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Abstract
In each of three experiments, participants first learned to associate nonsense syllables (CVCs)
with visual extents. In the first two experiments, these labels were then used as standards in
the method of constant stimuli. Weber fractions for the remembered standards exhibited end-
point effects and systematically varied with set size, range, and acquisition conditions. In the
third experiment, the additive factors methodology was used to permit a strong test of the
propositionally based stage models of symbolic comparisons.

Extending the developing area of
memory  psychophysics, Baranski and
Petrusic (1992) applied the dassc method of
constant stimuli with remembered standards
to determine, diredly, the precision and the
acarracy of the longmemory representations
of percepts. As in the landmark memory
psychophysics  experiment  (Bjorkman,
Lunberg & Tarnblom, 1960, participants in
the Baranski and Petrusic experiments first
leaned to associate alabel (a CVC) with
eahh element in a set of perceptua
magnitudes using traditional paired associate
training methods. In the second plese, eah
of the CVC's was presented as a standard
together with a variable perceptual
comparison stimulus using the method d
constant stimuli. Psychometric functions
were then oltained for each subjed with
eah standard () in oder to oltan
estimates of the Just Noticeeble Difference
(JND), Weber Fradion (WF=JND/S), and
the Point of Subjedive Equality (PSE).

Baranski and Petrusic (1992) argued that
their findings provided considerable support
for the view that the dementary,
unidimensional, aspeds of  sensory
experience ae preserved in memory in a
format closely anaogous to ther
representation in perception, abeit less
predsely. The present experiments are

motivated by a natural extension d this
noisy-analogue position; namely, that the
units representing the long-term memories of
unidimensional percepts, such as visua
extent, for example, are organized in an
array in which underlying perceptua
similarity is preserved through proximity of
memory analyzers, and reigbauring urits
laterally inhibit one another, with increasing
inhibition with proximity of the analyzers.

The present experiments extend ou
ealier work by examining the dfeds of
variations in the ntext of the memory
ensemble. The eamination o globa
contextual effects takes two forms. In the
first experiment, the number of stimuli in the
memory ensemble is varied. Range dfeds,
arising from variations in the spadng d the
aternatives along the underlying perceptual
continuum, are eamined in the second
experiment.

Acquisition processes are dso studied.
Experiment 2 was designed to determine if
over leaning d the aciation between
label and percept decreases putative latera
inhibition and, consequently, increases
memory predsion. The third experiment was
designed to provide atest of the aldtive
stages models of symbalic comparisons by
controlling the degree of remoteness of
asciation from label to  percept.



Participants learned to associate ancther
label (remoteness level 2) with the label
originally associated (remoteness level 1)
with the percept and subsequently made
symbolic comparisons at each remoteness
level.
EXPERIMENT 1

Although set size dfects are evident in
short-term memory (STM) search, the STM
distrader paradigm, longterm memory,
visual seach, and in the dasdc serid list
leaning paradigms, they remain to be
studied in memory psychophysics. The
present experiment was conducted with a
view toward determining the precise
dependence of the qudity of the
representation in memory on the number of
elements in memory; i.e., on set size The
extended ndsy-analogue view, suggests that
as the size of the memory ensemble
increases, the amourt of lateral inhibition
any memory unt receives increases, and
thus increases in set size must necessrily
result in dminished memory predsion for
eahr element in the larger ensemble.
Perceptual comparisons dould na exhibit
set size dfeds snceperceptua analyzers are
much more finely tuned than memory
analyzers.
Method

In the first phase of the experiment, 15
participants leaned to assciate a spedfic
label (a CVC) with each o three horizontal
lines (31.95, 106.39, and 14888 mm) and 15
additional participants learned to asciate a
label with ead of six lines (10.54, 3195,
63.90, 10639, 14888, and 20227 mm). In
order to oltain pants on the psychometric
function, the method d constant stimuli, was
used with comparison stimuli differing by -
6%, -3%, 0%, 3% and &% from the standard,
for ech o the @owe line lengths as
standards. Participants were instructed that
on ead trial they would be presented, in
succession, either two haizonta lines, aline
and a CVC, or a CVC and a line. In eah
cese they were to select, acording to the
instruction, either the longer or the shorter of
the two presentations. For the set size three
group, eadh padnt of the psychometric

function for ead standard, and each type of
standard (perception versus memory, with
the standard denated by a CVC), was based
on 24 olservations for each subject and in
the set size 6 condtion, and on 12
observations for each subject.
Results

Weber fractions. Memory precision.
Psychometric functions, with z-transformed
(Gaussan) resporse probabilities, were
obtained for eat subjed with each standard
and with ead type of standard; i.e., memory
vs perception. The intercepts (a) and slopes
(b), of these psychometric functions, are
diredly related to the PSE and JND when
the variable stimuli differ from the standards
by fixed percentages. In this cese,
PSE=S(1-ca/b), with c=0.03 the mnversion
constant and &, the standard, JND=(.675 )
(S)(c)/b and the Weber fradion is given by
WF=(.675)(c)/b. The Weber fradion is
inversely related to the slope and constancy
of dopes is required for the strong form of
Weber'slaw to hdd.
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Figure 1. Weber fradions for the memory

and the perceptual comparisons with set size
3 and set size6.
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Weber fractions for the memory and for
the perceptual standards for set size three
and set size six are plotted in Figure 1.
Several results are evident in these plots.
First, as found by Baranski and Petrusic
(1992, serial-position effeds (end-point
effects) are evident for both set size three
and six. Seand, these serial position eff ects
are much more pronounced in the set size
siXx, memory condtion. Third, memory
Weber fractions are smaller for the set size



three ondition than for the set size six
comparable standards. Fourth, the plots also
show there is greder predsion in the
representations  (i.e., smaler  Weber
Fradions) for both the set size three ad for
the set size six perceptual standards than the
correspondng memory standards.  Fifth,
there is an absence of set size dfects with
the perceptual standards. Findly, Weber's
Law is violated for the perceptua
comparisons, Weber fradions decrease &
the standard increases.

The slopes of the psychometric functions
in the memory condtion for the set size 3
condtion and those with comparable
standards in the set size 6 condtion were
subjeded to an analysis of variance
(ANOVA) with set size @ the between
groups factor and the three standard lengths
as the within-subjea fador, and level of
significance set at 0.05. The main effect of
set size was highly reliable [F(1, 28)=8.47,
MS(Error)=0.034]  confirming  reduced
discriminative sensitivity with the set size 6
standards. The main effed of standard was
aso reliable [F(2, 56)=5.91,
MS(Error)=0.014] indicaing the presence
of serial postion effeds. A comparable
ANOVA with the strictly perceptual
standards revealed neither main effeds of set
size nor standard. With set size fixed at six,
an additional ANOVA with bah memory
and  perceptual  standards  confirmed
uniformly reduced sensitivity with memory
[F(1, 14) = 39.07, MS(Error)=0.0839, and a
main effect of standard [F(5,70)=15.45,
MS(Error)=0.023], reflecting end-point
effects. However, the interaction between
whether the cmmparison involved a memory
or a perceptual standard and the particular
standard fail ed to attain statisticd reliability.

PSEs. Memory accuracy. Points of
subjedive equality were dso oltained from
the individual  subjed  psychometric
functions and these were used as an index of
memory accuracy. The plots in Figure 2
paralel closely those in Figure 1 with the
Weber fractions. First, set size dfeds are
evident in memory; PE’'s are more likely to
be dose to the standard in the set size 3

condtion than in set size 6. Seoond, the
bowed serial position effect isaso evident in
both memory conditions, with less acarate
memories for the interior standards. Finally,
PSE's in the perceptua condtion are near
their respedive standardsin every case.
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Figure 2. Probability that the PSE iswithin
the range of variable stimuli i n the memory
and perception conditions for set size3 and
6.

EXPERIMENT 2

Experiment 1 demonstrates a dependence
of the quality of the memory representation
on the number of stimuli in the memory set.
Experiment 2 was designed to determine if
this violation d independence from other
aternatives also included the spacing of the
aternatives on the underlying perceptua
continuum. Accordingly, one group o
subjeds learned to associate CVC' s with a
set of narrow range stimuli (10.54, 30.03,
50.16, and 7000 mm) and a second goup
worked with a set of wide range stimuli
(10.54, 70.00, 14089, and 20000 mm).

The noisy analogue view predicts that the
effects of range shoud be evident in larger
Weber fractions in the small range than in
the large range, primarily, because latera
inhibition in the memory array increases
with increases in similarity among the
uncerlying  perceptual  referents  and
consequently in terms of proximity of the
array of memory analyzers.

Presumably, the amourt of lateral
inhibition any analyzer in a memory array
exerts on its neighbaur depends jointly on
the proximity of the aalyzer and the



strength of the verticd connedions between
the memory analyzer and its referent
perceptual  anayzer. On the further
asaumption that latera inhibition is
diminished with increases in the strength of
the aswciative bond ketween the memory
analyzer and its perceptua referent, the
dependence of long-term perceptual memory
predsion must depend on boh the
underlying range of the perceptual referents
and the mndtions governing acquisition.
Method.

Sixteen participants were randamly
asdgred to each of the four groups arising
from the fadorial combination d two range
condtions (narrow vs. wide) and two
leaning conditions (over leaning vs. no
over leaning). Four horizontal line lengths
served as gandards in the method d
constant stimuli with variable stimuli equal
to S+.03k x &, with k=0, 1, 2. In the wide
range condtion the standards were 10.54,
70.00, 14089, and 20000 mm, and in the
narrow range they were 10.54, 30.03, 50.16,
and 7000 mm. On haf of the tridls,
participants  ®leded the  stimulus
correspondng to the shorter line and the
longer on the other half and on kaf of the
trials gimuli were presented in the CVC-line
order and the line-CVC order on the
remaining helf. After combining the data
over the two instructions and the two
presentation aders, eadh padnt on the
psychometric function was based on 12
observations for each participant.

Results

As in the first experiment, Gaussan
based psychometric functions were obtained
and slopes and intercepts were determined
for each participant.

Weber fractions. Memory precision. The
plots in Figure 3 demonstrate arange effect
in the no ower learning condition aong with
well-defined serial position eff ects; again the
end-point standards ow greater predsion
than the interior standards. It is also clea
that extensive over leaning sharpens
memory predsion, eliminates the range
effect, and gealy diminishes end-point
effects. These findings are substantiated by

an ANOVA showing a main effed of the
leaning facor [F(@, 60)=4.96),
MS(Error)=0.069]. In the no owr leaning
condition, the main effect of rangeisreliable
[F(1, 30)=4.81, MS(Error)=0.036] as is the
effect of sandard  [F(3,90)=10.65,
MS(Error)=0.016. In the over leaning
condtion, only the dfect of standard is
reliable [F(3,90)=3.67, MS(Error)=0.032
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Figure 3. Weber fradions with the wide and
the narrow ranges for the no ower leaning
and ower leaning conditions asafunction o
standard.

PSEs. Memory accuracy. As the plotsin
Figure 4 show, memory accuracy as gauged
from the PE's, closely paralels memory
predsion measured by the Weber fradion.
The range dfed is evident in the no ower
leaning condition, as are end-point effeds
and acaracy is generaly higher in the over
leaning condition.
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Figure 4. Propation o PSEswithin the
range of variable stimuli at ead standard as
afunction d range for the no over leaning
and the over learning conditi ons.
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Discussion

Taken together, the findings from
Experiments 1 and 2 povide strong suppat
for the etended ndsy-analogue view of
memory psychophysics and they provide a
clea replicaion and extension of the
Baranski and Petrusic (1992) findings.

EXPERIMENT 3

It is clea that memory representations of
elementary percepts are adivated with
properties closely analogows to those in
perception when the psychophysical task
canna be solved atherwise, as in the present
experiments and as in Petrusic, Baranski,
and Kennedy's (1992 simil arity comparison
task experiment. However, the form of the
memory representation in the simple binary
symbolic comparison task remains to be
unequivocdly established. Banks (1977)
propasitionally based semantic coding
theory continues to provide the most
compelling and full accourt of the available
data. The esence of this theoreticd position
is that the process of comparing two
symbolicdly represented percepts involves
discrete, strictly additive stages; i.e., coding
of instructions, code activation d stimuli,
code mmparison and response selection.
Experimental manipulations that prolong a
particular stage will not interact with other
stages. That is, when the aditive factors
methoddogy is invoked, the dfeds of
variables known to influence distinct stages
will necessarily result in strictly additive
effects.

This experiment provides a strong test of
the alditive stages idea by attempting to
prolong the de adivation stage of
processing. Spedficdly, let A denote aset
of lines, and B and C sets of labels (CVCs).
The A-B, B-C paired-associate, chaining
paradigm was used to establish two degrees
of assciative remotenessof the CVC labels
from the dements in set A. On the alditive
stages view, if the times for comparisons
within the more remote set are increased,
then these dfeds must be alditive over the
stimulus pairs in the mmparison set. On the
other hand, as Petrusic (199) has suggested,
if an experimental manipulation slows the

evidence acrua decisional process then
those @mparisons reguiring a greder
number of accruals will be slowed more.
Thus, if remotenessof association aff ects the
speda o accrual, then bah dfficulty and the
semantic congruity effeds (SCE) shoud be
enhanced.
Method

In the first stage of the experiment, 14
participants leaned to asociate a spedfic
CVC (set B) with eat of five horizonta
lines (set A). In the next stage, each CVC in
set B was paired with a distinct CVC in set
C. Following succesful aaquisition d the
two sets of assciations, the method d
paired comparisons was used with the CVCs
in ead set. On half of the trials participants
seleded the CVC in the par dencting the
longer line and the CV C dencting the shorter
line on the other half. Each participant made
a total of 80 comparisons in each of four
blocks. The 80 comparisons in each block
arose from 10 pEirs in each o the two sets,
with ead of the two instructions and the left
and right positions.
Results
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Figure 5. Resporse time for eath stimulus
pair with the first and secondlevels of
remoteness

Difficulty effects. An ANOVA with
median resporse time (RT) for each cdl of
the design as the dependent variable
revealed significant effeds of degree of
remoteness  [F(1,13)=9.62, MS(Error)
=1,348046 with substantial increases in
overal RTs with the more remote CVC-
percept asociation, asis evident in Figure 5.
In addition, and criticdly, the interadion
between pair (difficulty) and degree of



remoteness was reliable [F(9,117)=3.49,
MS(Error) =1,105436.1] contrary to the
additive stages models of symbdic
comparisons.

Individual differences. If intheinitia
CVC-line length acquisition stage, each line
length is represented by a simple
propasitionally based code, then participants
may well | earn to associate CV Csin the next
CVC to CVC aquisition phese with the
correspondng ordinal codes. Consequently,
acass to the ordinal representation d the
line length will be eualy fast for both
levels of remoteness Thus, the ladk of a
remoteness effed provides first hand
evidence of ordinal coding and support for
the aldtive stages models. Importantly,
there was no clea evidence of a remoteness
effect for 4 of the 14 participants.

Semantic congr uity effects.
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Figure 6. Semantic congruity index
(RT(“Longer”)-RT(“ Shorter”) for the two
levels of remotenessand the end-paint pairs.

Figure 6 provides a view of the semantic
conguity effect for the 10 participants that
show a remoteness effect. It is clea, in
violation d the alditive stages models, that
the SCE is enhanced at the second level of
remoteness
Discussion

The findings of the present experiment
clarify the aurrent status of the
propasitionally based additive stages models
of symbadlic comparisons. These models are
suppated by the data of four participants
and the data for the 10 participants siowing
a remoteness effed provide strong evidence
against this classof models. It remains to be
established for these participants whether

and hav differently they aaess the

uncerlying perceptual representations in

tasks such as those in the first two
experiments.
SUMARY AND CONCLUSIONS

Strong evidence for the extended noisy
analogue view of memory for elementary
percepts is established through the
demonstration o a dependence of bath
memory predsion (Weber fractions) and
memory accuracy (PSEs) on  dobal
contextual set size and range dfeds, and
aqquisition pocesses. Our current work

theoretical work is directed to developing a

general quantitative model that encompasses

the findings of al three of the experiments
presented here.
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