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The discriminability of remembered magnitudes
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Psychometric functions and the associated indices of discriminative performance (i.e., the point
of subjective equality [PSEl, just noticeable difference, and Weber fraction) were obtained with
the method of constant stimuli using perceptual and remembered line-length standards. Three
important results were obtained. First, comparisons with a perceptual or a remembered stan
dard were sensitive to variations of absolute stimulus differences with a common ratio; that is,
Weber's law was violated. Second, relative to discriminative performance with the longest and
shortest remembered standards, comparisons involving mid-range remembered standards dis
played increased variability in the PSE and inflated Weber fractions, characteristic of a reduc
tion in the quality of the memorial representation. Finally, large and negative time-order errors
(TOE) were observed for successive line judgments but not for those involving remembered stan
dards. The implications of these findings for research concerned with the relationships between
perception and memory, as well as the TOE phenomenon, are discussed.

Woodworth (1938), in the first chapter of his classic
text, .. Experimental Psychology," concludes:

The experimental results are in good agreement on the nega
tive conclusion: No absolute difference exists between an
image and a percept, and there is 110 sure criterion by which
one can be distinguished from the other. (p. 45)

Following the recent resurgence of interest in the rela-
tionships between perception and memory, Woodworth's
(1938) negative conclusion can be viewed more positively.
Several findings, based on the application of traditional
psychophysical methods to remembered stimuli, have re
vealed important commonalities between perception and
memory, and these commonalities permit a characteriza
tion of their shared processes and properties (see Finke,
1980, 1985; Finke & Shepard, 1985; Kosslyn, 1980;
Shepard, 1984, for reviews).

Shepard and Chipman (1970) originally provided the
elegant demonstration of a ••second-order isomorphism"
between perception and memory, derived from a multi
dimensional scaling analysis of perceived and remembered
representations of the shapes of the U.S. states. Similarly,
several experiments using magnitude estimates (Stevens,
1957) of perceived and remembered stimuli have dem
onstrated an important psychophysical relationship on var
ious continua (e.g., Bjorkman, Lundberg, & Tarnblom,
1960; Bradley & Vido, 1985; Chew & Richardson, 1980;
Kerst & Howard, 1978; Moyer, Bradley, Sorensen, Whit
ing, & Mansfield, 1978). In each case, the perceived and
remembered magnitude estimates were power functions
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of the physical magnitudes with related exponents. As
well, Algom, Wolf, and Bergman (1985) and Wolf and
Algom (1987) have demonstrated similar commonalities
between perception and memory on the basis of psycho
physical relations (power functions) derived from func
tional measurement analyses (Anderson, 1970).

In the context of psychophysical comparison, it has long
been known that as two perceived magnitudes become
more similar for comparison, more time is required to
distinguish them (Cattell, 1902; Henmon, 1906; Munster
berg, 1894). Moyer (1973; Moyer & Landauer,/1967)
demonstrated the important parallel for memory by show
ing that a response time distance effect can be!obtained
for comparisons involving subjective differences between
symbolically coded items. Soon after, Moyer and Bayer
(1976) extended the symbolic comparison research to in
clude magnitudes compared on an induced linear order
ing (cf. Phillips, 1958). They first employed a paired
associate learning phase where four different circle sizes
were leamed to be represented by specific consonant
vowel-consonant (CVC) letter triads. In the subsequent
comparative judgment task, subjects judged the relative
size of either pairs of circles or pairs of CVCs. In addi
tion to distance effects, Moyer and Bayer (1976) found
that the stimulus set with larger absolute differences be
tween items (i.e., larger stimulus range) displayed faster
response times for both the perceived and remembered
comparisons. This range effect led them to conclude that
an interval scale representation of perceptual magnitudes
could be preserved in memory and that subjects can use
this interval (analogue) information when performing
mental comparisons.

Subsequently, Banks, Mermelstein, and Yu (1982) and
Henderson and Well (1985) failed to replicate the Moyer
and Bayer (1976) memory range effect; suggesting that,
at best, an ordinal scale relation holds for remembered
magnitudes. However, perhaps less well publicized was
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the fact that Bankset al. (1982) also did not find a reliable
range effect for the perceptual comparisons. Henderson
and Well (1985), on the other hand, did not provide a
perceptual condition in order to contrast the remembered
comparison data. It may be, then, that the strongest evi
dence against the analogue view of memorial representa
tion stemmed from instances in which the stimulus range
was not sufficiently different for memory or perception
(see Petrusic & Baranski, 1992, for a reexamination of
the range effect).

The present studies continue to explore the commonal
ities and differences between perception and memory in
the context of relative judgments by extending the classic
psychophysical method of constant stimuli (Hegelmaier,
1852) to include remembered standards. Thus, on all
trials, subjects chose the longer or the shorter of two hor
izontalline segments, where one was a physical, variable,
"comparison" stimulus. On one half of the trials the
"standard" was also a physical line, whereas on the other
half the standard was a letter triad (CVC) that represented
the physical standard (defined, as with Moyer & Bayer,
1976, in a previous paired-associate learning session).

With the method of constant stimuli, psychometric func
tions can be obtained separately for comparisons with the
perceptual and the remembered standards. Psychometric
function analyses permit a direct comparison of dis
criminative sensitivity with a perceptual and a remem
bered standard, characterized in terms of the classic mea
sures of just noticeable difference (JND) and Weber
fraction. In addition, psychometric-function analyses also
permit derivation of a point of subjective equality (PSE)
for a perceptual and a remembered standard. Importantly,
the difference between the PSE for a remembered stan
dard and the actual, physical, standard value (i.e., the con
stant error) provides an index of the location precision
for remembered magnitudes.

The task employed successive comparisons because 000
(1967) has shown that neither the strict form of Weber's
law nor the generalized Weber's law proposed by Miller
(1947) (JND = WF x St + c) holds for simultaneous line
comparisons because subjects can solve the discrimination
problem by simply noting discrepancies at the ends of the
two lines (i.e., the task becomes tantamount to an acuity
judgment based on stimulus differences). Importantly, 000
also showed that this constraint can be overcome when
the two stimuli are spatially separated and thus not avail
able in the same visual fixation. However, although Ono's
latter result provides a sufficient condition for the com
parison of simultaneously presented lines, spatially sepa
rated presentation of a line and a CVC still permits pos
sible identification/categorization of the comparison lines
relative to the CVC. Hence, only by presenting the stimuli
successively can we ensure comparison on trials involving
line standards and CVC standards. Of course, when two
lines are presented successively, the comparison necessar
ily requires memory for the first line. Thus, comparisons
of this variety are commonly referred to as "perceptual
memory" comparisons (see Kinchla & Smyzer, 1967;
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Laming & Scheiwiller, 1985). Hence, the present studies
sought to extend the examination of Weber's law for linear
extent to perceptual-memory comparisons and compari
sons involving (long-term) symbolic representations ofper
ceptual magnitudes.

An additional benefit of successive comparisons is that
they permit the study of presentation-order effects with
the perceptual and symbolic standards. Presentation-order
effects were first discovered by Fechner (1860/1966),
who found that the discrimination of a pair of succes
sively lifted weights was better when the second weight
lifted was the heavier. Fechner named thisunderestima
tion of the first stimulus a negative error and contrasted
it with a positive error (typically found with small mag
nitudes) in which the first stimulus is overestimated rel
ative to the second.

Since Fechner's (1860/1966) findings, a very large em
pirical and theoretical literature hasarisen concerning these
presentation-order effects, or time-order errors (TOEs)
as they are more commonly known (see Hellstrom, 1985,
for a comprehensive review). Although TOEs have been
extensively studied with successive perceptual stimuli, es
pecially in the context of duration discrimination (e.g.,
Allan & Kristofferson, 1974; Hellstrom, 1977; Jamieson
& Petrusic, 1975a, 1975c; Petrusic, 1984; Schab &
Crowder, 1988), they have yet to be investigated for judg
ments involving symbolic magnitudes.

The OCCUrrence of TOEs with symbolic magnitudes
would be especially interesting because several recent in
terpretations of the TOE consider the effect to be a
perceptual-memory phenomenon (Hellstrom, 1977, 1985;
Jamieson & Petrusic, 1975a, 1975c; Petrusic, 1984). For
example, the prevalent theoretical position of the TOE
to date is Hellstrom's (1985) quantitatively developed dif
ferential sensation-weighting theory, where the weights
are understood to reflect dynamic contrast and assimila
tion effects operating on the perceptual-memory repre
sentations of the stimuli to be compared. Hence, accord
ing to this view, the occurrence of TOEs with symbolic
magnitudes would imply that a symbolic CVC code can
activate the same sensory mechanisms involved in direct
perceptual experiences. Interestingly, this general posi
tion has been proposed by proponents of the strong im
agery view of memory representations (e.g., Farah, 1985;
Finke, 1980, 1985).

In summary, one goal of the research was to obtain
PSEs and JNDs for long-term memories of percepts by
requiring, for the first time, confusable relational judg
ments with symbolic magnitudes. The second goal was
to investigate presentation-order effects with symbolic
magnitudes. The occurrence of TOEs with symbolic mag
nitudes would extend the research that suggests a func
tional equivalence between perception and memory and
have important implications about the nature of symbolic
representations. On the other hand, a failure to obtain
TOEs with symbolic magnitudes would provide a crite
rion for distinguishing between the processing of percep
tual and memory-based information.
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EXPERIMENT 1

Method
Subjects

Twenty-three Carleton University students participated in one 90
min session to satisfy part of the laboratory requirements ofa third
year cognition course. All subjects reported normal or corrected
to-normal vision and were naive with respect to the nature and aims
of the experiment.

Apparatus
Stimuli were presented on an Amdek-31OA video monitor. High

resolution graphics were permitted with a Hercules monochrome
card and MetaWindows graphics under Turbo Pascal software con
trol. Timing, accurate to within ±l msec, was possible with a Data
Translation clock board and extensive software development.
Graphics production, stimulus presentation, event sequencing, and
the recording of responses and response times were controlled by
an mM PC XT clone computer. Responses were made using the
buttons on an ffiM PC mouse,and confidence levels were registered
usi~g the PC keyboard.

Stimuli
Three horizontal lines (l0.54, 100, and 200 mm) were used as

standards in the method of constant stimuli. Five comparison line
lengths were chosen at -6%, -3%,0%, +3%, and +6% differ
ence from each standard. Thus, the comparison lines had values
of 9.90, 10.22, 10.54, 10.86, and 11.18 mm for the short stan
dard, 94, 97, 100, 103, and 106 mm for the medium-length stan
dard, and 188, 194,200,206, and 212 mm for the long standard.
Hence, as the length of the standard increased, the stimulus ratios
were held constant but the absolute stimulus differences (and thus
a priori ease of comparison) increased.

All lines were 1 mm wide and appeared in amber color on a black
background. The midpoint of each line was horizontally and verti
cally centered on the screen, and the shortest and longest lines sub
tended visual angles of approximately 10 and 100, respectively.

Procedure
Part 1: Learning. Each session began with a learning phase in

which the subjects learned to associate the three line-length stan
dards with specific letter triads (GUF, BIX, or ZOC), which were
counterbalanced across subjects according to a Latin-square design.
On each learning trial, a single line was presented on the computer
screen, below which was a rectangular box, divided into three equal
squares, in which the three possible CVCs appeared (in a random
order on each trial). By moving the PC mouse from side to side,
the subject was able to illuminate, in succession, anyone of the
three CVC-eontaining squares. The subject depressed the middle
key on the mouse when he/she assumed the appropriately illumi
nated CVC to correspond to the line length presented. The subject
had 5,000 msec to perform the association. If this time was ex
ceeded, "Too Slow" appeared and the appropriate box was illu
minated for the subject for 2,000 msec. If the subject responded
under the time limit but was incorrect, then again the appropriate
box was illuminated for 2,000 msec.

The subjects were randomly assigned to one of two learning
groups. The subjects in Group I, the "underleaming" group, per
formed these associations until they met a criterion of9 successive
matches, 3 with each CVC standard. This was then followed by
18 additional learning trials. The subjects in Group 2, the "over
learning" group, also had to provide 9 successive matches, but this
was followed by 90 additional learning trials. All subjects were in
structed to closely attend to the magnitudes of the line lengths they
were learning since they would be using this information in the next
part of the experiment.

Part 2: Comparative judgment task. Following the learning
phase, the subjects were instructed that on each trial they would
be presented, in succession, either two horizontal lines, a line and
a CVC, or a CVC and a line. In each case, they would have to
select, according to the instruction, either the longer or the shorter
of the two presentations. In the case of either a line-CVC or CVC
line presentation, the CVC was to correspond to the line length
learned in the previous phase of the experiment. For all trials, the
left button on the mouse corresponded to the stimulus presented
first and the right button to that presented second, relative to the
instruction. The subjects were asked to be as accurate as they could,
while not taking too much time to respond.

Each session was comprised of3 blocks of 120 randomized trials.
The trials in each block arose from the factorial combination of
the 3 standard lengths (10.54, 100, and 200 mm) x 2 types of stan
dard (line, CVC) x 5 comparison stimuli (-6%, -3%,0%, +3%,
+6% difference) x 2 instructions (LONGER, SHORTER) X 2 presenta
tion orders (standard first, standard second).

Each trial began with the presentation of an instruction (LONGER

or SHORTER), which remained centered near the top of the screen
throughout the trial. One second after the instruction appeared, the
first stimulus was presented for 2,000 msecand then removed. Fol
lowing a 5OO-msec interstimulus interval (ISO, the second stimu
lus was presented and remained on the screen until the completion
of the comparative judgment. Response times were recorded from
the presentation of the second stimulus until response selection. Fol
lowing the response, the screen was cleared and the subject was
given a visual prompt to provide a confidence rating that was to
indicate how certain he/she was that he/she made the correct judg
rnent.! The subject typeda confidence value (0-100) on the PC key
board and then depressed the "Enter" key to record the confidence
report and initiate the next trial.

The subject operated under a 1Q-secdeadline. If this was exceeded,
the statement "Too Slow" appeared following the response. Two
seconds separated the registration of confidence and the next trial,
and the subject was not provided with accuracy feedback at any
point during the task.

Results and Discussion

Three subjects provided pilot sessions in order to es
tablish the comparative difficulty levels and sessional du
ration. The data of these subjects are not reported. For
the remaining 20 subjects, trials on which response times
exceeded 10 sec were discarded. This accounted for 28
of the 7,200 trials obtained (0.3%).

The results are presented in four major sections. The
first outlines the effects of the differential learning crite
rion. The second provides the psychometric-function anal
ysis and associated indices of discrimination performance.
The third investigates the effects of presentation order,
and the fourth examines the response-time properties as
sociated with the comparative judgment task.

DitTerentiai Learning Effects
A five-way analysis of variance (ANOVA), with (arc

sine transformed) percent correct as the dependent mea
sure, was used to analyze the results of the differential
learning criterion. The two learning conditions provided
the between-group factor, and standard type (line, Cv'C),
standard length (10.54, 100, and 200 mm), variable stim
ulus.? and presentation order (long-short vs. short-long)'
were within-subject variables.
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Figure I. Z score psychometric functions for the three levels of perceptual (filled circles) and remembered (open circles) standards

in Experiment I. R' values for the 10.54-, 100-, and 200-mm standards are, respectively, .996, .990, and .993 for the remembered stan
dards and .978, .976, and .960 for the perceptual standards.

The main effect of learning group was reliable [FO,18)
= 7.82, P < .02]. Overall, the overlearning group was
more accurate than the underleaming group (76.3% vs.
69.5%). This main effect was qualified by an interaction
between learning group and standard type [FO,18) =
5.24,P < .05]. However, this interaction, surprisingly,
ran counter to what might be expected. The overlearning
group was slightly more accurate than the underlearning
group for comparisons involving the CVC standards
(69.4% vs. 65.5%) but was even more accurate than the
underlearning group for the successive perceptual com
parisons (83.3% vs. 73.4%). The reason for this latter
result is not clear. 3 What is clear, however, is that the
differentialleaming criterion had a minimal effect on per
fonnance with the remembered standards and can be at
tributed to a learning ceiling effect.

One final interaction involving learning group was ob
tained. This was a four-way effect involving standard type,
standard length, and comparison pair [F(2,36) = 4.48,
P < .05]. This complex interaction accounts, in part, for
the main effect. The overlearning group was more ac
curate than the underleaming group for comparisons with
the end pairs of the short perceptual standard (82.9% vs.
71.3%). Because there were no other interactions involv
ing group, we combined the data over the two levels of
this factor for the remaining analyses.

Psychometric-Function Analyses
Figure I provides the z score psychometric functions

for the three levels of perceptual and remembered stan
dards for the combined data in Experiment I, and Table 1
provides the psychophysical-perfonnance measures as
sociated with these functions. Each plot was obtained by
taking the first-order regression through the z scores that

corresponded to the probability that the variable stimu
lus was judged longer than the standard." Note that the
z scores are plotted with respect to an effect coding (see
Bock & Jones, 1968, p. 32) on the x-axis. That is, the
four comparison stimuli, with values not equal to thestan
dard, are converted to ordinal points (-2, -1, I, 2) to
permit direct comparison of the slopes (i.e., discrimina
tive sensitivity) in the various conditions.

Discriminative sensitivity. The JND provides an in
dex of discriminative sensitivity for each standard. The
JNDs in Table 1 were obtained by taking one half of the
difference between the upper and lower limen [JND =
(UL - LL)/2] for each psychometric function, where the
UL and LL are defined as the values of x corresponding
to z scores of 0.675 and -0.675, respectively. TheWeber
fraction, or normalized sensitivity index, is also provided
in Table I, permitting an investigation of Weber's law
for comparisons with the perceptual and remembered
standards.

Figure 1 shows that thepsychometric functions obtained
with the perceptual standards display an increase in slope
as standard length increases. This is evident as a decrease

Table 1
Point of Subjective Equality (PSE), JustNOCicelIbIe DIfference (JND),
and Weber Fraction (WF) for Comparison with the Perceptual (P)

and Remembered (R) Standards In Experiment 1

Standard (mm) PSE (rom) JND (rom) WF

10.54 (P) 10.57 .54 .051
(R) 11.11 .79 .076

100 (P) 99.68 4.13 .041
(R) 97.27 9.24 .092

200 (P) 199.58 6.48 .032
(R) 200.44 8.49 .042
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of the Weber fraction with standard length, providing a
violation of Weber's law. Specifically, fixed ratios require
constancy in the slopes of the psychometric functions,
and thus constant Weber fractions, for Weber's law to
hold. Indeed, 17 of 20 subjects displayed a steeper psycho
metric function for the long standard than for the short
standard.

In contrast to performance with the perceptual stan
dards, discriminative sensitivity with the remembered
standards is reduced. This is evident by shallower slopes
of the psychometric functions and thus larger JNDs and
Weber fractions for each standard value. Furthermore,
comparisons involving the remembered standards show
a similar violation of Weber's law. Here, 18 of 20 sub
jects displayed a steeper psychometric function for the
long standard than for the short standard. Unlike with the
perceptual standards, however, the Weber fraction does
not show a consistent decrease with standard length; there
is a substantial peak in the Weber fraction for the middle
CVC standard, denoting a marked reduction in discrimina
bility for comparisons made with that standard.

Individual-subject analyses. Psychometric functions
were computed for each subject at each level ofperceptual
and remembered standard. The slopes' of these psycho
metric functions were subjected to a trend analysis with
standard type (CVC, line) and the three standard lengths
as within-subject factors. The linear component of standard
length was highly reliable [F(I,19) =38.06, p < .0001),
confirming that the slopes of the psychometric functions
increased as standard length increased and verifying the
violation of Weber's law with the perceptual and remem
bered standards. The quadratic component was also reli
able [F(1,19) = 6.99, p < .02J, indicating that the
psychometric-function slopes increase sharply for com
parisons with the 200-mm standard. The main effect of
standard type was highly reliable [F(1,19) = 30.01,
p < .0001), confirming that the slopes of the psycho
metric functions were steeper with the perceptual than
with the remembered standards. The linear component of
the interaction between standard length and standard type
was not reliable [F( I ,19) < 1.0). However, the quadratic
component was reliable [F( I ,19) = 4.62, P < .05), con
firming the peak in the Weber fraction for comparisons
with the middle CVC standard.

Finally, it is interesting to note the relationship between
discriminative sensitivity with a perceptual and with a re
membered standard. The Pearson product-moment corre
lation between the slopes of the individual-subject psycho
metric functions with the perceptual and remembered
standards was .462 [F(1,58) = 15.61, P < .0003). This
suggests that the limits of resolution and distinctiveness
of perceptual stimuli are closely related to the resolution
and distinctiveness of remembered stimuli (cf. Shepard
& Chipman's, 1970, "second order isomorphism").

Stimulus location precision. The PSEs for the com
bined data are provided in Table I and can also be seen
in Figure I as the points at which the psychometric func
tions cut the x-axis. In contrast to the actual standard

value, the PSE corresponds to the subjective standard
value assumed by the observer. Thus, the difference be
tween the actual standard and the PSE, commonly referred
to as the constant error, provides an index of stimulus lo
cation precision.

Figure 2 provides frequency distributions of individual
subject PSEs for each level of perceptual and remembered
standard. As expected, the PSEs for successive perceptual
comparisons are virtually identical to the actual standard
values. In contrast, the PSEs representing the magnitudes
of the remembered standards show greater variability. In
addition, consistent with the reduced discriminability evi
dent for the middle CVC standard, 8 subjects provided
PSEs outside the range of comparison stimuli for the mid
dle standard as compared with 6 for the short standard
and only 1 for the long standard.

Although the distributions of PSEs in Figure 2 provide
an important view of the variability of long-term memo
ries for percepts, it should be noted that deviations in the
PSE can also arise as a consequence of simple response
biases (see Engen, 1971). For example, a bias to view
the memory standards as "longer" than the comparison
stimuli would have the effect of shifting all the PSEs to
the right. However, the bias interpretation loses consider
able force when, as is evident in Figure 2, the distribu
tions of PSEs are shifted to the right for the short stan
dard, to the left for the middle standard, and are evenly
distributed for the long standard. In addition, there Were
no consistent tendencies for individual subjects to either
over- or underestimate the three standards.

One factor that provides a partial explanation for these
PSE shifts is the classic notion of memory "pooling" or
"central-tendency" (Hollingworth, 1910; Leuba, 1892).
According to this view, items in long-term memory will
exhibit a natural propensity to migrate, or drift, towards
the geometric mean, or "adaptation-level" (Helson,
1947), of the subjective stimulus range. The geometric
mean of the standards in the present study (10.54, 100,
and 200 mm), following Helson (1947), is 59.3 mm. By
this process, then, the short standard should exhibit a posi
tive drift in the PSE and the mid- and long-range stan
dards should exhibit a negative PSE drift. Although the
PSE drifts for the short- and mid-range standards are con
sistent with the predictions of the central-tendency view,
the PSEs for the long standard do not show any consis
tent drift tendencies.

Presentation-order Analyses
Table 2 provides TOE indices for comparison with the

three levels of perceptual and remembered standards. Fol
lowing Jamieson and Petrusic (1975a, 1975c), the TOE
index is defined as

TOE = ~ [(P(c)IL-S) - (P(c)IS-L»),

where L-S and S-L refer to the longer-stimulus-first and
shorter-stimulus-first presentation orders, respectively:

With successive perceptual comparisons we see the clas
sic negative TOE. That is, accuracy is higher when the
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Figure 2. Frequency distributions of PSEs for the three levels of perceptual (ftUed bars)

and remembered (open bars) standards in Experiment l. Interval widths are .32, 3, and
6 mm for the 10.54-, 100-, and 200-mm standards, respectively. The symbol • denotes
instances in which PSEs could not be calculated because the slope of the psycbometrlc func
tion approached zero or was negative.

longer line is presented second. The long perceptual stan
dard does not show a TOE because comparisons made
with that standard were very accurate and TOEs are
known to decrease in magnitude as discriminability in
creases (e.g., Jamieson & Petrusic, 1975c).

In contrast, TOEs are clearly not evident for compari
sons involving the remembered standards. The ANOVA
reported in the first section of the Results revealed a reli
able three-way interaction between standard type, com
parison stimulus, and presentation order [F(1,18) = 7.54,

p < .02], confirming that TOEs occurred only for com
parisons involving the perceptual standards.

Comparisons involving identical pairs. Performance
on trials involving comparisons of the standard with it
self were consistent with the global effects of presenta
tion order reported above. Specifically, for line standards,
the second line was judged longer than the first on 55.2%
of the trials [x 1(1,N = 718) = 7.627, p < .01], with
the largest difference (56.1%) occurring with the short
standard where the TOE was the largest and the smallest
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Table 2
TOE Index (~) lor the Three Levels 01 Perceptual

and Remembered Standards In Experiment 1

difference (53.8%) occurring with the long standard where
the TOE was negligible. In contrast, for standard-CVC
or CVC-standard comparisons, the second stimulus was
judged the longer on only 51.5% of the trials [X2(l ,N =

717) = 0.615, P > .5J.

Response-Time Analyses
Figure 3 plots mean response times for comparisons

with the three levels of perceptual and remembered stan
dards as a function of presentation order (standard first
vs. standard second) for the combined data of all subjects.
As expected, response times are slower when compari
son involves a remembered standard. In addition, the TOE
evident with the percent-eorrect measure in the previous
section is also evident with the response-time measure for
comparisons involving the perceptual standards. Specifi
cally, for variable stimuli less than the standard (i.e., 9.90,
10.22,94,97, 188, and194 rom), response times are faster
in the variable-standard presentation order because the
standards are longer. On the other hand, response times
are faster in the standard-variable presentation order for
comparisons involving variable stimuli greater than the
standard because the variable lines are longer.

For comparisons involving the remembered standards,
there is clearly no comparable TOE effect on response
time. However, there is evidence for a presentation-order
effect of a different variety. Namely, response times are
uniformly faster in thevariable-standard presentation order

Short
Medium
Long

Perceptual Remembered

-7.7 -1.6
-4.5 -1.4
+0.4 +2.1

(i.e., the line-CVC order). This result makes sense. If
the CVC appears first, then the subjects must wait until
the line is presented before they can initiate the compari
son. On the other hand, if the line appears first, then the
subjects immediately know which of thethree CVCs might
be presented (i.e., on two thirds of such trials, the subse
quent stimulus will be another line) and they apparently
initiate the appropriate retrieval operation during the lSI.

Although response times were faster in the line-CVC
order, response accuracy was slightly poorer (65.5% vs.
69.3%). Rather than a strategic speed-accuracy tradeoff
effect, the faster but less accurate responding in the
line-CVC order is most likely due to early retrieval of
the CVC standard and perceptual-memory decay of the
line, respectively (further evidence for this view will be
provided in Experiment 2).

Finally, collapsing the data over the two presentation
orders reveals that response times for comparisons with
both the perceptual and remembered standards were sen
sitive to the relative difficulty of the judgments. Specifi
cally, in each case, response times peakat the PSE (see
Table I) and decrease as the difference between the PSE
and variable stimuli increases.

A four-way ANOVA with mean response time as the
dependent variable andstandard type (line, cvq, the three
standards, four comparison stimuli, andpresentation order
(S-L, L-S) as within-subject factors was used to evaluate
the results. Response times were faster for comparisons
with a perceptual standard than with a CVC standard
[1,665 msec vs. 2,685 msec; F(I,19) = 84.01; p <
.000IJ. The main effect of standard length wasreliable
[F(2,38) = 7.52, p < .000J; comparisons involving the
short standard were fastest for both theperceptual standards
(short = 1,611 msec, medium = 1,691 msec, long =
1,692 msec) andthe CVC standards (short = 2,536 msec,
medium = 2,809 msec, long = 2,711 msec). The inter
action between standard type and standard length was not
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reliable [F(2,38) = 2.68, p > .08]. The main effect of
comparison stimulus was reliable [F(3,57) = 4.39,
P < .011], which confirmed that response times de
pended on the values of the variable stimuli. The main
effect of order was reliable [F(1,19) = 4.61, P < .05],
as was the interaction between comparison pair and order
[F(3,57) = 3.86,p < .05]. Thelattereffectswerequali
fied by a three-way interaction between standard type,
order of presentation, and comparison stimulus [F(3,57)
= 2.35, P < .04], which confirms the response-time
TOE for the successive perceptual comparisons and the
difference between line-CYC and CYC-line comparisons
for trials involving remembered standards.

Discussion
Three main findings were obtained in Experiment 1.

First, it is possible to perform confusable relational judg
ments with remembered magnitudes and thus obtain the
classic psychophysical-performance measures of IND,
PSE, and Weber fractions. Although discriminative sen
sitivity is reduced when comparison involves a symbolic
standard, comparisons with either a perceptual or a sym
bolic standard are sensitive to increases in stimulus dif
ferences with a common ratio (i.e., Weber's law is vio
lated). Second, relative to performance with the short and

long CYC standards, comparison with the middle CYC
standard displayed a reduction in discriminative sensitiv
ity (i.e., higher Weber fraction) and a reduction in loca
tion precision (i.e., more variable PSEs). Finally, com
parisons involving symbolic standards are somehow
distinct because they do not show a TOE.

It is interesting to note that Weber's law was violated
in a similar way for comparisons with the perceptual and
remembered standards (i.e., superior discriminative sen
sitivity with the long standard). However, further analy
ses revealed that the TOE was involved in the violation
of Weber's law for the successive perceptual compari
sons but not for comparisons involving the remembered
standards. Figure 4 provides plots of psychometric func
tions for each level of perceptual and remembered stan
dards as a function of presentation order (L-S vs. S-L).
For comparisons with the perceptual standards (left
column), the interesting result is that Weber's law actu
ally holds remarkably well in the short-long presentation
order. In the long-short presentation order, on the other
hand, the slopes of the psychometric functions vary with
standard length and the magnitude of the deviation is
directly proportional to the magnitude of the TOE (see
Table 2). Interestingly, Getty (1975) obtained a similar
result in the context of successive comparisons of dura-
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tion discrimination. Getty found that Weber's law held
for durations of the standard stimulus in the range from
200 to 2,000 msec. For durations beyond 2,000 msec,
Getty obtained a dramatic increase in the Weber fraction
and this violation was concomitant with the appearance
of a large, negative TOE.

For comparisons involving the remembered standards,
as previously noted, there is no difference in performance
with respect to presentation order. In fact, the psycho
metric functions are virtually identical in the two orders,
and the clear basis for the violation of Weber's law is the
dramatically increased discriminative sensitivity with the
long standard.

Before discussing the implications of these results as
well as those stated above, we concede that after com
pleting Experiment 1 we were concerned that the degree
of location precision attained with the remembered stan
dards could have been due, in part, to the intermixing of
line-line comparisons, with comparisons involving CYCs.
Specifically, one half of the trials involved line-line com
parisons, and it might have been possible that repeated
exposure to a limited range of variable stimuli allowed
subjects to acquire some information about the value of
the standard. However, bear in mind that subjects did not
know that a member of a given line-line pair was a stan
dard, let alone which one was the standard. In any case,
the purpose of Experiment 2 was to replicate the major
results obtained in Experiment 1 while removing the
potential for any alternative strategies. In Experiment 2,
we used the same task but had subjects participate in two
sessions, the first involving only CYC-line and line-CYC
comparisons and the second involving only line-line
comparisons.

EXPERIMENT 2

Method

Subjects
Twelve Carleton University graduate students participated in two

experimental sessions of approximately 1 h in duration. All sub
jects were naive with respect to the nature and aims of the experi
ment and were paid $15 for their participation.

Stimuli and Apparatus
The stimuli and apparatus were the same as in Experiment I.

Procedure
Session I involved only CYC-line and line-CYC comparisons.

The session was preceded by the overlearning phase described in
Experiment 1. On Day 2, the subjects returned for a session of line
line comparisons. Both sessions consisted of four blocks of 60 ran
domized trials (3 standards x 5 comparison stimuli x 2 instruc
tions x 2 presentation orders). All other aspects of the procedure
were the same as in Experiment I.

Results and Discussion
As in Experiment 1, trials on which response times ex

ceeded 10 sec were excluded from the analyses. This ac
counted for 13 (0.2%) of the 5,760 trials obtained. The
results are presented in three sections. The first examines
the psychometric functions and associated indices of dis
crimination performance. The second investigates the ef
fect of presentation order, and the third examines the
response-time data for these comparisons.

Psychometric-Function Analyses
Figure 5 provides the psychometric functions for the

combined data in Experiment 2, and Table 3 provides the
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Table 3
Point of Subjective Equality (PSE), JIBtNoticaIbIe DUl'erenceUNJ»,
and Weber Fraction (WF) for Comparison with the Perceptual (P)

and Remembered (R) Standards in Experiment 2

Standard (mrn) PSE (mrn) JND (mrn) WF

10.54 (P) 10.58 .39 .037
(R) 10.53 .65 .062

100 (P) 99.80 4.11 .041
(R) 95.75 7.08 .071

200 (P) 199.34 5.75 .028
(R) 204.60 8.60 .043

psychophysical-performance measures associated with
these functions.

Discriminative sensitivity. The main results reported
in Experiment 1 were replicated: (1) Accuracy was higher
for comparisons with the perceptual standards than with
the CVC standards (80.0% vs. 70.1%), resulting in higher
JNDs and Weber fractions for each memory standard;
(2) the slopes of the psychometric functions increased with
standard length for the perceptual and remembered stan
dards, confirming the violation of Weber's law with each;
specifically, for both types of standards, 9 of 12 subjects
displayed a steeper psychometric function for the long
standard than for the short standard; and (3) discriminative
sensitivity was poorest for comparisons made with the
middle CVC standard, evident in the inflated Weber frac
tion obtained for that standard.

Individual-subject analyses. A trend analysis parallel
ing the one in Experiment 1 was used to analyze the
results. Again, the slopes of the individual-subject psycho
metric functions were used as the dependent variable, with
standard type (line, CVC) and the three standard lengths
as within-subject factors. The maineffect of standard type
was reliable [F(1,ll) = 30.37, p < .0001], which con
firmed that the Weber fractions were higher for compar
isons with the remembered standards. A reliable effect
ofstandard length [F(2,22) = 4.97,p < .025] confirmed
the decrease in the Weber fraction with both the percep
tual and remembered standards. Unlike in Experiment 1,
however, the quadratic interaction between standard type
and standard length was not reliable (F < 1) because the
Weber fraction did not monotonically decrease for the per
ceptual standards. Rather, it actually increased slightly
for the middle standard and then dropped off sharply for
the long standard. As in Experiment 1, however, devia
tions in the Weber fraction for the successive perceptual
comparisons were directly related to the TOE (see below).

Finally, as in Experiment 1, there was a strong corre
lation between the slopes of the individual-subject psycho
metric functions with the perceptual and remembered stan
dards (r = .608, F(1,34) = 19.91, P < .OOOIJ.

Stimulus location precision. Figure 6 shows that the
PSEs for the perceptual standards were virtually identical
to the actual standards, while those representing the re
membered standards were again highly variable. Further-
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more, the reduced discriminative sensitivity for the middle
CVC standard is also evident in the variability of the PSEs:
5 of 12 subjects provided PSEs outside the range of com
parison stimuli with the mid-range standard as compared
with 3 of 12 subjects with the short and long standards.

Also evident in Figure 6 is that only the mid-range stan
dard displays a pattern of PSE drift that is consistent with
the results reported in Experiment 1. Here, the PSEs are
evenly distributed for the short standard, show a nega
tive drift for the mid-range standard, but display a posi
tive drift tendency for the long standard. Importantly, this
latter result runs contrary to the predictions of the central
tendency view discussed in Experiment 1. Hence, when
taken together, the results of the present studies provide
very limited support for the notion of central tendency
for remembered magnitudes. Instead, it is likely that these
distributions simply reflect idiosyncratic differences (or
biases) in estimation of the standards.

Presentation-Qrder Analyses
Table 4 provides the TOE indices for comparison with

the three levels of perceptual and remembered standards. 6

The critical replication is that TOEs were not evident with
the remembered standards while negative TOEs occurred
for the successive perceptual comparisons. Note the es
pecially large TOE for the middle standard. Here, ac
curacy was 92.4% in the S-L order but only 54.5% in
the L-S order! Clearly, then, the nonmonotonicity in the
Weber fraction for the mid-range perceptual standard dis
cussed above was a direct result of this very large TOE.

In addition, note that the TOE for the short perceptual
standard is small compared with the one obtained in Ex
periment 1. However, this is a bit misleading. Three of
the 12 subjects displayed a large, positiveTOE with the
short standard. Without these subjects, the TOE index
jumps to - 7.1%. This is not to say that these subjects
were devious. On the contrary, they actually display the
classic result, known since Fechner (1860/1966), that
TOEs are predominantly positive for small magnitudes
and then reverse sign and become predominantly nega
tive as magnitudes increase (cf. Petrusic & Baranski,
1989b, Experiment 2).

A four-way ANOVA with standard type, standard
length, comparison stimulus, and presentation order (L-S,
S-L) as within-subject factors was used to evaluate the
effects of presentation order. The main effect of order
was reliable [F(1, 11) = 40.12, p < .0001], as were the
interactions between order and comparison stimulus
[F(1,ll) = 33.17, p < .0001] and order and standard
length [F(2,22) = 5.53, p < .03]. In addition, the three
way interaction between order, standard type, and standard
length was reliable [F(2,22) = 4.49, p < .05J, as was
the three-way interaction between order, standard length,
and comparison stimulus [F(6,66) = 3.01, p < .05]. The
critical interaction between standard type, comparison
stimulus, and order was highly reliable [F(3,33) = 7.03,
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p < .002], which confirmed the TOE for the successive
perceptual comparisons and their absence with memory
standards.

Comparisons involving identical pairs. As in Exper
iment I, performance on trials involving comparison of
the standard with itself was consistent with the global
effects of presentation order. For successive line-standard

comparisons, the second line was judged longer than the
first on 65.9% of the trials [X1(l,N = 575) = 58.24,
p < .01], with the largest difference (15.9%) occurring
with the medium-length standard where the TOE was the
largest, and the smallest difference (58.3%) occurring with
the short standard where the TOE was relatively small.
On the other hand, for standard-CVC and evC-standard



Table 4
TOE Index (%) for the Three Levels of Perceptual

and Remembered Standards in Experiment 2

Perceptual Remembered

Short -1.1 (-7.1*) -0.2
Medium -17.2 - 3.5
Long -9.3 +0.8

*TOE index excluding three subjects with positive TOEs.

comparisons, the second stimulus was judged the longer
on only 52.2% of the trials lx1(1 , N = 575) = 1.087,
P > .1].

TOEs and Weber's law. An analysis comparable to
the one provided in Experiment 1 between presentation
order and Weber's law is complicated by the fact that some
subjects displayed positive TOEs with some standards
while others showed negative TOEs with all standards.
However, when we remove the subjects with positive
TOEs, Weber's law again holds in the S-L presentation
order as it did in Experiment 1. In the L-S order, how
ever, theslope of the psychometric functions are shallowest
for the middle standard because that is where the largest
TOE was obtained. On the other hand, the psychometric
functions for the remembered comparisons are very similar
to those reported in Experiment 1; there is no effect of
presentation order, andthe clear violation of Weber's law
occurs with the long standard in both presentation orders.

Evidently, there are very few conditions under which
Weber's law can be studied for perceptual comparisons
of linear extent. The simultaneous viewing condition does
not provide a valid test because the task is akin to a visual
acuity task (Ono, 1967). The successive comparison con
dition, on the other hand, is vulnerable to the effects of
presentation order.
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Response-Time Analyses
Figure 7 plots the mean response time for each level

of perceptual and remembered standards for the two pre
sentation orders for the combined data in Experiment 2.
Comparisons involving the perceptual standards show a
clear replication of the TOE effect on response time
reported in Experiment 1. In addition, there was again
no evidence of a comparable TOE effect for comparisons
involving the remembered standards. However, the same
CYC-line versus line-CYC order effect reported in Ex
periment 1 is again evident; this time it is even greater
in magnitude. Here, response times in the line-CYC pre
sentation order are about the same as for the successive
perceptual comparisons and the difference between the
CYC-line and line-Cv'C orders is approximately
800 msec (2,149 msec vs. 1,334 msec)! The reason for
this enhanced effect is that, in this experiment, if a line
is presented first, then the subject knows that a CYC will
follow and also knows which CYC will follow. As in Ex
periment I, comparisons were slightly more accurate in
the CYC-line order than in the line-Cv'C order (71.6%
vs. 68.6%). Clearly, this effect is not due to a speed
accuracy tradeoff, because if it were, then accuracy would
have been drastically reduced in the present experiment.
Rather, it seems that the 3%-4% reduction in discrimina
tive accuracy in the line-CYC order, in bothexperiments,
is due to perceptual-memory decay of the line. Finally,
as in Experiment I, response times peak at the PSE for
each level of perceptual and remembered standards (see
Table 3) and decrease as the difference between the PSE
and comparison stimuli increases.

A four-way ANOYA paralleling the one reported in Ex
periment 1 was used to evaluate the results. Response
times were faster for comparisons involving the percep-
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tual standards [F(1,11) = 13.03, P < .005], depended
on the value of the comparison stimulus [F(3,33) = 6.18,
P < .005J, but did not depend on the length of the stan
dard (p > .1). Overall mean response times for the
short, medium, and long standards were 1,277, 1,319,
and 1,259 msec for the perceptual standards and 1,725,
1,803, and 1,696 msec for the CYC standards. The main
effect of order was reliable [F(1,l1) = 5.43, p < .05],
as were the interactions between standard type and order
[F(I,II) = 34.40, p < .0001] and comparison pair and
order [F(3,33) = 79.38, P < .0001]. The latter effects
were qualified by a highly reliable interaction between
type of standard, comparison stimulus, and presentation
order [F(3,33) = 66.53, P < .0001], which confirms the
TOE for line-line comparisons but the dependence of
line-CYC versus CYC-line order for comparisons involv
ing the remembered standards.

GENERAL DISCUSSION

The present studies demonstrated that people can per
form confusable relational judgments with symbolic rep
resentations of perceptual magnitudes. Although it is
tempting to assume that this necessarily implies a detailed,
analogue memory representation, it is important to first
consider an alternative view. For example, it is possible
to develop a plausible account of comparisons between
a line and CYC in the present task in the context of the
semantic-coding theory of Banks (1977; Banks et al.,
1982; see also Shoben, Cech, Schwanenflugel, & Sailor,
1989, for a similar view). The semantic-coding theory
postulates that the presentation of a CYC generates a dis
crete, categorical semantic code (e.g., "long"). We can
refer to codes generated at this level as superordinate
semantic codes. Comparison between a CYC and a line
requires the generation of a categorical semantic code for
the line (e.g., "long") to permit comparison in a com
mon format (see Banks et al., 1982). Since this level of
semantic coding will be insufficient to perform the com
parison, a secondary, subordinate categorical code must
be generated (e.g., "short" or "long"). To obtain
psychometric functions with non-zero slope, then, the sub
ject requires only very general hypotheses about the
lengths of the standards and a process of hierarchical,
probabilistic, binary categorization of the comparison lines
within each subrange.

For example, as the subject becomes aware of the vari
able stimuli within each subrange, one of these variable
stimuli is arbitrarily selected as the "standard." Each vari
able stimulus is then categorized as "longer" or
••shorter, " relative to the corresponding ., standard. " Of
course, according to the semantic-coding theory, the cat
egorization process is probabilistic depending on how well
the variable stimuli can be ordered.

According to this extended semantic-coding view, the
observed response-time difference between the line-Cv'C
and CYC-line presentation orders arises not as a conse
quence of a retrieval time advantage in the line-CYC

order but because the categorization process for the line
can be initiated sooner in that order. Finally, this semantic
coding approach can also account for the observed vio
lation of Weber's law for comparisons with CYC stan
dards. Specifically, since the absolute stimulus difference
between comparison lines increases as the length of the
standard increases (i.e., .32,3, and 6 mm), it can be as
sumed that probabilistic identification of these compari
son lines, and thus subsequent categorical semantic cod
ing of these lines, will be more accurate as the length of
the standard increases. Herein lies the downfall of this
model, however, because such a view must predict that
discriminability will be higher for the middle standard
than for the short standard since the spacing of the com
parison lines is increased. On the other hand, the present
experiments showed that there is a marked reduction in
discriminability for comparisons with the middle CYC
standard. Hence, even under very general assumptions,
a discrete semantic-coding approach is insufficient for the
present data.

The semantic-coding theory also proves insufficient as
a general model of the comparison process because it was
not designed to be a model for perceptual-comparison
data. Given the many similar properties of the compari
son process with perceptual and remembered/symbolic
magnitudes (e.g., distance effects, semantic congruity ef
fects; see Petrusic & Baranski, 1989a, 1989b, 1992), it
is more parsimonious to assume a more general model
of the comparison process that subsumes an analogue Scale
representation and accounts for the full range of percep
tualand symbolic comparison data (e.g., Birnbaum & Jou,
1990; Holyoak, 1978; Link, 1990; Petrusic, in press).

Positional Effects in Symbolic Comparisons
In both experiments, the mid-range CYC standard dis

played reduced discriminative sensitivity (i.e., inflated
Weber fractions) and reduced location precision (i.e.,
variable PSEs). We believe that this result provides a new
and revealing characterization of the serial-position ef
feet in symbolic comparisons.

The term "serial-position effect" has been used in sev
eral distinct areas of experimental psychology; in each
case denoting a specific performance deficit observed for
central items in a set of ordered stimuli. Perhaps the best
known use of the term is in the context of the classic serial
list-learning tasks (see Johnson, 1991, for a recent review
of the properties of serial-list learning). However, the term
"serial-position effect" has also been used to denote
poorer performance for central items in psychophysical
tasks requiring judgments of positional order (Holyoak
& Patterson, 1981) and stimulus identification (see Vickers,
1979, for a review, and see Marley & Cook, 1984, who
refer to it as an end anchor effect).

In the context of symbolic comparison, the term "serial
position effect" has been used to characterize an inverted
"U" or "bowed" response-time relation, suggesting that
pairs near the ends of the continuum are compared faster
than are those toward the middle of the range (see Banks,



1977; Banks, White, & Mermelstein, 1980; Holyoak &
Patterson, 1981; Moyer & Dumais, 1978; and Shoben
et al., 1989, for reviews of serial-position effects in sym
bolic comparisons, and see Birnbaum & Jou, 1990, who
refer to it as an end effect). Moreover, the serial-position
effect has been observed only for the response-time mea
sure because comparisons are made between remembered
items and thus must necessarily be supraliminal. Because
comparisons are made between remembered items, the
serial-position effect in symbolic comparison tasks is often
unavoidably confounded by distance effects. For exam
ple, in the simple case of three remembered magnitudes,
the end magnitudes are compared half of the time with
an item one ordinal step away and half of the time with
the item two ordinal steps away. On the other hand, the
middle item is always compared with an item one ordinal
step away. In contrast, each symbolic comparison in the
present task involves a highly distinctive remembered
magnitude, and because comparisons between standards
are not required, there are no comparable distance effects
operating. Rather, the serial-position effect obtained with
the Weber fraction in the present studies implies a reduc
tion in discriminability for the middle CYC standard, un
confounded by distance effects.

One view of the serial-position effect in symbolic com
parison that is consistent with the present findings is the
positional discriminability model of Holyoak and Patter
son (1981). According to this model, the subjective mag
nitude of a stimulus is represented by a distribution of
analogue position codes along a continuum with finite
mean andvariance. The serial-position effect is predicted
because the distribution of positional codes will overlap
more for mid-range items than for end items; that is, mid
dle items will be less distinctive (Murdock, 1960). A fur
ther assumption made by Holyoak and Patterson, one that
is particularly relevant to the present data, is that mid
range remembered magnitudes possess greater variance
in the distribution of positional codes (p. 1298). That is,
the quality of the representation is reduced, and there is
greater positional uncertainty about the true remembered
magnitude. According to this view, then, the positional
effect obtained in the present studies (i.e., inflated Weber
fractions and more variable PSEs for the middle CYC
standard) is a consequence of the mid-range comparison
lines being compared with a "noisier" memory repre
sentation. Indeed, the present findings provide direct sup
port for this assumption since, given the very wide spac
ing between the memory standards in the present task,
it is unlikely that errors occurred because of retrieval
difficulties or comparisons with an inappropriate standard.

The basis for the greater positional variance for mid
range remembered magnitudes can be understood in the
context of Johnson's (1991) distinctiveness model of serial
learning. According to this view, the relative distinctive
ness of each item in a memory set is determined by two
factors. The first, following Murdock (1960), is a dis
tinctiveness measure, proportional to the distance between
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a particular stimulus and the geometric mean, or adapta
tion level (Helson, 1947, 1964), of all stimuli in themem
ory set. The second factor depends on the strength and
number of forward and backward associations between
each item in the set, where the strength between any two
items is inversely proportional to the distance between the
items and the amount of learning.

An important prediction of this view is that factors that
influence perfonnance in serial-list-learning tasks will also
influence discriminative performance with remembered
standards in the present paradigm. Such factors include
the number of standards, their relative spacing, and the
number of learning trials provided. As previously men
tioned, the ineffectiveness of the differential-learning ma
nipulation employed in Experiment 1 was most likely a
consequence of a ceiling effect. Specifically, including
trials to criterion, the "underlearning" group had 800%
overlearning with a small and widely spaced stimulus set.
Indeed, the effects of learning might become especially
evident when more standards are introduced or when the
spacing between standards is not as wide as was the case
in the present studies.

Finally, it is important to note that the above predic
tions are consistent with the assumption of an analogue
memory representation. Conversely, it is not at all clear
as to why factors such as the spacing of the memory stan
dards, the number of standards, and the amount of learn
ing should influence discriminative performance in the
context of an ordinal, semantic-eoding approach to com
parisons between a line and a CYC in the present task.
Hence, future studies with the present paradigm will most
likely provide informative evaluations of these two gen
eral views of symbolic comparison.

The Absence of TOEs with Symbolic Magnitudes
As mentioned at the outset, several accounts of theTOE

view the effect in terms of a perceptual-memory phenom
enon (e.g., Hellstrom, 1985; Jamieson & Petrusic, 1975a,
1975c) and, as such, the present findings provide support
for these views. On the other hand, the failure to obtain
TOEs with symbolic magnitudes is inconsistent with
models that conceptualize the effect in terms of central
decisional-eriterion biases (Allan, 1979; Luce & Galanter,
1963) or peripheral-response biases (Engen, 1971); other
wise TOEs would have been evident for all types of com
parisons in thepresent studies. More generally, the failure
to obtain TOEs with symbolic magnitudes suggests that
the representations of perceived and remembered stimuli
differ at some point in the information-processing stream.

To compare a memory with a percept requires an in
terface at some point (i.e., a common or highly similar
representational format). Moreover, this interface must
be, at the latest, at thedecision/comparison stage because,
as mentioned above, comparisons involving a perceived
and a remembered stimulus exhibit the same properties
of the comparison process as when two symbolic or two
perceptual magnitudes are compared. In addition, we also
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know that TOEs are not necessarily a propertyof the com
parison process because they have also been observed in
tasks that do not require comparison or discrimination.
For example, TOEs are clearly evident in tasks involv
ing the reproduction of stimulus duration intervals (e.g. ,
Eisler, 1975; Jamieson & Petrusic, 1975b; Petrusic, 1984;
Schab & Crowder, 1988).

Taken together, these results implicate a predecisional
locus for the TOE. Specifically, in line with Hellstrom's
(1985) differential-sensation weighting theory, it seems
that the TOE is a consequence of the pairing of succes
sive perceptual stimuli, which, depending on stimulus
magnitude and lSI, leads to the subsequent comparison
of perceptual-memory representations that have either
been diminished (assimilation) or accentuated (contrast).
IfTOEs do not occur with symbolic representations, then
these representations must either exist, predecisionally,
in a format that is not subject to sensation weighting or
else enter into the information-processingstream, in a sim
ilar format, at some point after sensation weighting has
taken place. In either case, it seems that a remembered
magnitude does not exhibit the full range of functionally
equivalent perceptual-like properties.

It is important to note that this view follows from the
assumption of successive stimulus presentation in the
present task. Conversely, it could be argued that TOEs
were not evident with CYC standards because those com
parisons were simply not successive. For example, in the
CYC-line order, subjects might retrieve the appropriate
magnitude and then compare it with the physically present
line. Similarly, the faster response times in the line-CYC
order suggest that retrieval of the standard is taking place
while the line is still available.

However, although response times were relatively fast
in the line-CYC order, they were not faster than the line
line comparisons. The line-CYC comparisons would have
to be considerably faster than the line-line comparisons
before we could assert that the latter were completed be
fore the removal of the line. Since line-CYC comparisons
took much longer than line-line comparisons in Experi
ment 1 and were not faster than the line-line comparisons
in Experiment 2, despite a 500-msec response-time advan
tage during the lSI, the possibility is unlikely. In addi
tion, we also know that comparisons in the line-CYC
order were less accurate than in the CYC-line order
(3%-4%), which indicates that the line is indeed under
going perceptual-memory decay before the completion of
the comparison. Hence, although it is possible that com
parisons in the CYC-line order were simultaneous, there
is evidence for successive comparison in the line-CYC
order but no evidence of a TOE in that order.

In conclusion, if the symbolic comparisons in the
present experiments were simultaneous, then Woodworth
(1938) may still be correct in his conjecture after all. On
the other hand, if the comparisons were indeed succes
sive, then the effect of stimulus presentation order-one
of the oldest problems in psychology-provides an im-

portant locus and criterion by which perception andmem
ory can be distinguished.
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NOTES

I. The confidence data were obtained for a different purpose and are
not reported here but are available through correspondence.

2. To obtainmore reliable estimates of performance for the ANOVA,
the four comparison pairs, with values not equal to the standard, were
collapsed into two. Thus, the two pairs with complIrisonvalues less than
the standard and the two pairs with comparison values greater than the
standard were combined. In addition, p values for all analyses reported
in this paper are with the Greenhouse-Geisser epsilon adjusted degrees
of freedom. However, degrees of freedom reported in the text are
not adjusted.

3. One possibility is that the additional learning trialsactually increased
the sensitivity of the comparison process for the perceptual stimuli. in
deed, there is evidence for an acquired distinctiveness with repeated
exposure to perceptual stimuli, and the interested reader is referred to
Hulse, Deese, and Egeth (1975, Chap. 8) for a review of this literature.

4. We omit points on the psychometric function for comparisons of
the standard with itself because there is 110 "variable" stimulus in the
successive line condition (i.e., unless p(c) = .5, the data points are am-
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biguous). Rather, the PSE is derived directly from the psychometric
function (see Bock & Jones, 1968, pp. 30-33). A summary of perfor
mance for comparisons involving identical pairs is provided later in the
Results section under the heading "Presentation-Order Analyses."

5. In 6 of 120 instances,subjectsdisplayednear-zeroor slightly nega
tive slopes to their psychometric functions (i.e., no discriminative sen
sitivity). All 6 were for comparisons with remembered standards, and
5 of the 6 instancesoccurred with the middle standard, again illustrat
ing the reduced discriminability for that standard. Importantly, when
the slope of the psychometric function is near zero or negative, PSEs,
JNDs, and Weber fractions cannot be computed. For this reason, the
statistical test for discriminative sensitivity was conducted directly on
the slopes of the individual-subjectpsychometric functions. This anal
ysis is appropriatebecause the JND and Weber fractiondepend directly
on the slope of the psychometric function.

Let z = a-s-bx, denote the z score psychometric function, where a
is the intercept, b is the slope, and X, is the effect-codedvariable stimu
lus (-2, -I, 0, I, 2). Let X, = S(1+cx,) be a linear transformation
equation relatingthe effect-codedequationto one representingthe phys-

ical stimulus values, where S is the standard and c is a conversion con
stant (e = .03 in the present case). Since x, = (x, -S )/Se, it can be
shown that the upper limen (UL) = Sclb(.675-a+ble) and that the
lower limen (LL) = Sclb( -.675-a+ble). Since JND = (UL-LL)/2,
it follows thatJND = (.675)(S )(e)lbandtheWeber fraction = (.675)(e)lb.
Thus, the Weber fraction is inverselyrelated to the slope, and constancy
of slopes is required for the strong form of Weber's law to hold.

Finally,whencalculatingindividual-subject z score psychometric func
tions, we corrected probabilitiesequal to 0 and 1.0 according to Berkson
(1953),whosemethod is recommended by Bockand Jones (1968, p. 21).

6. Both here and in the first experiment, TOE direction was consis
tent over the two instructions (longer, shorter). This replicates previous
research in the context of duration discrimination(Jamieson& Petrusic,
1975a, 1975c; Petrusic, 1984)and confirms that TOEs are not a result
of peripheral response biases; otherwise the TOE would reverse with
instructions.
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