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ABSTRACT

The following series of experiments was designed fo investigate
verbal and visual codlng differences for visuatlly presented words and thelr
corresponding plctures in a STM task. Results show that verbal and visual
short-term coding depends on task requirements. In a free recall situation,
words and plctures have to be labelled for the response task, and sub-
sequent recall scores reflect verbal coding in both conditions. |f verbal
coding of pictures can be reduced, as in a recognition task, evidence for
verbal and visual short-term coding processes can be obtalned in con-
junction with verbal inferference-and rehearsal activities during the re-
tention interval. The damaging effects of verbal interference and the
facilitative effects of verbal rehearsal for the verbal short-term store
have been reconfirmed in this experiment. The same interpolated activities,
in contrast, have been shown to exert an undifferentiated effect on the
visual short-term store. The data are interpreted as supporting previous
findings of the verbal short-term store characteristics. In contrast,
the picture recognition data seem indicative of a visual short-term store.
In contrast fto the verbal store, however, the visual store shows a lack
of, or at least an Ineffective rehearsal mechanism in the given experi-

mental situation.
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GENERAL INTRODUCTION

Memory research within the last decade has provided sufficient
evidence in favour of a trichotomous human memory sysfem persuading even
the more traditional theorists to abandon the previously accepted unitary
memory concept. While there Is less than unanimous agreement on the nature
of and necessity to include parficufar subsystems, several of these seem
to reappear consistently In various models, though in slightly altered
forms. In general, these basic memory sﬁbsysfems include a sensory memory,
and a short term memory system as well as the more familiar Jong fterm
memory.

Ample support for the concept of a sensory memory, at least in the
visual modallty, has accumulated since Sperling's work with tachistoscoplc
stimuius presentations (Sperling, 1960; Neisser, 1967). This line of
research has established that after the termination of a visual stimulus,
some Information continues to be available to § for further processing for
a brief period of time. In general, the findings suggest that the visual
stimulus leaves a brief sensory trace which rapidly decays during a period
of several hundred milliseconds, which 1s subject to masking and replace-
ment by immediately succeeding stimuli. A similar case has also been made
for the auditory modality in Neisser's (1967) echcic memory system, and
Crowder's (1970) precategorical acoustic storage.

While sensory traces of this kind almost border the realm of per-
ception, and subsequently can be easily identified as a distinct memory
system, the dichotomy between short-term-memory (STM) and long-term memory

(LT) underwent a more controversial development. The need to distinguish



between a primary and secondary memory system had already been realized by
Witliam James (1890). Yet, It was not until Peterson and Peterson (1959)
set the groundwork for an operational distinction between the two systems
that theoretical models emerged which utilized this dichotomy (Waugh &
Norman, 1965; Neisser, 1967; Atkinson & Shiffrin, 1968).

The distinction between STM and LTM is based largely on two criteria:
flirst, the operational definittion describing the experimental situation;
second, characteristics ascribed to memory structures and processes oper-
ating within the two experimental paradigms. Short-term memory experi-
ments are usually defined as Investigating memory after single, brief
stimulus presentations and short retention intervals. In contrast, LTM
experiments make use of repeated trials and relatively longer retention
intervals. Basic characteristics proposed for STM include a {imited
storage capacity, a rehearsal mechanism, and a coding mechanism which re-
lles predominantiy on verbal-acoustic features of the stimulus material.
In contrast, LTM characteristics include, among others, an unlimited storage
capacity, indefinite retention of stored information, and elaborate coding
mechanlisms.

Probably the most fruitful current memory model utilizing these
subsystems has been developed by Atkinson & Shiffrin (1968). Subdivided
Tnto the sensory memory (SM), short-term store (STS), and long-term store
(LT5), the mode!l introduces several innovative features with potentially
far reaching implications for memory research and theory. For lInstance, a
clear distinction is made between STM and STS - similarly between LTM and

LTS - which is generally basec on the previously discussed defining criteria



of each subsystem. Hence, STM refers to the operational definition of the
experimental situation and STS to the memory mechanism underlying the
previously discussed characteristics which may obtain in a STM task. In
addition, there is a strong attempt to differentiate between structural
features and control processes, as well as their interaction, within each
subsystem. This particular aspect of the model is, however, still at a
highly tentative stage due to the lack and difficulty of experimental valid-
ation. Yet, the model at least takes these necessary refinements of a
theory info consideration. Similarly, though the model Is largely based
on research with verbal stimulus material, it provides ample room for
additions of non-verbal memory processes, thereby encouraging research in
other memory modalities not yet adeguately investigated. Apart from pre-
senting a comprehensive, workable model for current memory research,
Atkinson & Shiffrin succeed in providing a theoretical framework designed
to stimulate and Incorporate a vast amount of future memory research.
Evidence supporting the trichotomy of human memory is by no means
unambiguous, yet does point towards the general validity of the concept
with regard to STS characteristics, for instance, it sometimes becomes
necessary to rely on inferences from widely divergent research In order to
arrive at acceptable postulates. For example, short-term memory capacity
had long been investigated (Miller, 1956), though in a different context.
Whether employing digits, letters or words, Miller found the immediate
memory span to be fairly constant if measured in terms of number of items,
i.e. seven 1tems plus or minus two. But, in terms of information content,

this finding does not hold across types of stimulus material. Miller over-



ﬁomes this paradox by expressing the basic unit of memory storage in "bits
of information." That is, one letter and one word with several letters
constitute each one bit of information. Atkinson & Shiffrin interpret
the Iimited storage capacity of STS in terms of rehearsal processes. They
propose a rehearsal buffer of fixed size which is determined by Input and
reorganisafion.facfors of the experimental situation.

More critical than the specific size of the rehearsal buffer, i.e.,
STS capacity, Is its important function as a Eegenerafing mechanism of
STS Tracesl (Atkinson & Shiffrin, 1968). Evidence of the functional
significance of the rehearsal mechanism derives from two divergent experil-
mental operations, i.e. Introducing rehearsal or interference during the
retention interval in a STM task. In the typical interference paradigm,
initiated by Peterson and Peterson (1959), S is presented with the stimulus,
which is followed by a three digit number from which S has to count back-
wards by threes until cued for the response task. Murdock (1963) found
recall of triads and trigrams to decrease to a probability of .08 after
I5 tfo 18 seconds of counting backwards. In contrast, if rehearsal is
allowed during the retention interval, recall for letters, words, and
sentences has been shown to increase over a |0 second delay (Crawford,
Hunt & Grahame, 1966). Combining The two operations, recall can effec-
tively be manipulated by introducing repetitions (Hellyer, 1962) or re-
hearsal (Stonner & Muenzinger, |969) before the onset of the interference
task.

In terms of Thé Atkinson and Shiffrin model the folliowing events

are assumed to occur in these experimental situations. When the stimulus



is presented it enters the sensory memory and is at once transferred to
the STS, where an attempt is made to rehearse the stimulus material. Such
attempts are terminated when attention is given to the interference task.
The decreasing response strength with longer interference intervals sub-
sequently reflects the continuous loss of information from STS if the
material is not rehearsed. Almost complete loss of information in STS

is postulated to appear after 15 to 30 seconds. The observation that re-
call probability is not zero after |5 seconds (Murdock, 1963) is attributed
to an initial build-up of memory traces in LTS. This initial bulild-up of
the LTS trace can be regulated by introducing repetition or rehearsal be-
fore the interference task. On the other hand, in an experimental situ-
ation without an interference task there will be no loss of information
from STS, given optimal experimental conditions, since the rehearsal
mechanism serves to regenerate short-term traces as well as to transfer
information to the more permanent LTS. Hence, response scores in this
situation will be facilitated by STS and LTS. In effect, the functional
importance of the STS rehearsal mechanism appears to be threefold: it
prevents loss of information in STS, builds up short-term traces by con-
tinuous regeneration, and is instrumental in the transfer of information
to LTS.

The third important feature of STS is the predominantly verbal-
acoustic effects in STM experiments. Sperling (1960, 1963) postulated an
"auditory information storage™ in immediate memory as a result of observing
a3 targe number of auditory confusion errors with tachistoscopically pre-

sented stimuli. Further support for verbal-acoustic effects in STM derived
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from a paradigm which investigates error scores after presenting strings

of either acoustically similar or dissimilar items. The generally con-
sistent findings in this experimental situation are: ) substitution errors
tend to be acoustically confusing items; and 2) there is a higher error
score with acoustically similar than dissimilar lists. These results

hold for strings of consonants, whether auditorily presented and embedded

in noise (Conrad, 1964) or visually presented (Wickelgren, 1965), and are
also conslistent for words, (i.e. homophones), In a recall (Kintch &

Buschke, 1969), or recognition task (Wickelgren, 1966).

The latter findings are quite in contrast to LTM research vhere
performance is shown to be impaired by semantic but not acoustic similar-
ity (Baddely, 1966). The implications of this line of research, therefore,
strongly suggest that STS relies largely on acoustic coding and is re-
latively unaffected by the semantic content of the message to be stored.
However, semantic factors may be important under given experimental mani-
pulations in a STM experiment (Wickens & Eckler, 1968).

Thus, STM experiments employing a variety of tasks and stimuli
tend to present consistent evidence in favour of STS as a distinct memory
system. Storage capacity seems certainly the least disputable distinctive
feature, simply because of the experimental requirements of the respective
memory tasks. The significance of the rehearsal mechanism in preventing
loss of information from STS and in implementing the transfer process to
LTS has also been adequately displayed with help of rehesarsal and inter-
ference activities in STM experiments. Furthermore, acoustic versus

semantic similarity effects on STS and LTS suggest distinctively different



coding mechanisms for the two subsystems.

At the same time, however, it is not certain that STS is an ex-
clusively verbal-auditory memory system. Evidence suggesting non-verbal
short-term processes has been obtained in a variety of experimental situ-
ations. In an experiment correlating the ability to reproduce briefly
exposed figures with the ability to describe them, Cohen and Granstrdm
(1969) found a higher positive correlation between performance on the two
tasks for complex than for simple figures. Cohen and Granstrom suggest
that the difference is due to visual memory which plays a greater roie in
memorizing simple figures. However, their evidence for a visual STS has
to be evaluated in light of two critical factors in the experiment:
visual and verbal aspects of the experimental task are not experimentally
separated, and, the correlations are based on two different paradigms,
l.e. a Peterson and Peterson (1959) task for reproduction versus a 90-sec.
stimulus exposure during deécripfion. More convincing evidence for a
visual STS is presented by Posner's (Posner, 1967; Posner & Konick, 1966)
visual location task, in which S has to reproduce the angle of a previously
presented |ine segment in a typical Peterson and Peterson paradigm. Re-
sults show that a rest pericd, i.e. time for verbal rehearsal, does not
facilitate performance,>while a written interpolated task lowers the
accuracy of the location response. In addition a more accurate response
level can be obtained by giving S visual rather than exact verbal inform-
ation of the stimulus angle. In this sifuation the stimulus material
apparently cannot be readily encoded verbally. Therefore, verbal re-

hearsal and verbal stimulus information do not lead to response facilit-



ation. On the other hand, during the written interpolated task, attention
Is diverted from the -STS of the stimulus pattern, leading to a decrement

in performance. The Ymplicafions here are still ambiguous. The decreasing
response level after Interference seems typical of verbal storage. Yet,
the superior performance with a visually presented stimulus angle over
exact verbal Information of the stimulus angle, as well as the Ineffective~
ness of verbal rehearsal, strongly suggest that other than verbal short-
term processes are involved in an experiment of this type. [t seems
difficult, however, to determine empirically to what extent kinesthetic

or visual short-term processes are underlying these results.

Up to this point, non-verbal short-term processes have been dis-
cussed with reSpecT.fo visually presented stimulus information which can
not be readily verbalized. The question then arises as to what happens,
when a given stimulus configuration, presented visually, can be equally
well encoded verbally or non-verbally; i.e., in a visual, physical form.
Words and diglts, for instance can be labelled, as well as recognized, as
physical configurations. Will the visually presented letter, therefore,
be encoded in verbal-acoustic properties or physical-visual properties of
the stimulus? The previously discussed research points strongly towards
verbal-acoustic coding of letters in STM experiments. However, under
different experimental manipulations, as in a visual search task, Gibson
and Jonas (1966) demonstrated that visually confusing letters lead to
lower performance than do acoustically confusing lists of letters. Since
the task requirements in this experiment involve a visual scanning of an

array of letters, visual storage of the Targeflleffer seems a more efficient



working modality for this task. Whether this visual storage is in STS or
LTS, however, is unclear,

Other research suggests that there are also modality-specific
interference effects. Margrain (1967) found a stronger interference effect
for recall of visually presented words following written than verbal inter-
polated activity. On the other hand, in an auditory shadowing experiment
recall suffered more for audiforily than for visually presented letters,
but only after a 25-second retention interval (Kroll, Parks, Parkinson,
Bieber & Johnson, 1970). Interesting as these data are in their implic-
ations with respect to verbal and non~verbal short-term coding mechanisms,
possible conclusions from this type of evidence have to remain tentative
until supported by future research.

Further evidence suggesting that non-verbal encoding processes
can be found in a variety of “same-different’™ recognition experiments.

In a letter matching task, reaction time is faster in a physical than a
name match, if the letters are separated by up to one second (Posner,

Boies, Eichelman & Taylor, 1269). The superiority of a physical match,
however, disappears with an interstimulus interval of two or more seconds.
If sensory memory involvement can be considered in this task, the following
interpretation will emerge. When the test letter is presented before verbal
encoding is completed, the matching response is mediated by the sensory
trace of the SM, resulting in superior physical matching in the shorter
presentation intervals. Since the memory trace of the SM decays rapidly,
the matching response after a 2-sec. interval is mediated by equally

efficient auditory and visual short-term traces. In effect, there seems



to be a similarly efficient information transfer process from the sensory
memory to STS in the verbal and non-verbal short-term system,.

The evidence reviewed to this potnt is, however, still ambiguous.
While the results are suggestive of non-verbal STS, the data can also bé
explained by other mechanisms. Probably the most convincing attempt to
separate verbal and visua! coding mechanisms in a STM task has been pre-
sented by Tversky (1969). In a manner similar to Posner et al. (1969)
Tversky used a “same-different’ recognition task with a l-sec. inter-
stimulus interval. The stimuli conslisted of visually presented schematic
tfaces and their well-learned names. In each block of trials 5s were pre-
sented with either word or picture stimuli. The first stage was always
followed by either a word cr a picture. Stimuli in the second stage were
always arranged in an eight to fwo ratio. Resulfs showed that reaction
time was always faster for the more frequently presented type of second
stimuii, regardless of whether the first stimuli were words or picfures{
Thus, the evidence from this experiment suggests that verBal material can
be encoded pictorially, and pictorial material can.be encoded verbally.
Furthermore, the particular coding strategies could be effectively mani-
pulated by S's anticipation of fhe response requirements.

A completely different approach to delineate verbal and visual
coding processes has been taken by Paivio and Czapo (1969). Words and
pictures of familiar objects were presented at 5.3 or 2 items per second
and tested on four response tasks. At the fast presentation rate no modal-
ity difference appeared, regardiess of response task. There was a genefal

increase in performance for all groups at the slower rate, with an additional



picture over word superiority for recall and recognition scores. Since
the fast presentation rate was designed to nrevent crossmodality encoding,
i.e. pictures encoded verbally and vice versa, results provide further
support that under given experimental conditions equal auditory-verbal
and visual coding abilities can be demonstrated. Recall and recognition
scores at the slow rate are, however, quite in contrast to previous
modal ity effects in STM research. In light of The response requirements,
i.e. the recognition task lasting 108 seconds, aﬁd since modal ity effects
are in line with LTM characteristics (Shepard, 1967) these data, however,‘
present little arguhenT against previous STM findings, and should probably
be evaluated within a LTM framework.

To summarize, verbal-acoustic variables have been extensively
used in STM research, initially in conjunction with semantic variables
to isolate STM effects, and later in conjunction with visual-pictorial
variables in order to investigate verbal and non-verbal coding mechanisms
in STS. The differential effect of semantic and acoustic similarity in
.TM and STM experiments has been one of the more convincing arguments for
postulating two memory systems. The data strongly suggest that STS relies
heavily on the acoustic characteristics of the input information, regard-
less of visual or auditory presentation, which is quite in contrast to LTS
characteristics. However, alternate coding mechanisms in STM experiments
also have been'pos+ulafed. For instance, if the visual information cannot
be readily verbalized or if the task requirements of The experiment are
not facilitated by a verbal code, short-term processes in other modalities

may be available to S. But, In contrast to evidence supporting the verbal



STS, corresponding non~verbal processes seem still at a highly tentative
stage. The major purpose of the present research was to explore further
ways of contrasting verbal and non-verbal codjng mechanisms in STM tasks,

AT the same time, there is no memory modef available at this stage
which claims to account for all these data collected in STM experiments.
White the Atkinson and Shiffrin model (1968) presents an adequate frame-
work for vérbal—audifory STS processes, it is only the lack of consistent
empirical evidence which hastens them o postulate similar non-verbal
short-term structures and processes. |t is probably worth noting at this
time that most of fthe support for a visual STS has been provided since
thelr model was published. In any case, non-verbal STM systems can be
readlly incorporated in the present structure of their model, and it be-
comes, therefore, ihpor*anf to investigate these systematically to deter-
mine the nature of non-verbal STM effects.

The present research Is, therefore, designed to investigate short-
term memory processes with respect to visually presented words and pictures.
Since pictorial information in the sensory store can be encoded and stored
verbally, given the appropriate experimental situation, the following
question emerges. |If the pictorial information is prevented from being
encoded verbally, does a visual short-term mechanism exist which will
store and rehearse the pictorial information over STHM retention inTérvals?
In other words, can similar structures and processes of the verbal-auditory
STS be found in the visual STS? By presenting a matrix of familiar objects
as elther words or picfures, and testing recognition at various intervals,

it is expected that rehearsal and interference effects of previous ST™M



studies can be replicated with verbal material. The important findings

In this research, however, will center around rehearsal and interference
effects In picture conditions. Since the results can be influenced by
differential acquisition rates in the learning stage, definite predictions
can not bé made at this time, but the implications arising from the re-
sults will under any circumstances be valuable. A comparisoﬁ of the
Iinterpolated activity effects across word and picture presentations should
reveal possible differences or similarities of'The two coding mechanisms,
while a comparison of rehearsal and interference effects in the picture
groups should throw some |ight on the usefulness of the concept of a
visual rehearsal mechanism.

However, before it is assumed that a given experiment has exposed
verbal-pictorial éoding differences of short-term processes, several
critical aspects of the design will have to be carefully considered. One
major problem in a word-picture comparison is the uncertainty as to what
extent the two coding processes might be confounded within each operationally
defined condition. That Is, how readily and how fast are pictures en-
coded verbally, and words coded pictorially, thereby reflecting results with-
in a given condition, which might in fact be mediated by processes in
both modalities. Reaction time measures, for instance, show visual en-
coding of words to be slower than verbal encoding of pictures. Also, words
can be read faster than objects can be named (Paivio & Czapo, 1969). But,
evidence of this kind can only be considered as a rough correlation of
motor and sensory-motor responses with their underlying psychological

processes, without revealing direct evidence about the availability of



these memory processes. |t becomes necessary, therefore, to consider
carefully encoding, storage, and retrieval factors in the design of the
experimental task, in order to reduce, if not eliminate confounding effects

of cross-modality encoding.



EXPERIMENT |

Introduction

The first experiment was designed to determine to what extent
words and pictures can be differentially encoded In their respective
verbal and visual STS, how effective the two codes are in a recognition
sequence, and how damaging verbal interference is on the short-term storage -
in both coding systems. A series of pllot studies, ranging from present-
ing one item, to presenting nine items in a Peterson and Peterson task,
led to the choice of using six items, presented for 1.2 seconds, as an
optimal learning task. The test phase of the experiment consisted of six
item recognition sequences after 0, |5 and 30 seconds of verbal interfer-
ence which could be analysed with respect to recognition and latency
scores.

The choice of particular temporal and task variables was largely
based on previous research findings and results from pilot studies. Hence,
the combination of input capacity and temporal presentation seemed suffic-
iently difficult to allow for errors réflecfing changes due to the inter-
polated activity, while also remaining within the immediate memory span
capacity (Miller, 1956). Although there was no experimental control over
the time S would spend with each item in the matrix, it was expected that
the requirements of the response task would force S to scan over each item
In the matrix at an equally rapid rate, i.e. on the average 200 milliseconds,
to reduce, if not to eliminate cross-modality encoding (Paivio & Czapo,
1969; Neisser, 1967). The choice of a six-item recognition sequence was

partly an arbitrary decision. This task has the advantage of testing a



larger part of the memory store, while possibly introducing additional
delay effects for most recognition responses. In any case, a recognition
task will minimize retrieval problems and, therefore, reflect response
scores which are more sensitive fo memory sforage. I+ also has the
advantage of avoiding the necessity of verbal responding to pictorial
material.

Differential coding mechanisms for visually presented words and
pictures can then be assessed by recognition and latency scores In a
factorial design using words and pictures in the learning and recognition
stage. This design generates two same-presentation groups, i.e. Word-
Word (WW) and Picture-Picture (PP), and two mixed presentation groups,
i.e. Word-Picture (WP) and Picture-Word (PW). Predictions és well as
results of this experiment will have to be evaluated with respect to two
quastions: 1) is the learning rate the same for pictures and words?; 2)
how strong, if any, are the effects of cross-modality encoding? The first
question was tentatively resolved In pilot work where recall and recognition
scores, as well as subjective reports of scanning rates seemed to suggest
similar learning rates for words and pictures. The second problem can
be more satisfactoriiy assessed by a comparison of WW-WP and PP-PW groups.
| f the ﬁixed—presenfafion groups reveal a similar interference effect as
their respective same-presentation groups it can be safely inferred that
the information was stored in the form of the learning phase, 1.e. no
cross-modality encoding. This analysis, of course, precludes a differ-
ential interference effect in WW and PP groups.

Given these two assumptions, the following assessment of differ-



ential storage for word and picture material can be made. Zero delay res-
ponses for WW and PP groups should reflect the most accurate storage
differences due to verbal and visual coding effects. Comparisons among
WW-WP and PP-PW should reveal no differences in recognition scores unless
the stimulus materials are poorly designed. Latency scores in these com-
parlsons should, however, differ because of Increased retrieval problems
in mixed-presentation groups. Interference effects on verbal storage
should lead to lower recognition scores with longer delays, while resQ
ponses in the picture groups should show to what extent the visual store
is affected by verbal inferference. A comparison of WW-WP and PP-PW groups
should in turn indicate the degree of cross-modality encoding under these
experimental conditions.

}f these two assumptions do not hold, different results will have
to be expected. Differential learning rates wiil, of course, render the
analysis of verbal versus visual storage mechanisms worthless. Similarly,
cross-modality encoding, if it accurs in both directions will reduce word-
picture differences within each delay condition. In effect then, while
It might be impossible to separate completely verbal and visual memory
processes in a given experimental design and, in the end, be able to
postulate purely verbal and purely visual components of STS, it can be
expected that at least the results of the design will indicate to what
extent this aim has been achieved.

METHOD

Subjects and Design

Students from introductory psychology courses were contacted by
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phone and asked to volunteer for The.experimenf. Forty males and forty
females, ranging in age from 17 to 23 years, participated In EXP. 1.
Twenty Ss were assigned to each group, i.e. Ww, WP, PW, PP. Each group
was further subdivided info sub-groups of five Ss each receiving a differ-
ent learning list.

Delay was added as a within-subject variable. The three delay
periods, 0, 15 and 30 sec., were randomly assigned to the nine trials in
blocks of threes., Since complete latinization of delay, trials, and sets
of lists seemed unfeasable, two randomly determined delay sequences were
used for 10 Ss in each group. No claim can be made about complete random-
ization of the delay variable, However, similar to the probe position
variable within the lists, the complexity of the task left no choice about
these possible confounding effects.

Material

A basic pool of 8l items was obtained from stimulus materi=>! used
by Paivio and Czapo (1969). The items consisted of pictorial represent-
atlions of familiar objec+§ in the form of simple line drawings. Consistency
of labeiling data had been obtained on these drawings (Paivio & Czapo, 1969)
to ensure unambiguity of the stimuii. In Their verbal form the items
consisted of concrete words with high frequency and meaningfulness ratings.
For the verbal condition each word was printed on a 47 x 6" card in I-in.
block letters. For the picture conditlon each item appeared as a simple
line drawing. Special care had been taken *o‘keep size and complexity of
the drawings equal for ali objects.

Two sets of items were constructed for each trial. Six items per



trial appeared in the learning phase as a 3 x 2 matrix, three items high
and two across. Three items from the learning stage (OLD items) and three
NEW items were then randomly arranged for the recognition sequence. The
matrices as well as the single recognition items were then photographed

in their verbal and pictorial form. The negatives were mounted as slides
In which the items appeared as white outiines on a dark background.

There were fwo problems which had to be considered in constructing
the lists: (a) The‘posifions of the probe items in the matrix as well
as In the recognition sequence; (b) high associations of items, semantic
and acoustic similarities of words as well as similarities of their
pictorial representations had to be avoided within each list,

Since 11 seemed unfeasable to latinize compietely probe positions
and list content, four sets of nine lists each were constructed. The
number of lists used was fargely timited by the number of available items
which could meet the criteria of stimulus selection. Two sets of {ist
content and two sets of probe positions were factorially combined to
generate four different sets of learning lists. Set la differed from set
Ib only with respect to the positions of the probes. Set Ila and lib
contalined a new arrangement of list content, but had The same’probe
positions as fa and Ib respectively. The recogﬁi+ion sequences | and 11,
fol lowing learning lists ta, Ib and 1la, ilb respectively, differed in
list content, but not in probe positions. In effect then, each probe
ftem in the learning stage was presented at two different positions in
the matrix, and each probe position in the learning stage was tested with

two different probe i tems.



The probe positions in the matrices and the recognition sequence
were, of course, randomly determined, and every position was equally often
probed. However, since there are six possible positions and nine trials;
with three probes In each trial, half of the positions were assigned four,
the other half five probes over all nine trials.

The selection of list content for the two sets, in contrast, was
only partly determined by random selection, since éfher factors seemed of
greater importance. For instance, acoustically similar items had to be
separated, e.q. tower-flower, associations like flower-boy had to be
avoided, and categories, e.q. fruits, animais etc. had to be evenly divided
over the nine trials. At the same time it was critical not to include
items with pictorial similarity in the same list, e.q. pencil-arrow-
cigar. In addition, fwo practice |ists were constructed to familiarize
S with the procedure. Since words and plctures were used In the test
phase, letters of the alphabet were chosen as fairly neutral items for
the practice session.

Apparatus

A Carousel 850 projector was connected to an-automatic timer for
the presentation of the matrix. Recognition slides were presented man-
ually by pressing a button on E's panel. This button also activated a
stop timer. The S's panel had two buttons, labeled OLD, NEW. When one
of these was activated, it stopped the timer and |it up one of two lights
on E's panel, indicating the response choice. E was then able to recycle
both panels for the next operation. In addifion, E had a separate timer

to indicate delay periods as well as presentation rate of the recognition
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sequence.
Procedure

Ss were Individually tested and randomly assigned to the four
groups. The male-female ratio was constant across groups. Upon entering
the lab, S was seated in front of the response panel eight feet from a
3 x 2 foot screen. E read out a standard set of instructions (Appendix),
differing for the four groups only with respect to the particular word-
picture presentation involved. $ was told he would be presented with a
matrix of six items for one second, followed by a sequence of six recog-
nition slides. Some of the recognition slides were from the previous
matrix, and some were new items. As a recognition siide appeared on the
screen, he was to press, as fast as possible, one of the response buttons,
i.e. OLD, for items from the previous matrix, NEW, for items he had not
seen before. Since the matrix was presented for a relatively brief ex-
posure, it was twice emphasized that S would have fo scan over the six
items as fast as possible in order to maximize his recognition score. In
addition, if a three-digit number appeared on the screen after the matrix
display, S was instructed to count backwards by threes from that number,
till the first recognition siide was presented. S did not know how many
delay trials or when delay trials occurred, nor was S aware of the OLD-NEW
item ratio In the recognition sequence. Instructions were followed by
two practice trials, one with delay the other with immediate recognition,
to familiarize S with the general procedure..

The following temporal sequence was maintained throughout the ex-

- periment. Each test trial started with a |.2 second presentation of the
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matrix, followed within one second by either the first recognition slide
or a number, in case of delay trials. The presentation rate during the
recognition seqﬁence was 7.5 seconds per slide, which included one second
for the slide change, for a total of 45 seconds per recognition sequence.
Since the occasional S did not respond every time within the 6.5 second
presentation of the recognition iftem, and no provisions had been rade to
continue the recognition seduence unless S had responded, E was not able
to adhere strictly fo the 7.5 second presenTaTioﬁ rate in all cases. Yet
the time for the whole rec&gniTion sequence, i.e. maximum 45 seconds, was
consistent across all Ss. There was a 20 second interval between the end
of the recognition sequence, i.e. 45 seconds after the presentation of the
first recognition stide, and the onset of the next trial. During the
recognition sequence k£ scored the respohse choice as well as latency for
each OLD and NEW item.
RESULTS & DISCUSSION

Latency and choice responses were collapsed over the four sets of
material. Reaction time measures were almost constant across all four
groups and delay conditions (Table 4), which is quite contrary to expected
results. Whlle These.resulfs could initially be interpreted in terms of
undifferentiated coding mechanisms across stimulus material and inter-
ference conditions, an inspection of the choice data invalidates this
claim. In Ilghf of other research investigating reaction time In an STM
task, (Posner et al., 1969; Tversky, [969) it becomes apparent that the
underlying causes for the undifferentiated latency scores can be attributed

to the particular experimental task at hand. For instance, Posner et al.
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and Tversky used repeated daily sessions and highly overlearned test and
recognition material in order to obTaih latency differences, in contrast
to new material, and one session of nine recognition trials in this ex~
periment. Furthermore, since S in this experiment was given 6.5 seconds
to respbnd it seems questionable whether S's emphasis was on fast res-
ponding or correct responding. Since the choice data presented consistent
recognition differences across conditions and latency scores were fairly
constant, they were excluded from further analyses in lighf of the above .
mentioned limitations of the experimental situation.

The choice data were analysed with respect to three response
measures: (1) correct probe responses; (2) d' scores for all three recog-
nitlon sequences in each delay condition; (3) percent correct responding
to probe items with respect to their position in the recognition sequence.
The d' scores include a correction for guessing. It is, for insfancé,
possible for S to respond CLD to every recognition item, thereby obtaining
an errorless score on the probe analysis which does not reflect his frue
recognition level. The d' score was developed to correct the data for
guessing errors of this type (Kintsch, 1970) by transforming the number
of OLD responses to OLD items and number of OLD responses fo NEW items
to standard scores on the normal! curve. This does not mean, however, that
the probe analysis should be completely ignored, since discrepancies
between the two measures will point out experimental conditions which are
susceptible fo guessing.

Initially, the total correct and incorrect responses for OLD and

NEW items were computed for each S. The mean correct responses for OLD
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and incorrect responses for NEW items can be seen in Tables | and 3.
False alarm scores were subsequently analysed only in conjunction with d'
scores. A 2 x 2 x 3 analysis of variance was performed on data from the
correct probe responses. The factors are: study-presentation (word vs.
plcture); test-presentation (word vs. picture), and three delay conditions
as a repeated measure (Appendix, Table ). Presentation effects are small
and not significant in the study or recognition phase. There is no main
effect for delay. However, the study-presentation x delay interaction is
significant (F=11.99; df=2, 152; p<0Il). An analysis of simple effects
(Appendix, Table 2) points out that study-presentation effects appear only
at zero delay (F=26.26; df=2, 152; p<0l). A Newman-Keuls test (Appendix,
Table 3) further clarified the nature of this interaction. Affer 15
seconds of delay, presentation differences disappear due to a significant
decrease for verbal and significant Increase for picture study groups. In
effect, there are only random differences between the four groups at 15~
and 30-sec. delay conditions.

A2 x 2 x 3 analysis of varlance for d' scores (Appendix, Table
4) presents some changes in the response pattern (Fig. | & 2). There is
a significant study x test presentation interaction (F=10.89; df=1,76;
p<.0l). Recognition scores in both mixed-presentation and PP groups are
significantly lower than for the WW group, as indicated by an analysis
of simple effects (Appendix, Table 5). The previous study-presentation
x delay interaction is, however, also replicated with d' scores (F=8.42;
df=2, 152; p<.0l). A Newman-Keuls test (Appendix, Table 7) reveals only

minor disérepancies between fhe fwo analyses at 30 seconds delay. Yet



TABLE 1

Mean Number of Correct Probe Responses with Verbal
Interference (Exneriment I)

Delay in Seconds

0 15 30

W 7.75 6.70 7.60

WP 7.50 6.95 6.95

PW 6.60 6.95 7.20

PP 5.90 7.40 7.45
TABLE 2

Mean d' Scores for Experiment |

Delay in Seconds

0 15 30
Ww 3.97 3.57 3.17
WP 3.17 2.37 2.30
PW 2.42 2,79 2,95
PP 2.64 3.59 2.95
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TABLE 3

Mean False Alarm Rate for Experiment |

Delay in Seconds

0 15 30
Wi . N .9
WP i 1.2 2.00
PW 1.2 .9 1.3
PP .6 6 [
TABLE 4

Mezn Latency Scores for Experiment |

Note: Reaction Time measures include a constant of one
second for slide change.

Delay in Seconds

0 15 30
Wit 2.35 2.66 2.49
WP 2 2.66 2.82
Py 2.51 66 48
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both analyses agree that study-presentation effects appear only in the
zero delay condition, followed by a significant convergence of study-
presentation effects over delay.

Since discrepancies between the two response measures can be
attributed to the correction factor for guessing in the d' scores, a com-
parison of the response pattern (Fig. | & 2), F ratios (Appendix, Tables
I & 4), and false alarm rates, should point out differential guessing rates
for some of the experimental conditlions. High agreement between the re-
sponse measures should indicate experimental conditions in which Ss felt
fairly confident about what they have learned, whereas discrepancies will
designate conditions in which Ss did not feel as confident about differ-
entiating between probe and distractor items in the recognition sequence.
An inspection of Fig. | and 2 suggest that |ifttle guessing occurred for WwW
and PP groups, especially at zero delay. The different response patterns
for the mixed presentation groups, especially after longer delays, in
contrast, suagest two independent factors which seem to encourage quessing
i.e. mixed-presentation and delay. This is further substantiated by the
different significant F ratios of both analyses. Even though latency
scores did not support the claim for increasing refrieval problems in PW
and WP, discrepancies between probe responses and d' scores suggest that
the higher guessing rate in these groupscould be due to Increasing errors
if words have to be recognized as pictures and vice versa. On the other hand,
it seems not too surprising to find longer interference associated with
increased quessing. An additional factor contributing to increased

guessing during delay conditions can be attributed fto the experimental
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design. That is, delay was used as a within-S variable. Therefore, a
particular response set to find an equal number of old responses in each
recognition sequence might have developed In Ss, leading to higher guessing
rates in these conditions,

Overall word-picture presentation effects are at this stage still
fairly ambiguous. The study-presentation effects of the first analysis
will have fo be attributed to guessing errors inherent in the raw data,
in light of the different significant main effects found in both analyses.,
Even the study x test-presentation intferaction of the d' scores has to be
qualified by a strong study-presentation x delay interaction. Since zero
delay responses are the most accurate indicators of STS, the consistent
work-picture difference, at least for the learning stage, presents
fairly strong support for the predominantly verbal-acoustic coding mech-
anism of STS. Even this finding has to be qualified by subsequent clari-
fication of possible differential learning rates for pictures and words.

Delay éffecfs in contrast are more consistent, yet, even more
puzzling for the picture study groups. As ﬁredicfed, verbal interference
damages the recognition tevel of verbal material. While interference
effects could be expected to be lower for the visual store, an increase
in recognition level certainly seems contradictory fo previous results and
would not be expected on the basis of any current theoretical framework.
I+ Is important to note though that interference effects for mixed-
presentation groups are always consistent with their respective same
modality group, which provides some evidence against cross-modality en-

coding in the learning phase.
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In order to investigate further the nature of the differential
interference effects for words and pictures, responses in the recognition
sequence will be analyzed in more detail. The recognition task itself
lasted 45 seconds, thereby constituting an additional delay component for
five out of six recognition items in each sequence; That Is, the temporal
arrangement of the recognition task could be a factor determining the
unexpected interference effects.

| Probe responses were, therefore, converted into percentages of
correct responding per position in the sequence. While the data are
analyzed in conjunction with the results from EXP. 1| (Fig. 3) and are
discussed in more detail at that stage, It suffices fo mention here that
apart from random fluctuations within conditions, only one consistent
pattern emerged. Probe responses for the first position at zero delay
are almost erroriess, l.e. 85% and 90% for PP and WW respectively, and
are followed by a significant drop to a constant recognition level for the
remaining positions. Surprisingly though, the word-picture difference
still remains even for the small difference in the first position when
analyzed in conjunction with all positions of the sequence. In any case,
the critical finding here is the significant drop from the first position
to the rest of the sequence. Probe position percentages were also computed
for WP and PW groups (Table 7) but were excluded from further analysis
since mixed presentation groups were eliminated from further investigation.

In spite of several limitations of the percentage data, i.e.
percentages are based on only one or two data points per probe position

“and are not corrected for guessing, a new Interpretation of the experi-
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mental task, at least for the zero delay conditions, becomes plausible

at this stage. The previous word-picture differences at zero delay,

col lapsed over all recognition positions, clearly support the verbal super-
fority in STM experiments. The small modality difference, i.e. 85% and
90%, and temporal consideration of the first position response are more
in line with previous research Investigating verbal-visual differences
using very short temporal parameters. |In a partial recail experiment of
a 4 x 4 matrix of letters, substitution errors, for instance, were found
to be predominantly visual (Rudov, 1966). With a similar approach Turvey
(f967) fourd also no acoustic confusion effects. |n addition, Posner

et al. (1969) presented convincing evidence for equal visual or name
matching under given conditions. Unrelated as these experiments might
seem, they do show that similar as well as different coding abilities of
visual and verbal material can be obtained depending on given temporal
parameters. Neisser (1967) concludes from his research that words or
drawings do not differ as long as the "iconic store" has not been encoded
verbally.

Furthermore, research in tachistoscopic recognition leaves little
doubt that visual impressions are briefly avallable for further processing
even after the termination of the visual stimulus. The duration of this
sensory display depends largely on the duration and intensity of the
visual display as well as the type of post exposure fieid (Sperlfng, 1960,
1963). While some theorists are not as outspoken about the effects of
the sensory memory in a wide range of experimental situations due to the

lack of sufficient empirical vallidation (Atkinson & Shiffrin, 1968),
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Nelsser (1967, p. 20) claims that under ideal conditions '"the Icon remains
legible as long as five seconds.” Whether the experimental task at hand
qualifies as an "ideal condition" is, of course, questionable. Certainly,
the stimulus is presented relatively fong, the white outlines on a dark
background seem of adequate intensity, and most of all, there is no masking
effect before the first recognition slide. But, on the other hand, eye
movements and physical scanning of the display definitely complicate the
analogy. More important, however, is the significant drop In recognition
level following the first reccgnition slide. Though masking effects have
only been investigated with tachistoscopic stimulus presentations, the
experimental task and the results strongly resemble a masking effect of
the sensory store during the first recognition slide. 1In effect, it is
conceivable that data in the zero delay condition are based on responses
from two distinct memories. The first position response 1s mediated by
the sensory store, subsequent responses are based on STS.

Since 1+ is critical to the interpretation of zero delay con-
ditions to establish whether the recognition sequence is in fact mediated
by different memory systems it becomes necessary to investigate further
this proposition. There are two separate experimental manipulations
available to determine sensory memory involvement in this particular
task: an immediate free recall task and a recognition sequence with an
auditory presentation of the first probe. |t can be expected that both
approaches in conjunction will provide an adequate assessment of the

underlying question.
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EXPERIMENT 1}

Introduction

The following experiment was included to determine to what extent
an Immediate free recall task can be used to investigate sensory memory
effects in this experimental situation. Assuming that the stimulus pre-
sentation in this experiment falls within Nelsser's (1967, p. 20) defin-
ition of an "ideal visual display,” after all, duration and intensity are
sufficient and there is no masking effect, It can be expected that sensory
traces will be available to § for a short period of time after termination
of the matrix display. Since six items can easily be called out within
several seconds, it can be expected that recail scores for word and
picture presentation are equally high, assuming, of course, as in EXP, |
similar scannfng rates in both modalities. The assessment of the expected
results is, however, further complicated by the necessary verbal coding
of plctures for this response task.

METHOD.

Subjects and Design

Twenty~eight Ss from the same subject pool! as in EXP. | volunteered
for EXP. Il. Fourteen Ss were randomiy assigned to either word or picture
group. The male-female ratio was kept constant across all groups. The
four sets of learning material were consecutively alternated in blocks of
four within each modality.

Material
All four sets of learning matrices from EXP. | were used in this

experiment in thelr verbal and plictorial forms.
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Apparatus

A Carousel 850 projector was activated by an automatic timer for
a 1.2 second display of each matrix.
Procedure

Ss were individually tested and randomly assigned fo either word
or plcture study condition., The general procedure and instructions were
simitar to EXP. |, except modified for an immediate free recall task.
That Is, learning matrices were presented for |.2 seconds, followed by
S's oral recall. To keep the temporal considerations fairly constant
with respect to EXP. |, a 60 second intertrial interval was employed in
this task. Aural responses were checked off on a scoring sheet, and a
liberal scoring method for the picture condition was used, since objects
iike ship, doli, oven could equally be labelled boat, girl, stove res-
pectively.

RESULTS & DISCUSSION

Recal!l scores were collapsed over the four sets of learning lists
for word and picture groups. The mean recall scores were 36.67 and 36.57
for pictures and words respectively (Table 9). The lack of word-picture
differences of the recall data as well as Efs observation that most items
were recalled within several seconds after the termination of the stimulus
display, fall in line with predictions made from considerations of sensory
memory effects. However, the different task demands in the two experi-
ments cannot be ignored as potential confounding variables. Picture re-
call requires verbal codiﬁg, whereas picture recognition does not neces-

sarily demand a similar process. Yet, if labelling pictures and verbal-
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lzing words leads to equal recall, differential learning rates in the
recognition task should be minimal, assuming similar learniﬁg strategles
for both response tasks. However, this latter assumption seems also
questionable. |t Is, for instance, necessary to scan over the whole
stimulus display to maximize recognition scores, whereas debriefing
sessions in the recall experiment suggested that it is more advantageous
for S to concentrate on a few items and subsequentiy be able to recall
these, than to lock at all six items and forget half of them. However,
a clarification of this point has to wait for additional evidence.

Still, the complementary evidence from the recall data and the
response pattern of the percentage data for zero delay conditions, do
support the ldea that word-bicTure differences of the zero delay sequence
can be Interpreted with reference to sensory memory effects. Hence, the
first position response seems mediated by SM processes, while subsequent
positions reflect recognition scores from STS. This STS recognition level
is, however, not a true estimate of short-term storage since it is modi~
fied by the visual masking effect in SM.

With this new interpretation of the zero delay sequence In mind,
even the increase of recognition scores for picture groups over delay
also appears in a new light. |f the low recognition level at zero delay
can be, at least partly, attributed to the masking effect of the initial
sensory trace, the difference between zero and |5 seconds delay for picture
groups subsequently does not necessarily reflect an Increase per se, but
merely points to a relative difference due fo differential Inferférehce

effects under the two conditions. That is, the visual masking effect for
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picture storage at zero delay is more detrimental to recognition than 15
seconds of counting backwards. There is, of course, no masking effect for
the 15 second delay condition, since the SM trace only lasts for a brief
duration and transfer from SM to verbal STS is complete by then. While
the WW group also suffers from visual masking, it is unclear to what ex-
tent the zero delay recognition level is due to a superior learning rate
or a smaller masking effect. In any case, it seems safe to state that
verbal recognition suffers more from counting backwards for |5 seconds
than from the masking effect at zero defay.

A summary of findings at this point still presents an ambiguous
plcture. There are no modality differences at zero delay for a recall
task. Yet in a recognition task performance on words Is superior fo that
on pictures. At the same time, this difference cannot be attributed to
differential short-term storage because of the masking effect and possible
differences in learning rates. Without a valid reference point at zero
delay for STS, interference effects can also not be accurately evaluated.
Before continuing to investigate SM implications with an audiTéry first
probe presentation, the next step, therefore, will be to replace the
interference task with a rehearsal interval, in order to assess inter-

ference effects with respect to rehearsal conditions.
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EXPERIMENT 111

introduction

Experimental evidence has quite consistentiy shown the facillta-
tive effects of rehearsal in STM experiments utilizing verbal material
(Hellyer, 1962; Crawford et al., 1969). But rehearsal effects on the
visual STS have not been convincingly demonstrated. Posner (1967) found
no improvement of the visual iocation response after a 20 second rehearsal
period. Milner (1968), In contrast, obtained a lower recognition level
for nonsense flgures, light flashes, and clicks using both a rehearsal
period and an Interference task. Stimuli of this type can, of course, not
be readily verbalized and are, therefore, well suited for the investigation
of non-verbal rehearsal processes. Since cross-modality encoding has
been shown to play a negligible role in this experimental task, word and
picture groups can, therefore, be expected to reflect a differential re-
hearsal effect, as well as provide a valid reference point to assess the
interference data from EXP. | relative to rghearsal conditions. |In order
to reduce guessing errors in the data, mixed presentation groups and the
30 second delay condition were eliminated from further investigation.
Thus, rehearsal effects will be investigated in WW and PP groups at O,

7.5 and |5 seconds of delay.

The specific predictions under these experimental conditions
are the following. Zero delay responses from WW and PP groups in EXP. |
should be replicated. Rehearsal effects should lead to a higher recog-

nition level for WW, either with respect to the interference condition or

even with respect to the zero delay condition. Rehearsal effects for PP
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group cannot be predicted, but a comparison of the recognition level after
interference or rehearsal activity should lead to a tentative statement

about the fruitfulness of the concept of a visual short-term rehearsal

mechanism.
METHOD
Subj;c*s and Desiqn‘
Forty Ss from the same subject pool participated in EXP, 111, Ss

were tested in groups and randomly assigned to WW and PP groups. The
three recognition intervals, 0, 7.5, and 15 seconds, were randomly assigned
to the nine trials in blocks of threes, and were constant across groups.
Material

Only one set of the four learning lists in EXP. | was randomly
selected for the group presentation.
Apparatus

As in EXP. | a Carousel 850 projector was activated by an auto-
matic timer. Instead of the response button, Ss received a response
sheet to mark down their choices.
Procedure

Ss were tested in groups of ten. Two sessions each were required
to fill both groups. Procedures and instructions were identical to EXP.
| except for two changes: one, Ss were encouraged to rehearse the learning
material during delay; two, scoring sheets were provided and Ss were In-
structed to answer with "O" (for old) if the recognition item was from the
previous matrix, and "N" (for new) if the item had not been presented

before.
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RESULTS & DISCUSSION

Recognition scores were again tabufated as in EXP, I. Fig. 4 and
5 reveal highly congruent response patterns for correct probe responses
and d' scores, indicating that a reduction in guessing errors has been
achieved in this design. A comparison of response means (Tables 5 and 6)
with EXP, | shows that similar zero delay differences have been obtained
again and recognition scores tend to increase in both medalities.

A 2 x 3 analysis of variance for both response measures was per-
formed with factors: (a) presentation (word vs. picture); (b) three
delay condiflions as a repeated measure., The analysis of probe responses
(Appendix, Table 8) reveals a significant superiority of word over picture
recognition (F=18.61; df=1, 38; p<O0l), as well as a significant increase
over delay (F=8,40, df=2, 76; p<0l). The delay effect, however, has tfo
be further qualified by a presentation x delay infteraction (F=5.37; df=
2, 76; p<0l). AvNewman—Keuls test clarifies the nature of this inter-
action (Appendix, Table 10). That is, word recognition is consistently
superior to picture recognition. But there is no increese during re-
hearsal for WW, while the increase for PP occurs only between O and 7.5
seconds.

An analysis of d' scores (Appendix, Table I1) shows an equally
strong presentation effect (F=16.07, df=1, 38; p<0Il) and improved recog-
nition over rehearsal periods (F=5.03; df=2, 76; p<O0l). As opposed to
the previous analysis, the interaction is not significant. But, similar
to the probe responses, a Newman-Keuis test for the delay effect shows

an Increase due to rehearsa! only between 7.5 and 15 seconds (Appendix,
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TABLE 5

Mean Number of d'Scores for WW and PP Groups Under
Interference (Experiment 1), Rehearsal (Experiment 111),
and Rehearsal plus Responding to an Initial fudifory
Probe (Experiment 1V)

Delay in Seconds

0 7.5 15 30
Experiment | 3,97 - 3.3 3.17
Wi Experiment |1i 3,73 3.51 4,33 -
Experiment |V 2.51 3.4€ 3,14 -
Experiment | 2.42 - 2.79 2,95
PP Experiment 1] 2.46 2.75 3.05 -
Experiment 1V 2.19 2.71 2.94 -
TABLE 6

Mean Number of Correct Probe Responses for WW and PP
Groups under Interference (Experiment |), Rehearsal
(Experiment |I11), and Rehearsal plus Responding fo an
Initial Auditory Probe (Experiment V)

Delay in Seconds

0 7.5 15 30
Experiment | 7.75 - 6.70 7.60
Wi Expariment |11 7.55 7.25 7.05 -
Experiment 1V 6.25 6.95 6.75 -
Experiment | 5.90 - 7.40 7.45
PP Experiment 11| 5.30 6.35 6.90 -
Experiment 1V 5.60 6.80 7.05 -
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Table 12).

An analysis of probe positions again revealed a similar pattern
as In EXP. | (Table 7). Since there were only minor differences between
zero delay conditions of EXP. | and 1!, I.e. group testing, and only one
set of material was used, a 2 x 2 x 6 analysis of variance (Appendix,
Table 13) was performed for zero delay responses. The factors are: (a)
Experiment (EXP. | vs, EXP. 111); (b) presentation (WW vs. PP); (c) six
positions of the zero delay sequence as a repeated measure. Results
clearly show there is no difference between the twc experiments (F=.17;
df=1, 76; p>.05)., Word-picture effects are highly significant (F=24.95;
df=1, 76; p<.0l) with WW recognition superior to PP. Most important,
however, is the position effect (F=4,88; df=5, 380; p<.01). A Newman-
Keu[s test (Appendix, Table {4) further clarifies this position effect.
Recognition for the first position is significantly higher than the re-
maining five positions, with no significant differences among them (Figq.
3).

The overal!l results of the experiment eeflect, in effect, high
agreement with the predictions. Zero delay responses have been replicated.
Rehearsal leads to a significant increase in recognition, and, because of
the rehearsal effect, a significant main effect for word-picture present-
ation emerges. But, a closer inspection of the results still leaves an
ambiquous picture.

The probe position analysis, for instance, favours a SM inter-
prefafion for the zero delay recognition sequence. The significant drop

after the first recognition response in word and picture groups appears
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to be a typlical masking effect causing the consistently lower recognition
level for the remaining positions. Yet, if SM involvement is postulated
for the zero delay condition, the increase during rehearsal should occur
already between O and 7.5 seconds and not between 7.5 and 15 seconds,
since SM traces can be expected to have dissipated by then. Indeed, the
percentage data for probé positions for the 7.5 second condition only re~
veal random fluctuations, with only 65% correct for the first probe
position (Tabte 8). In contrast, the presentation x delay interaction
of the probe analysis places the increase between 0 and 7.5 seconds for
PP group. But because the analysis is based on uncorrected raw data no
valid inferences can be drawn from it.

Word-picture differences are equally ambiguous. While there is
a consistent superiority of word over picture condition which can be
atfributed to differential rehearsal capacities in the two modalities for
the 7.5 and 15 second condition, there is no valid reference point for
short-term storage, since the data at zero delay are confounded by the
Iinitial masking effect. Although presentation differences are consistent
across all positions at zero delay, It must be remembered that word-
picture superiority is only 5% for the first position versus 22% for the
remaining five positions. An interpretation of presentation effects in
terms of learning rate differences appears, therefore, on weak grounds.
At the same time, however, the statistical analysis did not reflect a
differential masking effect for words and pictures. To complicate the
results, a separate analysis using only the first two positions at zero

delay was also performed. This analysis revealed no modality difference,
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only a significant position effect (Appendix, Table I5). In effect then,
whlte modality effects are highly significant, the underlying processes
are by no means clear.

Rehearsal effects, in contrast, render a2 more satisfactory inter-
pretation. Though there is still no assessment of absolute increases
due to rehearsal, because there is no reference point for STS, a compar-
ison with EXP, | confirms the effectiveness of verbal rehearsal in STM
experiments. The parallel increase for PP group, however, differs only
slightly from EXP. |, That is, between zero and 15 seconds, picture recog-
nition increases 1.45 and 1.60 mean items during interference and rehearsal
respectively., The results perhaps suggest that whatever has been oper-
ationally defined as interference or rehearsal seems quite irrelevant to
the underlyling processes. Atkinson & Shiffrin's (1968) tentative hypo-
thesis about the lack of a visual rehearsal mechanism, therefore, seems
fo be confirmed again, In spite of two unanswered problems, i.e. differ-
entlal learning rates and the specific temporal locus of the increase
during rehearsal.

With all the limitations of the results in mind, there are still
two important findings to report. A comparison of the 15 second delay
conditions for WW and PP in EXP. | and 11l clearly suggest the effective~-
ness of the verbal rehearsal mechanism and the lack of a similar facilit-
ative process in the visual STS in this particular experimental task. To
what extent rehearsal and interference activities modify the initial STS
of both modalities cannot be adequately assessed in the present experi-

mental situation. Since the initial STS suffers from the presentation of
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the first visual probe, it can be expected that by removing the maskling
stimulus a more accurate recognition level of the STS can be obtalned.

The next experiment is designed to investigate this proposition.
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EXPERIMENT 1V

Introduction

¥ the first recognition response is indeed mediated by SM effects
as suggested by the position data and results from free recall, replacing
the visual with an auditory presentation of the first probe in an identical
design to EXP. ill should further clarify this proposition. While it is
not clear what additional complications an auditory presentation might
introduce, there iIs no doubt that at least the visual masking effect will
be eliminated. By introducing this change into the basic design of EXP.
111 two separate predictions can be made. Since there is no masking
stimulus after the matrix display, the probe position analysis at zero
delay should not show a significant break in response level between posi-
tion one and the remaining five positions. At the same time, since res-
ponses do not suffer from masking during SM, an overall higher recognition
fevel for zero delay can be expected. |7 follows from this prediction
that rehearsal effects should be smalier than in EXP., 1il.

METHOD

Subjects and Design

Forty Ss from the same subject pool participated in this experi-
ment. There were again two groups, i.e. WW and PP, with delay con-
ditions as in EXP. til.

Material and Apparatus

The same set of study and test material was used as in EXP. LII,

and presented with the same apparatus.
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Procedure

Four groups of five Ss each were randomly assigned to PP and WwW
conditions. Procedure and instructions were identical to EXP. |'ll except
for one modification: Ss were told that the first recognition item in
each sequence would be presented auditorily.

RESULTS & DISCUSSION

Recognition responses were again analyzed wifh respect to: (1)
correct probe responses; (2) d' scores; (3) probe position percentages.
As can be seen in Tables 5 and 6 response patterns differ from EXP. 11,
yet, not In the predicted direction. The analyses of variance for both
response measures (Appendix, Tables 16 and 18) show that word-picture
differences have disappeared (F=.32; df=I1, 38; p>.05 for probe responses;
F=2.29; df=!, 38; p>.05 for d' scores). But there is still a significant
delay effect (F=9.54; df=2,76; p<.0l for probe responses; F=5.20; df=2, 76;
p<0l for d' scores). A Newman-Keuis test in both cases places the in-
crease between 0 and 7.5 seconds in contrast to EXP. |il (Appendix, Tables
[7 and 19).

The analyses of probe positions (Appendix, Table 20) further sub-
stantiates the lack of word~picture differences at zero delay (F=l.54;
df=1, 38; p>.05). A significant position effect appears again (F=3.53;
df=5, 190; p<.0l), but contrary to EXP. | and |1}, a Newman-Keuls test
(Appendix, Table 21) shows that there is no loss of recognition after the
first probe response. Instead there seems to be a fairly linear decline
throughout the sequence with the only significant difference being be-

tween position one and six.
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TABLE 7

Per Cent Correct Probe Responses for WW and PP Groups
in the Zero Delay Recognition Sequence for Experiments 1,
i, 1V, and Mixed Presentation Groups in Experiment |

Expceriment
Experiment
Experiment

Experiment
Experiment
Experiment

WP
Pl

Experiment
Experiment

Experiment

P

Positicn
| 4
20.00 82,50 87.50 65.00
95.00 35,00 85.00 80.00
85.00 67.50 85.00 65.00
85,00 70.00 62.50 55,00
90.00 67.50 50,00 65,00
80.00 70,50 62,50 60.00
100.00 95.00 85,00 45,00
80.00 70.00 82,00 65,00
TABLE 8
Per Cent Correct Probe Resnonses at 7.3
for Experiments 11l and IV
Fosition
1 2 3 4
82.50 85.00 90.0C 50.00
82.50 77.50 95.0C 45.00
65.00 57.50 100.00 20,00
92.50 67.50 @0.CC 6C.00

Experiment

'

(51}

87.50
80.00
60,00

7.50
52.50
Z.50

82.50

$82.5

Seconds

[

75.00
80.00

90.00
82,50

6

75,00
30.00
5C.00

67.50
45,00
50.00

Ch

9C.00
75.00

55.00
45,00
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Though the results are hardly in agreement with predictions made
from a SM interpretation, several interesting implications emerge again.
As predicted, the drop in recognition level after the first probe at
zero delay did not occur. But, while this could be attributed to the
absence of a masking stimulus, the overall response level does not in-
crease because of the absence of the masking effect. Moreover, recog-
nition level for WW group has decreased to the extent of eliminating the
previously consistent word-picture effect. |In spite of the decrease of
WW recognition, first position responses are comparable to the previous
results, i.e. 85 and 80 percent for W¥ and PP versus 90 - 85 and 95 - 90
percent for EXP. | and |1l respectively. The importance of differential
learning rates contributing to modality differences seems, therefore,
even less acceptable at this stage.

It seems fairly clear then, that by removing the hypothesized
visual masking effect an even stronger damaging effect on STS has been
simul taneously introduced. Interestingly enough, the effect seems to be
modality specific. Returning to the previously mentioned memory model
of Atkinson and Shiffrin (1968) a plausible explanation for underlying
processes becomes available. As the matrix of'words, for insfance, is pre-
sented the S starts a continuous rehearsal cycle, while at the same time
walting, i.e., giving attention, for the auditory probe. As the auditory
probe enters the STS, items in the store can be knocked out of STS or
can be lost in the search process involved in retrieval. With increased
rehearsal more items can be expected to enter LTS. Subsequently, recog-

nition scores are lowest for the zero delay condition, since littie



reorganization and rehearsal has occurred when the auditory probe is added
to STS. At the same time transfer fto LTS is minimal at this sTage. As
rehearsal continues, recognition will improve because of increased frans-
fer to LTS and better reorganization of STS, but will always suffer from
the auditory presentation, thereby leading to lower performance with
respect to EXP. |ll, The picture conditions cannot be as easily ex-
plained, Malnly because of zero delay responses. |t seems unsatisfactory
to claim that by coincidence responding to a visual or auditory first
probe leads to the same recognition level, and only the nature of the de-
crease is different in both cases. |t seems also unsatisfactory to claim
that pictures have been encoded vefbally and, therefore, suffer to the
same extent as words, in light of the data arguing against cross modality
encoding. The most parsimonious, yet probably equally unsatisfactory,
explanation could be in considering the diversion of attention which is
demanded from S at the presentation of the first probe. That is, If
attention is diverted during the fransfer process from SM to STS, e.g.,
zero delay responses, leés information wii{ enfter STS. |f the attention
is diverfted after the transfer process more information can be expected
to be stored in STS. The rehearsal effect in EXP. Iil and IV for picture
groups are quite in line with this descriptive analysis. Since pictures
are stored visually, the auditory presentation of the first probe will
enter the auditory-verbal STS and, therefore, have no damaging effect on.
the visual store.

Far fetched as these interpretations might be, they do fit into

+he Atkinson and Shiffrin (1968) memory modei. For the word condition,
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further support can be found in Nelsser's (1967) "echoic memory" system
and Crowder's (1970) "precategorical acoustic storage.” While both
+heori§+s avoid the term auditory sensory memory, their investigations do
center around experimental conditions which can be described as such.
Crowder's particular experimental manipulations, for instance, include °
recall of strings of items presented either with a prefix or suffix.
Summarizing the results of this type of research he concludes that the
suffix is believed fo remove the advantage auditory presentation has
(i.e., precategorical acoustic storage traces) over visual presentation.
That is, an additional auditory input damages the acoustic storage
traces of the initially stored material. While the analogy to this parti-
cular task certainly has to be stretched, it fs encouraging to find
similar effecfs under a wide variety of experimental manipulations.

Still, the experiment failed in i1ts original purpose., There is
still no valid reference point for STS modality effects and, consideriﬁg
the experimental task at hand, attempting to isolate further this effect
seems rather futile at this stage. Interference and rehearsal effects
can, subsequently, only be assessed with respect to each other.

The remaining problem then centers around the free recall data
of EXP. Il. Since the original data were used as support for SM involve-
ment in the zero delay recognition sequence, and since SM effects for
this condition are still ambiquous, it becomes critical to investigate
further recall responses under interference and rehearsal condifions in
order to throw some light §n the nature of word-picture effects obtalined

in EXP. 1.
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EXPERIMENT V

{ntroduction

The present experiment is, therefore, designed to investigate pos-
sible differential encoding, storage, and retrieval processes with respect
to the two task variables. Differential coding and/or storage processes
for words and pictures have been established in the recognition task em~
ploying interference and rehearsal activities, With the use of the same
Interpodated activities, It can be expected that recall scores will reveal
a similar pattern. That is, there will be an increase and decrease due
to rehearsal and interference respectively for word-recall and no differ-
ence between interference and rehearsal for pictures, if pictures and words
are coded differently. Since the response task in the picture condition
demands verbal labelling, 1t could also be expected that modality specific
coding differences become negligible. In this case word-plcture recall
after rehearsal and interference would be undifferentiated. Retrieval
problems are, of course, generally increased in a recall task but cannot be
assessed untl| storage differences are known. The persistent question of
differential |earnihg rates for words and pictures will also be involved
again In this task but can only be considered in conjunction with the results.

METHOD

Subjects and Desian

Ten Ss from the same subject pool were assigned to each of the
four groups in a factorial design with two levels of presentation (word
vs, picture) and two levels of interpolated activity (Interference vs.

Rehearsal). Recall was always tested after a |5-sec. retention interval.
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Material! and Apparatus

The same study material and apparatus were used as In EXP. Il.
Procedure
" The general procedure was identical to EXP. |i. The same recall
instructions were given again, but modified to explain interference or
rehearsal conditions,
RESULTS & DISCUSSION

The mean recall scores for the four groups can be seen in con-
junction with the data from EXP. |l (Table 9). I+ should be mentioned
here that four randomly selected Ss were excluded from the data of EXP.
Il fo simplify the later analyses. Noteworthy at this point is the lack
of word-picture differences under any experimental condition (Fig. 8),
which Is quite opposite to results for the recognition task.

Three separate analyses of variance were performed with the six
independent groups. An analysis of presentation and interpolated activity
effects after 15 seconds of delay (Appendix, Table 22) leaves no doubt
about equal recall for pictures and words under both conditions (F=2,24;
df={, 36; p>.05). The decrease in performance due to interference in turn
is highly significant (F=63,99; df=1, 36; p<.0l). The analysis investi-
gating recall at zero and |5 seconds of rehearsal for both presentations
(Appendix, Table 23) again reveals no word-picture difference (F=1.73;
df=i{, 36; p>.05). There is a small main effect for rehearsal (F=5.53;
df=l, 36; p<.05), but contrary to recognition scores rehearsal leads to
a small decrease in pefformance. A similar analysis for interference

effects (Appendix, Table 24) was performed which again negates any word-
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TABLE 9
Mean Recall Scoras for Zerc Delay (Experiment 11) and 15 Seconds

of Rehearsal or Interference (Experiment V) out cf a Maximum of
54 | tems

Delay in Seconds

0 : 15
Interference Fehearsal
ord 37.60(36.67)% 23,20 36.00
Ficfure 37.60(36.57)% 23.00 32,10

¥Indicates mean raocall for all 14 Ss in Experiinent L1,
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picture differences in recall (F=.001; df=1{, 36; p>.05) while supporting
the previous damaging effects of interference (F=102.92; df=1, 36; p<.0l).

The consistent lack of a significant word-picture difference
leaves little doubt that recall of words and pictures does not dfffer
under any of the experimental manipulations., Possible reasons for this
will be discussed with reference to the interpolated activities effects.
The small increase after |5 seconds of rehearsal remains well within pre-
dictions, especially with respect to the large decrease due to verbal
intferference. With respect to rehearsal effects in the recognition task,
the difference can be explained in terms of greater retrieval problems
in the recali task. Furthermore, the recognition task never reflected a
valid reference point for zero delayﬁ thereby, leaving the relative
Increase due to rehearsal on questionable grounds. Interference effects,
in contrast, are highly significant and quite in agreement with expected
results.

If presentation effects are considered in light of rehearsal
and interference effects it becomes quite apparent that, contrary to the
recognition task, the learning material for words and pictures has been
verbal ly coded. This is especially evident in the undifferentiated re-
hearsal and interference effects in both modalities. As opposed to re-
cognition scores rehearsal and interference have the same effect on word
and picture storage. The different interpolated activity effects for
words and pfcfures during recognition have been interpreted in terms of
differential verbal and visual coding. Since in the recall task no

differential interpolated activity effects become apparent it will have
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to be assumed that words and pictures have been encoded verbally. |f
words and pictures are recalled equaily well, it could be assumed that
learning rates are also similar. Yet, if reading words and labelling
pictures proceed at an equal rate, differential learning rates for the
recognition task can be practically Ignored, if not assumed to favour
picture superiority. But learning rates also have to be considered with
respect to different study strategies in the ftwo response tasks, as dis-
cussed in EXP. 1!, which mékes inferences from learning rates in recall
to learning rates in recognition almost worthless. Furthermore, since
the different presentation effects in recall and recognition are shown
to be underlying differenf.shorf-ferm storage mechanisms, results in
EXP. 11 which were used in support of SM involvement because of word-
picture equality, have to be rejected as such.

In effect, the respcnse task becomes a critical variable in this
experimental condition. |t leads to differential learning strategies
to maximize performance in each task, which at the same time will influ-
ence learning rates in each presentation condition. Subcequently, be-
cause of the different fask_requiremenfs, i.e. pictures have to be
labelied in recall, differential storage system for words and pictures

are only obtained in recognition, but not in a recall task.
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GENERAL DISCUSSION

Before the data can be properly evaluated and their implications
considered in a theoretical framework it becomes necessary to clarify
several questions in order to establish the meaningfulness of the results.
That is, to what extent do the operationally defined conditions reflect
their postulated underlying processes. First of all, In showing differ-
ential coding mechanisms for words and pictures, does the experimental
task in fact qualify as an adequate research too! to investigate verbal
and visual coding differences of the STS? The argument supporting this
claim is the following. 1If the given experimental task is used to repli-
cate results of well established variables, e.q. interference and re-
hearsal effects on verbal recognition, the experimental task can be con-
sidered as a valid research approach for STM experiments. Whether It
can be generalized that the research tocol for words, is equally suitable
for pictures, is of course, an open question, yet, in the light of the
results seems perhaps to be answered positively,

Assuming this positive answer can be accepted, it must be estab-
lished how confidently cross modality encoding can be rejected as a con-
founding>variable in word-picture differences. EXP. | has convincingly
demonstrated that differential interference effects for mixed presentation
groups were always in line of same presentation groups (Tables | and 2).
These results imply strongly that the stimulus material in all groups had
been coded in the form of the study material. Similariy, if pictures were

encoded verbally, The results of the picture group in EXP, |{! should have
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shown some increase due to verbal rehearsal (Tables 5 and 6). In addition,
the interpretation of results in EXP. |V shows the auditory probe to be

an effective interference condition for verbal storage. If pictures were
coded verbally in this experiment, a lower recognition level would have

to be expected with respect to EXP. |l}{. More evidence against cross
modality encoding can be found in a comparison of recognition and recatl
differences. Interpolated activity effects remained constant for word and
picture recall (Tahle 8). The reason for this lies in the necessary verbal
fabelling of picture stimuli in a recall task. [In contrast, interpolated
activities exerted a differential effect on word and plcture conditions

in the recognition task (Tables 5 and 6)., Therefore, the learning material
in the different presentation groups must have been stored in separate,
verbal-visual storage mechanisms, otherwise, interpolated activity effects
shouid have been similar for word and picture recall. {in effect, the data
strongly suggest that the operationally defined condition which was de-
signed to investigate visual short-term mechanisms has achieved this aim,
but only in the recognition experiment.

Another confounding factor underlving presentation differences is
possible differential learning rates for word and picture matrices. While
this problem has been mentioned throughout the discussion of the experi-
ments, a summary of the arguments presents the following picture. Learning
rate differences had been shown to be negligible in pilot work using
pictures and words as a within-S variabie. Subjective réporfs from Ss in
turn indicated personal preferences, but no consisfén+ trend in either

direction. Considering the first recogniftion response at zero delay as
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the most accurate estimate of learning rate, all three recognition experi-
ments show consistent word over picture superiority. But, the difference
Is consistently only five percent, which in conjunction with the other

five probes results in a significant word-picture difference in EXP. |

and |11, yet not in EXP. V. Furthermore, a separate analysis of the
first two probe positions in EXP, | and 1l reveals no word-picture dif-
ferences. In addition, learning rates for words and pictures seem to

be equal in a recall task, in spite of the necessary labelling of pictures.
But, because of differential learning strategies to maximize performance

in the two response tasks, any inferences from recall experiments seem
inappropriate. In effect, the information about differential learning
rates is ambiguous. In light of the small, if not inconsistent, differ-
ences, however, it seems safe to assume that it is not the critical vari-
able underlying word-picture differences.

With these arguments in mind, the interpretation of verbal and
visual coding differences becomes more acceptable. Differential short-
term coding for words and pictures can be postulated in Iight of their
relative difference in recognition scores after |5 seconds of interfer-
ence or rehearsal (Tables 5 and 6). That is, the presentation of words
leads to verbal encoding and subsequent storage in the verbal STS. The
amount of stored information after a 15 second retention interval can be
effectively manipulated by counting backwards or rehearsing. To what
extent the intervening activities change the initial verbal STS can, how-
ever, not be assessed because the experiment failed tfo obtain a pure STS

recognition level at zero delay. In any case, the significant difference
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between word recognition after the two interpolated activities underlines
the importance of the verbal rehearsal mechanism in STS, as well as pro-
vides evidence for the damaging effects of verbal interference on verbal
STS.

In contrast, the lack of interpolated activity effects for the
picture condition suggests, first of all, that pictures have not been
coded verbally, otherwise one could expect similar interpolated activity
effects; secondly, whatever has been operationally defined as an inter-
ference or rehearsal condition does not affect the storage of picture
stimuti differentialiy. Therefore, verbal storage can hardly be involved
under these conditions and results will have to be interpreted as re-
flecting a separate, non-verbal STS. The lack of an adequate reference
point for picture recognition at zero defay, in conjunction with the ab-
sence of a differential interpolated activity effect, introduces even
further complications in assessing the relative effectiveness of the
visual STS over retention intervals.

Since there is no valid reference point for verbal and visual STS
at the zero delay condition, no statement can be made about the superior-
ity of words or pictures in an immediate recognition sequence. Word recog-
nition is significantly superior to picture recognition after |5 seconds
of rehearsal (EXP. 111), but, recognition scores for the two modal ities
are undifferentiated after verbal interference (EXP. 1). Whether this
undifferentiated response level after a |5 second retention interval for
words and pictures in EXP. | and pictures in EXP. |1l is the result of

similar STS processes or different STS processes converging to a similar
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recognition level is, of course, a justified question, which, at the same
~time, seems unanswerable at this point.

Further support for separate verbal and visual storage systems can
be obtained from the complimentary evidence of the recall data. Since
verbal labelling is demanded for words and pictures in free recall, no
differences emerge due to interpolated activities because words and
pictures are stored in the same STS. If the same interpolated activities
in a recognition task produce word-picture differences, it is safe to
assume that words and picfufes, under these conditions, were stored In
different short-term systems.

in effect, the presentation of verbal material in a recall or
recognition task always leads to verbal coding. Subsequently verbal inter-
ference and rehearsal will influence the response level of the verbal
store after 15 seconds as predicted. When pictures are required to be
coded verbally, as in a free récall task, the verbal storage of the
picture stimuli will be affected during the interpolated aé+ivi+les in
the same way. Picture storage in a recognition task, in contrast, is not
affected differentially by the interpolated activities, and, therefore, is
postulated to be stored in a separate, visual STS.

Rehearsal effects are guite consistent throughout the experiments,
The increase of word recognition due fto rehearsal was significant in EXP.
{11 as well - as in EXP. IV, though the overall response level was lower
due to the auditory first probe in the latter experiment. However, since
rehearsal effect can only be accurately assessed with respect to Inter-

ference effects, the data from EXP. |V cannot be considered because there
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Is no .comparable reference point. Additional support for the rehearsal
effect can be found in EXP, V where recall scores show a highly significant
increase over delay periods. Since recall scores do have a valid refer-
ence point at zero delay, the small decrease between zero and |5 seconds
retention, though in contrast to recognition scores, still supports the
facilitative effects of the verbal rehearsal mechanism with reference to
the interference effect.

The relative increase in picture recall after rehearsal has already
been attributed to verbal! coding of picture material in this experimental
condlffon. Rehearsal effects on the visual store can, therefore, only be
assessed in the recognition task. Since the apparent increase, with res-
pect to zero delay, during rehearsal in EXP. Ill and 1V does not differ
from the increase during interference (EXP. 1), a comparable visual re-
hearsal mechanism seems, therefore, ineffective under the given experi-
mental conditions.

The data from the recognition and recail experiments, therefore,
support previous findings of the faciiitative effects of the verbal re-
hearsal mechanism in STM experiments, as well as provide additional evid-
ence against the existence or effectiveness of a similar facilitatlive
mechanism in the visual STS.

The effects of verbal Interference have also shown a consistent
pattern throughout the experiments. Since interference data will have tfo
be evaluated again with respect to rehearsal conditions, interference
effects will merely be a complementary aspect of the previously discussed

rehearsal effects. Thé* is, verbal interference has a damaging effect on
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verbal storage in both response tasks, while the visual store in the recog-
nition task is unaffected by counting backwards.

However, 1t seems apparent that counting backwards was not the
only interference activity involved in this experiment. Though not defined
as such, responding 1o the initial visual or auditory probe following
stimulus termination exerted a more damaging effect on STS than some of
the operationaily defined infterference conditions. The word condition
seemed especially sensitive to the various types of interferences, which
makes it possible to rank order the different types of interferences across
the three recognition experiments (Tables 5 and 6). Responding to an
auditory probe immediately after stimulus presentation resutts in the
strongest damaging effect of the verﬁal STS (EXP. 1V). Counting backwards
for 15 seconds is less damaging to the verbal store, yet is equal to res-
ponding to an auditory probe after-a 15 second rehearsal period (EXP. l-vs.
EXP. V). The least damaging of the interference effects on verbal
storage is responding to a visual probe at zero delay (EXP. | and {{1).
Fifteen seconds of rehearsal tead, of course, to the highest recognition
fevel.

The picture conditions seem to be less influenced by these parti-
cular task demands. |In fact, there are only two distinct recégnITion
levels, one at zerc and the other at 15 seconds delay. An immediate
recognition response leads to equally strong interference effect whether
the probe is presented visually or auditorily (EXP., | and 11l vs, EXP. V).
On the other hand, counting backwards, rehearsing, or rehearsing plus

auditory probe results in an equally high recognition level (EXP. |, 111 &
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V).

With this new interpretation of the various interfering task de-
mands in hand, a re-evaluation of the data leads fo several, interesting
implications. |+ seems fairly clear that any type of verbal facilitation
or Interference has little effect on the visual store, once pictures are
encoded visually. The response level for picture conditions affer a |5
second retention interval in EXP. |, t11 and IV leaves little doubt about
this assumption. More difficult fo explain is the equally damagiﬁg effect
in the zero delay conditions due to responding to a visual or auditory
probe. Why the visual STS at this particular temporal location, [.e.
during the transfer process of information from SM o STS, suffers equally
in either presentation modality of the first probe, has been Tentatively
answered in terms of the damaging effects on STS by diverting attention
during the transfer process. But, even this answer seems highly unsatis-
factory in light of differential responses in the word condition under
the same clrcumstances.

In general, the word condition leaqs to more provocative specul-
ations. The verbal-audifory as well as the visual task demands, seem fo
exert consistently damaging effects on the varbal STS., 1t is important to
notice though, that every one of the auditory-verba! task demands, i.e.,
responding to an immediate auditory prcbe, counting backwards, and re-
hearsing plus responding to an auditory probe, are more damaging to the
verbal store than are the visual task demands, l.e., responding to an immed-
jate visual probe. No claim can be made at this stage about consistent

storage specific interference effects. That is, IT might be speculated



that verbal-auditory interference is more defrimental to verbal storage

and visual Interference {s more damaging fto the visual store. Some ex~-
amples for STS specific interference effects can be extracted from the
experiments. For instance, responding to a visual probe at zero delay is
more damaging for pictures than words (EXP. | and 111), whereas for the
word condition, a lower recognition level is obtained by responding to an
auditory first probe than to a visually presented first probe (EXP. IV

vs, EXP. | and I11). However, there are also data which show that counting
backwards results in a lower recognition score for pictures fﬁan does res-
ponding to a visual probe at zero delay for words (EXP. 1).

On the other hand, it might seem more reasonable to classify inter-
fering conditions with respect fo their temporal occurrance during the
response task. That is, one could consider responding immediately, as
one Type of Interfering activity,diverting attention during the retention
Interval as another type. However, for this kind of analysis the data
are incomplete since there is no visual interference task during the
retention interval. Even with the available interference conditions,
verbal interference plus responding to an auditory probe Is missing from
the data. As a result of this, verbal and visual STS specific and task
demand specific interference effects cannot be comprehensively assessed.
Some aspects of the data, however, do point towards a possible trend of
specific inferference conditions for the verbal and visual STS.

A comparison of recall and recognition data has to start with an
evaluation of the different response demands in each task, which iIn turn

have led to an unexpected series of task specific adjustments. Learning
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strategies have been shown to differ in the two response tasks. Though the
evidence is targely based on subjective reports, fthe tesk specific learning
strategies appear by no means counterintuitive. After all, why should S
in a recali task lock &t all items in the matrix only to forget some of
them if he can ohbtain a higher recall score by concentrating on a few of
the items. Subsequently, learning rates for the two tasks can be expected
to differ also. Learning rates within each task for words and pictures,
however, appear to be falrly constant, if zero delay responses can be

used as an adequate indicator. There is no word-picture difference in

the recall experiment at this stage, and word-picture differences in the
recognition experiments are small, yet ambiguous in their interpretation
across experiments., At the same time, verbal labelling of pictures is
required in the recall task, whereas little cross modality encoding has
been eVidenced in the recogrition task. Hence, if learning rates for
words and pictures are the same with cross modality encoding, i.e., re-
call, learning rates without cross modalify encoding, i.e., recognition,
should be even faster for pictures than words. However, this might be a
rather inappropriate extention of the argument in light of the different
learning strategies across the two respcnse tasks. In summary, it seems
fairly clear that Ss use different strategies to maximize their response
scores in the two tasks. |1 seems less ciear whether pictures and words
are tearned at a different rate within each strategy. However, there is
ample evidence that words and pictures are stored differently in the two
types of experiments because of response demands.

In spite of these |imitations of the date a comparison of recall
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and recognlition results contributes critical evidence for the existence

of a visual STS. |f the response task demands verbal labelling of pictures,
the stimulus information will be stored verbaily. Subsequently there is
no difference between word and picture recall under rehearsal and inter-
ference conditions. If Ss are prevented from iabelling pictures verbally,
as in the recognition task, they will be stored in a separate STS, and will
show different effects with respect to word recognition under the two in-
terpolated activities. in effect, the negative outcome of the recail
experiments can be used as complimentary evidence for the existence of a
visual STS in the recogniticon task. |t should be noted though at this
stage that the interpolated activities were introduced as a within-S
variable In the recognition experiments, and as a between-S variable in
the recall task. To what extent this procedural difference could be con-
founding the data is, of course, unknown.

Throughout. the discussion of the presentation, interpolated
activity, and response task effects, several persistent problems have
been, at times, ignored and will be discussed now in more detail. The
most critical of these is the failure of the series of experiments to ob-
tain a recognition level for the immediate STS in words and pictures.
Subsequently, no statement czn be made about the relative efficiency of
the verbal and visual short-term storage. Furthermore, because of this
failure, interpolated activity effects could be assessed only with res-
pect to each other, and the absolute amount of change which occurs in STS
due to rehearsal and interference is stiil unknown. At this stage it

seems clear; that underiying this failure was the specific recognition



74

task selected. The damaging effect on STS due to responding to the in}fial
probe in the zero delay conditlion unexpectedly introduced an interference
factor which could not be resolved fn the given experimental situation;
and Though the nature of this damaging effect has not been satisfactorily
answered, its persistency strongly evidences the importance of the under-
lying phenomena. That is, responding during the fime of-The postulated
transfer process of information from S to STS has been shown fo be a
critical interference paradigm.

Since responding immediately affer stimulus presentation leads to
a decrease of recognition for the remalncer of the sequence, the 7.5
second defay condition in EXP. |1l should be the next closest indicator
of the pure STS estimate, at least for the picture group. Affer all,
the transfer process from S to STS should be completed by then, and it
has been shown that verbal rehearsal does not facilitate the visual
store. |f restricting the discussion to d' scores only, the data present
again a contradictory picture. In EXP. |ii there is no increase in
plcture or word recognition between zero and 7.5 seconds of rehearsal,
followed by a significant increase for the 15 second condition. In EXP.
IV, the increase occurs between zero and 7.5 seconds instead. But the
only differance in the experimental situation is the replacement of the
visual with an auditory first probe. Yet, how this experimental manipul-
ation Is related to the changing locus of the increase in recognition
scores is by no means evident, and trying to explain it with unwieldy
speculations seems equally futite.

It shouid be added here that, since d' scores in EXP. ||| suggested
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an increase for PP between zero and 7.5 seconds, further post hoc analyses
were applied in an attempt to evaluate statistically this proposition.
However, a homogeneity of varfance and a sign test did not change the
statistical interpretation. Moreover, it became apparent, that the d' score
in {tself might not be the most accurate assessment of the data, since the
fransforﬁafion of the raw data to a normal curve was based on a relatively
small N.

A further data point which invites speculations is the consistent
response level for the 15 second delay conditions for pictures and words
in EXP. 1 and IV respectively. Though the data points are highly similar,
they are clearly reflecting two different processes, i.e., counting back-
wards for EXP. | and rehearsallplus an auditory probe in EXP. IV. The
picture conditions give data points of 7.40, 6.90 and 7.05 for counting
backwards, rehearsal and rehearsal plus auditory probe. These data have
been interpreted in terms of the visual STS belng unaffected by the given
interpolated activities. However, looking at all five data points, the
differences are extremely small, and it becomes reasonable to wonder
whether the data points are indeed mediated by the different postulated
processes, or whether the data points are indicative of one single under-
lying process. That is, under the given experimental conditions, this
is the absolute minimum recognition level which will be always obtained,
regardless of experimental manipulations. The only argument against
this latter interpretation is the even lower response level for plictures
at 7.5 seconds of rehearsal in EXP. tIl. Hence, the question whether the

same or different processes are underlying this common recognition level



76

can be satisfactorily answered in the two word conditions, Is less clear
in the three picture conditions, and bescomes very meaningful in a word-
picture comparison, yet again is contradicted by the even lower recog-
nition level for the p{cTure condition at 7.5 seconds of rehearsalz.

The remaining problem centers around the involvement of specific
memory sub-systems in their contribution to overall recognition scores.
As previously postulated the immediate recognition response after stimulus
presentation seems to be mediated by SM involvement. This SM effect
apparently holds for visual and auditory presentations of the initial
probe. Since the recognition sequence lasted 45 seconds, and under delay
conditions Ss were still responding after 60 or 75 seconds following
stimulus presentation, it alsc becomes reasonabfe to ask whether responses
under these conditions can be considered as reflecting short-term sforage.
Previous evidence (among others, Atkinson & Shiffrin, 1968) strongly
suggest that short-term traces do not last for more than |5 to 30 seconds.
In effect then, most of the recognition responses in these experiments
have been obtained outside of the normal confines of STM. On the other
hand, all of the experimental manipulations, i.e., interference and re-
hearsal, have been confined within the femporal limits of STM duration.
With respect to the previously discussed Atkinson and Shiffrin model, the
fol lowing processes are postulated to occur. The stimulus information
enters the SM and is immediately transferred to STS. In the recall ex-
periments this information is either reproduced immediately, rehearsed,
or interfered with. Subsequent recall scores reflect rather adequately

The‘underlying processes in STS. |In the recognition task, however, most
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of the data points are obtained beyond the accepted duration of STS pro-
cesses. Hence, most of the data points can be expected to reflect STS or
LTS processes. Yet, since LTS capacity depends on the ability of STS to
transfer Information into LTS, and since all experimental manipulations
occurred during STS temporal |imits, the obtained recognition scores,
whether they rely on STS or LTS are still indicative of STS functions as
determined by the experimental variables. For example, recognition
scores in the word condition after verbal rehearsa‘ are relatively high,
but not only because verbal-auditory traces in STS have been contlinuously
regenerated and are, therefore, relatively strong, but also because of
the configuous transfer process to LTS, which made a high response level
at 60 seconds after stimulus presentation still possible., In effect then,
while some of the recognition response might not have been mediated purely
by STS, they still reflect fto what extent STS was able to function under
the experimental conditions. |
SUMMARY

in spite of problems in the design and various contradictory
results within a given and across the three response measures for the
series of experiments, several worthwhile findings can stiil be reported.
The recognition experiments have shown that words and pictures will be

stored differentially if cross modality encoding can be experimentally

reduced. Subsequently, the verbal STS will suffer from verbal inter-
ference and will be facilitated by rehearsal. The postulated visual STS
seems to be unaffected under similfar experimental conditions. |In addi*{on,

responding to a recognition Item immediately affer stimulus presentation
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exerts a damaging effect on the verbal and visual STS. Here again, the
damaging effect seems modality specific for the verbal STS, i.e., an
auditory probe is more damaging than a visual probe, while the visual STS
suffers to the same extent under both conditions. At the same time,
verbal and visual coding strategies seem to be task specific. |In the
recal! experiments, for instance, where pictures must be labelled for
the response task, word and picture study groups do not differ for immedi-
ate recal!l nor after rehearsal or verbal interference. That is, when
pictures are coded verbally, recall scores refliect similar response pat-
terns for word and picture presentations at zero delay and after both in-
terpolated activities. The series of experiments, however, failed Yo
obtain any evidence abcut verbal or-visual STS superiority. The reasons
for this failure are the following: the equal recall scores for word
and picture study groups at zero delay had to be interpreted in terms of
verbal coding in both groups; in contrast, the differential recognition
scores for WW and PP at zero delay had to be evaluated with respect to
the damaging effects of responding to the initial recognition item.

With reference to the original question asked in the introduction,
i.e., if verbal coding Is not demanded for pictorial material, does a
non-verbal short-term mechanism exist with similar properties as the
verbal STS, the answer seems to support Atkinson and Shiffrin's (1968)
tentative hypothesis. The experiments have confirmed previous findings
of the damaging effect of verbal interference and facilitative effects
of the rehearsal activity in the verbal STS. The lack of a differential

effect of the interpclated activities in the picture conditions in con-
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Junction with the relatively high recognition level after a fiffeen second
retention interval, on the other hand, indicate that there is a visual
STS. In fight of the fneffecfiveness of the rehearsal condition the data
further suggest that the postulated visual STS lacks a corresponding re-
hearsal mechanism, or at least show that the visual rehearsal mechanism

is ineffective in facilitating recognition scores in this particular ex-

perimental situation.
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FOOTNOTES

‘The term "trace" is here used as In the Atkinsen and Shiffrin model,
i.e., as an internal representation of the to~-be-remembered material.

2Subsequen‘l’ research has shown that counting backwards plus responding
to an auditory first probe leads to no increase in recognlition scores
from zero to fifteen seconds of delay. These data suggest that the

various postulated inferference conditions seem to exert an additive

damaging effect on the verbal STS.
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INSTRUCTIONS

This is an experiment in STM., 1In each frial you will be presented
with a matrix of six words which you are to remember for a subsequent
recognition task. Each trial will start with the presentation of the
six words for 1.2 seconds. Now, |.2 seconds is a very short duration to
fearn six words. Therefore, you will have to scan over the whole display
as rapidly as possible, in order to know all of the words. Make sure, that
you don't miss any one of the words during the short presentation time,
because some of the words will reappear in the subsequent recognition
task. The recognition task itself will consist of six slides, with cne
word each, presented at a rate of one slide every 7.5 seconds. Some of
these words in the recognition sequence will be from the previously pre-
sented matrix, and some of them will be new, unrelated words. Your task
will be, as the recognition siide appears, to decide whether the word
had been In the previous matrix or not. |f you think the word is from
the previous matrix, press the button "OLD." |f you think the word had
not been in the matrix, press "NEW.”" Since | am interested in reaction
time, you should press the choice button as fast as possible. In addition,
on several trials, the recognition task will nct be immediately follow-
ing The presentation of the matrix, instead a three digit number will
appear, and you are to count backwards by threes from this number till
| initiate the recognition sequence. To summarize. There will be nine
trials. Each trial will start with a |.Z second presentation of six
words, followed either by the first recognition slide, or by a number, in

which case you count backwards till | initiate the recognition sequence.
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Your task is to maké sure you see every word in the matrix, and to res-
pond as fast as possible in the recognition task by pressing the appropri-

ate button. Are there any questions?
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TABLE 1
ANOVA for Correct Probe Responses in

Expariment 1,

Source of Variance SS df Ms F

Between Subjects 153,50 79
A (Study Presentation) 6.34 1 6.34 3.33
R (Recognition Presentation) .70 1 .70 36
AB 1.71 1 1.71 20
Subjects within Groups 144,75 76 1.90

Within Subjects 270.00 160
C (Delay) 6.01 2 3.00 2.08
AC 33.97 2 16.89 11.79
BC 7.06 2 3.53 2.45
ABC 3.56 2 1.78 1.23
C x Subjects within ‘Groups 219,40 152 1.44

Total 423,50 239
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TABLE 2

Analysls of Simple Effects for AC Interaction With
Probe Responses (Experiment 1)

C1 CZ CS
A] (Word) 7.62 €.82 7.27
A2 (Picture) 6.25 7.17 7.32
Source df MS F p
C for A1 2 6.43 4,47 .05
AZ 2 13.56 9.41 .01
A fer C1 1 37.81 26.26 .01
C2 1 2.45 1.70 -
Cs 1 0.05 0.03

Error Within 152 i.44



TABLE 3

Newman Keuls Test for Delay Effects Using Correct
Probe Respcnses in Experiment |

e 3
Sxq .95 7512 .9014
Sxg .99 L9927 1.1268
Order 1 2 3
Treatments in
Order of C for A‘ b c a
C for A1 £.82 7.27 7.62
) C a
b - 50% .35
c - - .45
a — — -
C for A2 a b c
a - Q2% 1.07%

jo
i
§
] -
Ui

90



TABLE 4

ANOVA for d' Scores in Experiment |

Source of Variance

Between Subjects .
A (Study Presentation)
B (Recognition Presentation)

n
I

Subjects within Groups

Within Subjects
C (Delay)
AC
BC
ABC
C x Subjects within Groups

Totatl

156.
235,
2.
22
206.

420.

.61
.74
.60
.48
79

22
20

.87
10

.54

48

84

MS

1.

4,

74
60

.48
.06

10
.43

.55

.27

[~

R

8.42 °

.40

A
.

91

01

.0t
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TABLE ©

Analysis of Simple Effects for AB Interaction
with d Scores

B’ (Hord Recognition) B2 (Picture Recognition)

A, (Word Study) 3.50 2.61
'AZ (Picture Study) 2.72 3.06
Source af MS F P
B for A1 1 23,7185 11.49 .01

A, 1 3.3701 1.63 -
s for B1 1 18.3621 8.90 : .01

8, 1 5.8565 2.84 -

Error Between 76 2.0C30
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TABLE 6

Analysis of Simple Effects for AC Interaction
’ with d¥ Scores

Cl 62 C3
A] (Word Study) 3.57 2,87 2,73
A, (Picture Study) 2.53 3.19 2.94
Source df MS F
C for AL 8.0759 5,94
AZ 2 4,4652 3,29
A for C, | 1 21.6736 15.95
CZ ' 1 2.0865 1.54
03 ) .8569 .63

Error Within 152 1.3584



TABLE 7

Newman Keuls Test for Simple Delay Effects
with d' Scores in Experiment |

2 3
Sxq .95 5160 6192
Sxg .99 . .6818 L7740
Order ] 2 3
Treatments in
Order of C for A1 c b . a
C for A} 2.73 2.87 3.57
C ) a
c - LT022%% .83H7%*
b - - L1345
Treatments in
Order of C for A7 a c b
C for A2 2.5337 2.9450 3,195%5
a c b
a - 6618% L4113

- - .2505



TABLE 8

ANOVA for Correct Probe Responses in Experiment 111

Source of Variance

Between Subjects
A (WW vs. PP)
Subjects within Groups

Within Subjects
B (Delay)
AR
B x Subjects within Groups

Total

SS

170.
56
114

113
18,
1
83.

283,

53

.03
.50

.34

32

72

30

87

N
O~ O

LN

[9s]

7NN O

MS

56.03
3.01

9.16
5.86
1.09

F

18.61

8.40
e

95

<. 01

<, 01
<. C1



TABLE 9
Analysis of Simpfe Effects for AB (Presentation x Delay)
Interaction with Probe Responses (Experiment I11)
B‘ BZ- 83
A1 (Word) 7.55 7.25 7.85
A, (Picture) 5.30 6.35 6.90
Source df MS F
B for A1 2 1.80 1.68
A2 2 13.22 12,35
A for B, 1 50.62 47,31
82 1 8.10 7.57
83 1 9.03 8.453
Error Within 76 1.07
2 3
Sxg .95 = .6545 . 7864
Sxq .99 = .8696 . 9899
B for AZ 1 2 3
i - 1.05%% 1.60%%

N

96

.01

.01

1

.01



TABLE 10
Newman Keuls Test Using Probe Responses
for Delay Conditions (Experiment [11):
Delay
“ ©2 Cs
6.42 6.80 7.37
2 3
Sxq .95 . 4666 . 5606
Sxa .99 .6200 .7057
1 2 3
1 - .3750% . 9500%%

.5750%

97



TABLE 11

 ANOVA for d' Scores In Experiment 11|

Source of Variance 5S

Between Subjects 123,25
£ (WW vs. PP) 36.64
Subjects within Groups 86.61

Within Subjects 77.91
B (Delay) 8.90
AB : 1.78
B x Subjects within Grouns 67.22

Total 201,16

df

39
1
38

80
2
2

76

119

36.64 16,07
2.27

4,45 5.03
.89 1.01
.88

98

<0}

<, 01



TABLE 12

Newman Keuls Test Using d' Scores

for Delay Conditions (Experiment {11)
C] C2 C3
3.09 3,13 3.69
2 3
.95 L4208 L5056
.99 . 5591 .6320
1 2 3
1 - L0422 .5977%

2 - - . 5555%



TABLE 13

ANOVA for Per Cent Correct Resncnding to Prohe Posltlons
at Zero Delay for Experiments | and 11

Socurce of Variance

Between Subjects
A (Experiment | vs,
Experiment [11)
B (WW vs. FP)
AR
Subjects within Groups

Within Subjects
C (Position)
AC
BC
ABC
C x Subjects within Groups

Total

.83

.33
.20
.22
.08

-

.87
.80
.18

.89
.92

df

~
O

N
D~
Fo) NSO

[ 2% LS IRV ) L1 )

MS

K

460.
10.
18,

61.
16.
23,

8.
12.

33
20
22
44

17

96
83
57
27

17

24,95

4

.55

.98
.38
.94
.69

100

)

<. 01

<.0Cl



1ol
. | TABLE 14

Analysis for Simple Position Effects for Zero Delay
Conditions for WW and PP Srcups in Experiments | and |11

Order 1 2 3 4 5 8]

Treatment in
Order of Positions c a d ) e f

66.25 66.87 71.25 71.87  76.25 90.00

Truncated Range 2 3 4 5 6
qu .95 10.844 12.958 14,211 5,117 15,777
Sxg .99 14,250 16,168 17.226 18.009 18.635

c -a d ) e f

c ~ 0.625 5.000 5.625 10.000 23.750%*

a - - 4,375 5.0C0 9.375 23.125%%

d - - - 0.625 5.000 18.750%%

b - - - - 4.375 18.125%%

e - - - - - 13,750%%



TABLE 15

ANOVA for Per Cent Correct Responding at Zero Delay for

Positions One and Two (Experiments | and 111)

Source of Variance

Between Subjects
A (Experiment | vs.
Experiment H11)
B (Wvs. P)
AB
Subjects within Groups

Within Subjects
C (Position | vs.
Fositlion 2)
AC
BC
ABC
C x Subjects within Groups

Total

SS
1,069.39

2.50
40.00
.63
1.026.25

725.00

75.63
2.50
10.00
.62
636.25

1,794.38

df

79

—

.50
.00

.63

O N

.50

.63
.50
.00

.62

o]

.37

.18
2.95

PAVAL

9.03
.29

.07

102

ns



ANOVA for Correct Probe Responses in Experiment 1V

Source of Variance

Between Subjects
A (W vs, P)
Subjects within Groups

Within Subjects
B (Delay)
AB
B x Subjects within Groups

Totat

TABLE 16

SS
119
118

129
25

100

258

df

39

w

~d
NN N O

119

—

32

—~

.54
.52

103

. <01



104

TABLE 17

Newman-Keuls for Delay Effect with Probe Responses
(Experiment V)

Delay
0 7.5 15
X Correct 5.9250 6.8750 6.900
2 3
Sxq .95 5116 L6147 g
Sxq .99 6798 .7738

1 ‘ 2 z
1 - L9500%* L9750 %
2 - - .0250
3 - - -



TABLE 18

ANOVA for d' Scores (Experiment 1V)

Scurce of Variance SS

Between Subjects 93.55
A (W vs., P) 5.33
Subjects within Groups 88,21

Within Subjects 114,64
B (Delay) 13,61
AB 1.59
B x Subjects within Groups 99.42

Total 208,

19

df

39
1
38

~J o0
oM O

19

MS

N W,
N AN
N AN

8.60
.79
.30

.29

.20
.60

105

<. 01



NN -

TABLE 19

Newnan-Keuls for Delay Effect with d' Scores
(Experiment V)

scores

.95
.99

S116
.67¢8

Delay

7.5

3.08

6147
L7738

15

N
i
I

1,19%%

.45

106



TABLE 20

ANOVA for Correct Per Cent Responding to Prcbe Positions
at Zero Delay (Experiment V)

Scurce cof Variance SS df MS F
Between Subjects 601.57 39
A (W vs. P) 23,44 1 23.44  1.54-
Subjects within Groups 578.13 38 15,21
Within Subjects %,337.50 200
B (Position) 280.9¢8 5 56.19 3.53%
AB 38,44 5 12,37 T7
B x Subjects within Groups 3,018.12 190  15.88

Total 3,939.07 239

107

<.



108
TABLE 21

Analysis for Simple Position Effects for Zerc Delay
Conditions for WW and PP in Experiment IV

Order 1 2 3 4 5 6
Treatment in
Order of Positions a b C e d f

50.00 58,20 62.50 628,70 73.80 82.50

Truncated Kange _ 2 3 4 5 &
Sxa .95 17.451  20.853 22,869 24.318  25.389
Sxa .99 22,932 25.956  27.720 25,980  29.988
a b C e d f

a - 8.2 12.5 18.7 23.8 32.5%%
b - - 4.3 10.5 15.6 24.3
c - - - 6.2 3 20.0
e - - - - 1 14.8
d - - - - - 8.7

-
[
t
t
s
1
§



TABLE 22

109

ANOVA for Recall Scores in Experiment V

Source of Variance

A (W vs. P)
B (Int. vs. Rel.)
AB

Subjects within Groups

Tetal

SS

42,03
1,199,03
34.22
674.50

1,994,78

df

1
1
1
36

39

MS F P
42,03 2,24 -
1,199.03 63.99 <01
34,72 1.82 -

18.73



TABLE 23

ANOVA for Word Picture Effects During Rehearsal

in Free Recall

Source of Variance SS

A (W vs., P) ' 32.03
B (Rehearsal) 126.03%
AR _ 38.02
Subjects within Groups 819.70

Total 1,021.78

MS

39.03
126,03
38.02
22.76

O N

110

<. G5



TABLE 24

1

ANOVA for Word-Ficture Effucts After Interference
in Free Recall

Source of Variance

A (W vVs. P)
B (Interfercnce)
AB

Subjects within Croups

Total

.10

2.102.10

.50
735.0

2,837.1

af

N - — =

AN

MS

10
2,102.10
.50
20,41

.0048
102.99"
.0244



