mutagenicity of fractions of used crank-
case oil activated by rat or trout liver ex-
tracts.

We first employed an Ames tester
strain with fish extracts to see whether
BP could be activated (10, 11). To check
for BP activation, liver fractions were
prepared from laboratory-reared rain-
bow trout (Salmo gairdnerii). Liver (2 to
3 g) was homogenized by hand in a 7-ml
all-glass tissue grinder with 6 to 8 ml of
buffer (0.05M tris-chloride and 0.25M su-
crose, pH 7.5). Homogenates were cen-
trifuged for 10 minutes at 9000g and the
supernatants were frozen at —70°C. Pre-
liminary experiments demonstrated that
the number of revertant colonies pro-
duced was dependent on the level of
AHH activity in the 9000g fractions. No
attempt was made, however, to critically
quantitate the number of revertant colo-
nies produced with BP over a range of
AHH activities. The results compared
favorably with those obtained with 3-
methylcholanthrene-induced rat micro-
somes.

Further work was. carried out with
PAH-enriched fractioris from various
crude oils and from fised and unused
crankcase oils activated with rat or fish
extracts. Sprague-Dawley rats were
used; liver fractions were prepared as for
fish. Petroleum samples were made
available by the American Petroleum In-
stitute and included Venezuelan bunker,
Kuwait crude, Louisiana crude, and a
No. 2 fuel oil. The virgin crankcase oils
included Texaco; Esso; Gulf, Irving, and
Veedol brands:' Used crankcase oil was
obtained locally. Irradiated samples of
the crude oils were also checked, since
environmental w€athering may produce
toxic photooxidation products. Equal
volumes of dimethyl sulfoxide (DMSO)
and oil were mixed. After centrifugation,
the DMSO layer was remixed and re-
centrifuged. This gave an effective emul-
sion-free extract. The DMSO served as
both a good extractant for PAH and a ve-
hicle for the introduction of chemicals to
tester strains. A 100-ul portion of hydro-
carbon extract was used in each study.
Positive results were obtained only with
used crankcase oils (Table 1), and it ap-
pears that compounds other than BP or
BA are the major mutagenic sources.
Mutagenesis was increased in extracts
from fish exposed to petroleum for 3 to 4
days (12).

This work establishes that fish can
produce mutagenic metabolites from
PAH and that used crankcase oils, which
are released into the terrestrial and
aquatic environment in considerable
quantities (13), may represent a consid-
erable mutagenic threat. At present, it
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appears that control over crankcase oil
disposal is minimal and difficult to regu-
late (14). Benzopyrene and benzanthra-
cene, which are produced in automobile
engines (15), appear not to be the major
mutagenic components. Previous work
in this laboratory (/6) demonstrated that
fish taken from environmental sites with
a history of oil contamination had ele-
vated AHH levels. In some mammalian
systems there is a relationship between
AHH activity and susceptibility to hy-
drocarbon-induced cancers (I7). The
public health hazard of crankcase oil, es-
pecially from occupational exposures
and dirt road oiling, should also be reas-
sessed.

JERRY F. PAYNE
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Psychophysical Functions for Perceived and Remembered Size

Abstract. Separate groups of people estimated the sizes of perceived or of remem-
bered objects. In three independent experiments, both sets of data were well fit by
power functions, and the exponent was reliably smaller for remembered than for

perceived size.

Gustav Fechner (1801-1887) attempt-
ed to characterize the functional rela-
tionship between the psychological and
the physical world and called this enter-
prise psychophysics. Although Fechner
studied only the ‘‘lower mental activi-
ties’” such as sensation, his conception
of psychophysics included the ‘‘higher
mental processes’’ as well, but he left for
the future this exploration and the meth-
ods it might employ (/). Modern appli-
cations of signal detection theory (2),
multidimensional scaling (3, 4), and reac-
tion time (5) have revealed intriguing
commonalities between perceptual and
memorial processes. For example, some

0036-8075/78/0421-0330$00.50/0 Copyright © 1978 AAAS

evidence (3, 4) suggests that a ‘‘second-
order isomorphism’’ holds between ob-
jects and their (perceptual or memorial)
internal representations, in that the
structural relations among objects are
mirrored by the corresponding function-
al relations among their internal repre-
sentations. These perceptual-memorial
similarities indicate that remembered
stimuli may map onto physical values in
the same way perceived stimuli do, but a
sensitive comparison of perceptual and
memorial psychophysical functions has
not been reported (6).

We have used magnitude estimation, a
direct scaling technique popularized by
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Fig. 1. Apparent magnitude (geometric mean of the magnitude estimates) as a function of relative physical magnitude of the object judged. Best-
fitting lines and the corresponding slopes are indicated for the perceptual (filled circles) and memorial (open circles) data. (A) Experiment 1,
judged length; (B) experiment 2, judged area; and (C) experiment 3, judged volume.

Stevens (7), to determine the psycho-
physical functions for both remembered
and perceived size. We now report that
for one-, two- and three-dimensional ob-
jects, power functions fit to the memory
data have consistently smaller exponents
than power functions fit to the perceptual
data.

For experiment 1 we selected a simple
task that let us control the observer’s ex-
perience with the stimuli he judged. Sub-
jects were individually tested on two
consecutive days. On day 1, 20 under-
graduates learned names for five visual
stimuli differing only in length (8). Black
lines 0.2 cm wide and 0.4, 2, 4, 8, and 20
cm long were rear-projected on a milk-
glass screen 45 cm from the subject,
whose head was positioned in a chin
rest. On study trials the experimenter
called out the appropriate name (BUP,
LEQ, VAF, YEM, or ZID) as each line
was exposed, and on test trials the sub-
ject supplied the name as each line was
projected (9). The order of presentation
was random, and blocks of 15 study tri-
als alternated with blocks of 15 test trials

until the subject completed one 15-trial .
test block without error. Study trials

were then discontinued, and each sub-
ject was trained to a 300 percent over-
learning criterion (/0). The session took
approximately 25 minutes per person.
After 24 hours, the subjects returned
and made magnitude estimates of the
stimuli. Ten subjects were randomly as-
signed to a perceptual (P) and ten to a
memorial (M) condition. The P group
was given standard magnitude estima-
tion instructions that specified no modu-
lus [a reference stimulus to which an ar-
bitrary value is assigned (/1)], and these
observers then assigned a number to
each stimulus as the experimenter pre-
sented and named the five lines in a ran-
dom order. The M group received identi-
cal instructions, except that they were
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told to imagine, rather than view, the line
projected on the screen in front of them.
Each observer assigned a number to
each ‘“‘imagined” stimulus as the names
were called out in a random order.

The geometric means of the magnitude
estimates were plotted as a function of
relative line length for both groups (Fig.
1A). Since the data appear on log-log
coordinates, the slope of the straight line
(fit by least squares) may be taken as the
exponent of the power function relating
apparent length to the objective physical
metric. In both cases a power function
describes the data well, accounting for
more than 99.5 percent of the variation,
but the M slope is reliably shallower
than the P slope (r = 4.355, d.f. =9,
P < .002) (12).

In experiment 2, we tried to broaden
the scope of our inquiry by using items
with which our subjects were already fa-
miliar—the states of the Union (I3).
Twenty-six undergraduates were ran-
domly assigned to conditions P and M
(N = 13 in each case) and tested individ-
ually for one session only. All observers
were first given standard magnitude esti-
mation instructions specifying no modu-
lus.

Next, magnitude estimates were re-
quested as the names of the states were
read in a random order. Subjects in the P
group were told to judge the apparent
area of a black outline tracing of each of
the 48 contiguous states as it was rear-
projected on a screen 50.5 cm in front of
them (/4). Subjects in the M group were
instructed to project a vivid image of
each state on the same (blank) screen,
and to judge its apparent area.

Again, the magnitude estimates as a
function of the relative area of the phys-
ical stimuli (Fig. 1B) are well fit by power
functions, and the M slope is reliably
smaller than the P slope (& = 8.14,
d.f. =92, P < .001) (I5). Although the

M data are slightly noisier than the P
data (2 = .934 and .982, respectively),
applying a statistical correction for this
small regression effect did not sub-
stantially diminish the reliable difference
between the slopes (I6).

In experiment 3 (I7), we used items
that were not only familiar to our sub-
jects, but which had probably been ma-
nipulated on numerous previous occa-
sions. We hoped to tap memories de-
rived from a degree of intimacy hardly
possible with the stimuli used in the pre-
vious experiments. The following spheri-
cal objects served as stimuli: BB, pea,
marble, Ping-Pong ball, tennis ball, soft-
ball, volleyball, basketball, and beach
ball (I8). Seventeen undergraduates
were randomly assigned to either condi-
tion P (N =9) or M (N = 8) and tested
in separate groups by the same experi-
menters. The names of the objects were
read in a random order and followed by
magnitude estimation instructions that
specified no modulus. Both groups of
subjects then estimated the magnitudes
of the apparent volumes of the objects as
the names were read in a new random or-
der. In the P condition, the objects were
displayed at a distance of roughly 1 m as
each object was named (/9).

The data for both groups are well fit by
power functions, and the best-fitting line
is reliably shallower for the M than for
the P group (Fig. 1C) (¢ = 8.065,
d.f. = 14, P < .001) (20). This difference
can hardly be attributed to a statistical
regression effect, as the best-fitting lines
account for more than 99 percent of the
variance in the data points.

In these three independent experi-
ments, the exponents of memory psy-
chophysical functions are consistently
smaller than the exponents of perceptual
psychophysical functions. The obseryed
difference is not an artifact of regression
to the mean resulting from a poorer cor-
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relation between the X and Y variables in
memory than in perception, because in
experiments 1 and 3, the M correlations
are no lower than the P correlations, and
correcting for the small statistical regres-
sion effect in experiment 2 does not elim-
inate the slope difference. Nor is the P-M
difference a spurious product of averag-
ing over subjects, since analyses that
first generate exponents for individual
observers yield similar results (21).

The attenuated memory exponent may
mean that memory is characteristically
more compressive than perception be-
cause of response bias or trace migration
(22). Alternatively, perception and mem-
ory may perform identical power trans-
forms on the input data; the exponents
may differ because the memory transfor-
mation is applied to the products of the
perceptual transformation rather than to
the original values. Thus memory is not
necessarily more compressive than per-
ception; it is whatever results from ap-
plying the perceptual transform a second
time. If the perceptual psychophysical
function is expansive, the memory ex-
ponent ought to be potentiated rather
than attenuated; if perception does not
transform the input at all (an exponent of
1), then neither should memory. Empiri-
cally deciding between these two classes
of explanation should be easy.

ROBERT S. MOYER
DRAKE R. BRADLEY
MARK H. SORENSEN
JoHN C. WHITING
DAvID P. MANSFIELD
Department of Psychology,
Bates College, Lewiston, Maine 04240
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