
procedure is used because it is prescribed by Jaw or regulations, not because
pathologist are regarded as the ideal correctors of tissue diagnoses.
Since this is defined by Jaw, no improvement could be obtained as far as this
procedure is concerned.
What can be improved is the process of correction by the pathologist itself. Firstly, it
is not necessary to wait until the next day to correct the reports. Secondly, it is not
inevitable that the perception modes of input and output are as different as speaking
and reading. A new system is being developed in which an artificial speech
recognizing system directly translates spoken words into type-written text. This
enables the pathologist to read directly the words he is saying and it makes instant
correction possible, thereby reducing the number of errors he is likely to overlook in
the present situatfon.

27

References
Akerboom, S.P. (1989) Het Begrijpen en Ontbouden van Radioverkeersinformatfo.
Proefschrift, Rijksuniversiteit Leiden
Baddely, A. (1990), Human Memory. Theorie and Practice. London: Lav.rrence
Erlbaum Associates, Publishers
Bahrick, H.P. and Bahrick, P. (1971) Independence of verbal and visual codes of the
same stimuli. Journal of Experimental Psycholo2:v. 91(2) 344-346
Bain, J.D. and Humphreys, M.S. (1989) Instrnctional reinstatement of context: tl1e
forgotten prerequisite. In AF. Bennet and K.M. Mcconkey (Eds.) Cognition in
individual and Social Context. (vol. 3) North Holland Publishers Company.
Bartlett~ F.C. (] 932) RemberiTH!: a Studv in Experimental and Social Psvchologv.
Cambridge, U.K.: Cambridge University Press
Brown, J. ( 1958) Some tesb of <lecay tl1eory of immediate memory. Quarterly Journal
of Experimental Psychology. 10. 12-21
De Bruijn, L.M., Verheyen, E. Hasman, A. Van Nes, F.L. and Arends, J.W. (1993)
Speech interfacing for diagnosis reporting systems: an overview. Proceedings of

the Twelfth International Congress of the European Federation for Medical
Inforn1atks. Lisbon, 1994
Cantor, J. and Engle, R.\V. The influence of concurrent load on mouthed and
vocalized modality effects. Memorv and Cognition . .llifil., 701-711
Chechile, R.A. (1987) Trace susceptibility theory. Journal of Experimental
Psvcholo2-v: General. l l 6(3), 203-222
Chechile, R.A. and Ehrensbeck, K. (] 983) Long term storage losses: A dilemma for
multi store models. Joumal of General Psychology. 109 1 15-30
Colle, H.A. and Welsh, A. (1976) Acoustic masking in primary memory. Journal of
Learning and Behavior, ll, 17-32
Conrad, R. and Hull, A.J. (1968) Input modality and the serial positfon curve in short
term memory. Psychonomic Science, !Q, 135-136
Crakk, F.I.M. and Lockhart, R.S. (1972) Levels of processing: A framework for
memory research. Journal of Verbal Learning and Verbal Behavior. l!., 671-684
Damos, D.L. The effect of asymmetric transfer and speech technology on dual task
performance. Human Factors. 27(4). 409-421

28

Daneman, M. and Stainton, M. (1993) The generatfon effect in reading and proof
reading: Is it easier or harder to detect errors in one's own writing. Reading- and
\Vriting. 5(3). 297-313
Dillon, R.F. (1973) Locus of proactive interference effects in short term memory.
Journal of Experimental Psychologv, 990). 75-81
Duncan, J. (1980) The Demonstration of capacity limitation. Cognitive Psychologv,

g, 75-96
Fagot, C. and Pashler, H. (1992) Making two responses to a single object:
implications for the central bottleneck. J oumal of Experiment;1l Psvchologv. 18(4 ),
1058-1079
Flexser, A.J. and Tulving, E (1978) Retrieval indepence in recognition and recall.
Psychological Review. 85(3), 153-171
Gillund, G. and Shiffrin, R.M. (1984) A retrieval model for both recognition and
recall. Psychological Review. 21.i!.l, 1-44
Gladstone. W.H. Regan, M.A. and Lee. R.B. (1989) Division of aatention: the single
channel hypothesis revisited. Quarterlv Journal of Experimental Psvchological.
41A(]), 1-17
Glen berg, AM. and Langston, W.E. (] 992) Comprehension of i]]ustrated text:
pictures help to build mental models. Journal of Memorv and Language, 11, 129151.
Hasher, L. and Griffin, M. (1978) Reconstrnctive and reproductive processes in
memory. Journal of Experimental Psychology: Human Leaming and Fometting.

±.,

318-330.
Humphreys, M.S. Bain, J.D. and Pike, R. (] 989) Different ways to cue a coherent
memory system: a theory for episodic, semantic and procedural t;1sks.
Psvchological Review. 96(2), 208-233.
Johnson, R.E. (1989) Cue dependent retrieval of text: a theoretical model. In A.F.
Bennet and K.M. McConkey (Eds.) Cognition in Individual and Social Context.
(vol. 3) North Holland Publishers Company.
Jou. J. and Harris, R.H. (1992) The effect of divided attention on speech production.
Bulletin of Psychonomic Society, 30(4), 301- 304.
Kahneman, D. ( 1973) Attentfon and Effort New York: Prentice Hall.
Keppel, G. and Underwood, B.J. (1962) Proactive interference in short term retention
of single items. Journal of Verbal Learning and Verbal Behavior I

C_ 153-161.

Kint.sch, W. (] 970) Learning. Memorv and Conceptual Processes. New York: John
Wiley and sons.

29

Kintsch, W. (1982) Discourse Processing. in Flammer, A. and Kintsch, W. (Eds.)
Advances in Psychology VIII: Discourse Processing. North Holland Publishing
Company. 186-202
Laming, D. (1992) Analysis for short term retention: models for Brown-Peterson
Experiments. Journal ofExperin1ental Psvchologv: Leaming_ Memorv and
Cogntion 1 18(6). 1342-1365.
Levy, M.C. and Jowaisas, D. (1971) Short-term mememory: storage, interference or
decay? Journal of Exverin1ental Psychology, 88(2) 2 189-195.
Loess, H. (1964) Proactive inhibition in short term memory. Journal of Verbal
Leaming and Verbal Behavior. l, 362-368.
Martin, E. ( 1971) Verbal Leaming theory and independent retrieval phenomena.
Psychological Review. 78, 314-332.
McGeoch, J .A. (1943) Retroactive inhibition as a function of degree of interpolated
learning. Journal of experimental Psychology, 32(3), 185-200.
McLeod, P. (1977) A dual task response modality affect: support for the multi
processor model of attention. Quarterly Journal of Experimental Psvchologv.

~

651-667.
Mensink, G.J. and Raaymakers, J.G.W. (1988) A model of interference and
forgetting, Psychological Review, 95(4), 434-455.
Moray, N. (1967) Where is capacity limited? A survey and a modeJ. Acta
Psvchologica, '11,; 84-92.
Miller, G.A. (1956) The magical number seven. plus or minus two: some lin1its on
our capacity for processing infom1ation. Psvchological Review. 63, 81-97.
Miller, J. (1982) Divided attention: evidence for coactivation with redundant signals.
Cognitive Psvcho]ogv.1±, 247-279.
Miller, M.A. and Selfridge, J.A. (1950) Verbal context and the recall of meaningful
material. American Journal of Psychology, 63, 176-185.
Murdock Jr., B.B. and Walker, K.D. (1969) Modality effects in free recall. Journal of
Verbal Leaming and Behavior, 8, 665-676.
Muter, P. (1980) Very rapid forgetting. Memory and Cognition,..llill, 174-179.
Nishikawa, Y. (1989) Semantic errors observed in re.cognition tasks. in A.F. Bem1ett
and K.M. McConkey, Cognition in Individual and Socia] Context.
Norman, D. and Bowbrow, D. On data-limited and resource-limited processes.
Cognitive Psvchologv. 7, 44-64.
Norman, D.A. (1978) Memorv and Attention: an Introduction to Human Infonnation
Processing. New York John Whiley and sons, Inc.

30

Pashler, H. (1984) Processing stages in overlapping tasks: evidence for a central
bottleneck. Journal of Experimental Psvchologv: Human Perceptfon and
Performance, 10(3). 358-377.
Pashler, H. (1989) Dissociations and dependencies between speed and accuracy:
evidence for a two component theory of divided attention in simple tasks.
Cognitive Psychology, ll, 469-514.
Pashler, H. (1990) Do response modality effects support multi-processor models of
divided attention? Journal of Experimental Psychology: Human Perception and
Performance, 16(4) 826-842.
Pavio, A. (1971) Imagerv and Verbal Processes. New York: Holt, Rinehart &
Winston.
Peterson L.R. and Peterson, M.J. (1959) Short term retention of individual verbal
items. Journal of Experimental Psychology, 58. 193-198.
Petrusic, W.M. and Dillon, R.F. (1972) Proactive interference in short time
recognition and recall memory, Journal of Experimental Psychology, 95(2). 412418.
Pollack, I. (1953)The assin1ilation of sequential encoded information. American
Journal of Psychology, 66. 421-435.
Posner, M.I. and Konick, A.F. (1966) On the role of interference in short tenn
retention. Jmmial of Experimental Psychologv, 72(::!), 221-231.
Postmm1, L. and unden:vood, B.J. (1973) CritkaJ issues in interference theory.
Memorv and Cognition, 11940.
Robbins, A.H., Horowitz, D.M., Srinivasa, M.K., Vincent, M. E., Shaffer,
K.Sassowski, N.L. and Sonnefeld, M. (1987) Peech controlledgeneration of
radiology reports. Special Report; Radiology 1987. !M., 567-573.
Roedriger, H.L (1973) Inhibition in recall from cuing with recall targets. Journal of
Verbal Leaming and Verbal Behavior.12, 644-756.
Roedinger III, J.L.. Knight, J.R .. and Kantowitz, B.H. (1977) Inferring decay in short
term memory: the issue of capacity. Memory and Cognition, 5(2), 167-176.
Schank, R.C. and Abelson, R.P. (1977) Scripts, Plans, Goals and Understanding: an
inquiry into human knowledge structure. Hillsdale, New Yersey: Lawrence
Erlhaum Associates.
Schooler, J.W. and Engstler-Schooler, T.Y. (1990) Verbal overshadowing of visual
memories: some things are better left unsajd_ Cognitive Psvchology . .f.1.36-71.
Snodgrass, J.G., Volvolitz, R. and Walfish, E.R. (1972) Recognition memory for
words, pictures and words+pictures. Psvchonomic Science, 27(6), 345-347.
Snodgrass, J.G., Wasser, B., and Finkelstein, M. (1974) On the fate of visual and
verbal memory code for pictures m1d words: evidence for a dual coding mechanism

31

in recognition memory. Journal of Verbal Learning and Verbal Behavior, 1.12737.
Spiro, R.J. (1980) Accommodative reconstruction in prose recall. Journal of Verbal
and Leaming Behavioc 12., 84-95.
Taylor, M.M., Lindsay, P.J. and Forbes, SM. (1967) Quantification of shared capacity
processing in auditory and visual discrimination. Acta Psvchologica. rL 223-229.
Thune, LE. and Underwood, B.J. (1943) retroactive inhibition as function of the
degree of interpolating learning. Journal of Experimental Psychology. 32(3) 2 185199.
Thorndike, P.W. and Hayes-Roth, B. (1979) The use of schemata in the aquisition and
transfer of knowledge. Cognitive Psycho1ogv, !L 82-106.
Tulving. E (1966) Subjective organisation and effects of repetition in multi trial free
recall learning. Journal of Experimental Psychology,~ 55-63.
Underwood, B.J. and Freund, J.S. (1968) Errors in recognition, learning and retention.
Journal of Experin1ental Psychology, 78, 55-63.
Verheyen, E.J.A., Be Bmijn, L.M., Van Nes, FL, Hasman, A., Arends, J.W. (1994)
Automatic Speech Recognition in Diagnostic Environment: Will it in1prove
reliability. (IPO report no. MS 1039) Eindhoven, Istitute for PerceptuaJ Research,
submitted to Behavior and Infom1ation Technology.
Vidulich, M.A. (1988) Speech response and dual-task performance: better timesharing or asymmetric transfer? Human Factors 2 30(4), 517-529.
Wadil1, P. and McDaniel, M.A. (1992) Pictorial enhancement of text memory:
limitation imposed by picture type and comprehension skill. Memory and
Cognition 2 20(5), 472-482.
Wagenaar, W.A., Varey, C.A. and Hudson, P.T.W. (1980) Do audiovisuals aid? A
study of bisensory presentation on the recall of infom1ation. in H.Bouma and P.G.
Boulmis (eds.) Attention and Performance X. London NewYork: Hil1sdale. pp.379390.
Wagenaar, W.A. (1978) In M.M. Grunenberg, P.E. Morris and R.N. Sykes (Eds.)
Practical Aspects of Memory. London: Academic Press.
Wagenaar, W.A. and Visser, J. (1979) The wather forecast under the weather.
Ergonomics, 22(8), 909-917.
Waugh, N.C. and Nom1an, D.A. (1965) Primary Memory. Psychological Review, 7,2
89-104.
Wickelgren, W. Single trace fragility of memory dynan1ics. Memorv and CoQTlition,
2( 4), 775-780.

\Vickens, D.D. (1970) Encoding Categories of Words: an empirical apprach to
meaning. Psychological review, 'JL 1-15.

32

Wickens, C.D. (1980) The structure of attentional resources. In R.Nickerson (Ed.),
Attentfon and Performance VIII. Englewood Cliffs: Erlbaum.
Wi1hite, S. L. (1991) Evidence of a negative reinstatement effect BriWsh Journal of
Psychology. §1., 325-342.

33

