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The detectability of intensity increments in the presence of
continuous and pulsed backgrounds was investigated using a
two-alternative, temporal, forced-choice procedure. Differences
were found in intensity-duration reciprocity relations, the form of
the Weber function, and the shape of the psychometric function
between continuous- and pulsed-detection conditions. In a second
study, signals were added either to a steady background (simple
detection) or to background plus pedestal (pedestal detection).
Two unusual phenomena were noted, namely, "negative masking"
and the "pedestal effect." The interpretation of the results in
terms ofa simple, Poisson-detection model is discussed.

To account for the results of visual increment-detection
experiments, several probabilistic models have been proposed.
Examples of the quanto-statistical approach to intensity dis
crimination can be found in the older papers of deVries (1943),
Rose (1948), Mueller (1950), and Barlow (1957), and in the more
recent treatments offered by Bouman (1961), Treisman (1966),
and McGill (1965). All of these formulations can be categorized as
"stimulus-oriented" inasmuch as they assume that the dis
tributions of sensory effect underlying discriminability are
determined to a large extent, if not exclusively, by the Poisson
statistics that describe fluctuations of light quantum emission.
This type of theorizing is formally analagous to ideal-observer
theory which has frequently been advanced to explain detection
of auditory signals (Green & Swets, 1966).

A review of the literature reveals that while Poisson-detection
schemes in vision have not enjoyed the great success optimum
detection models have had in hearing, they have, nevertheless,
been able to account for some basic psychophysical relations. The
form of the Weber function, spatial summation, and temporal
integration are areas in which application of the model has proved
helpful (Barlow, 1957).

Although the Poisson scheme does not deal specifically with the
two-alternative, temporal, forced-choice procedure, the approach
can easily be generalized to include the forced-choice situation.
Suppose that an increment is added to a steady background
illumination in one of two nonoverlapping temporal intervals.
During each observation period, which coincides with the signal's
duration, it is assumed that the viewer samples a test statistic, n,
and chooses as the signal interval the interval yielding the greater
value. Usually the larger statistic will be drawn from the
signal-plus-background distribution, but, since all values of n have
a finite probability under either hypothesis, there will be instances
when the greater n will be sampled from the background-alone
distribution. On these trials an incorrect decision occurs.

A basic requirement, then, for application of the signal
detection analysis is that the observer draws samples of sensory
information in a similar fashion on both signal and nonsignal
intervals. Moreover, in computing n, it is assumed that the
observer summates sensory information only over the area and
duration of the increment. That is to say, the S knows the
sampling area and the observation interval exactly. It seems
reasonable to conclude, therefore, that if detection theory is to
serve as the model against which we wish to examine the
performance of the real observer, it is essential that the experi
mental procedure be modified so that the observations are
synchronized with the signal presentations. Classical increment
detection experiments, in which small, brief flashes are super
imposed on large continuous backgrounds during observation
intervals delineated by tone pulses, hardly seem adequate to
ensure that the viewer's sampling interval closely corresponds with
the actual increment duration.

The aim of the present work is to study visual detection under
conditions that more nearly satisfy the assumptions of detection
theory. In an' effort to control the S's observation period and
sampling area, pedestal and pulsed-flash paradigms were employed.
Experimental evidence is presented in order to assess whether
psychophysical relations are a function of mode of masker
presentation. In addition, conclusions are drawn concerning the
adequacy of Poisson-detection schemes as models of the human
visual system.

EXPERIMENT 1
In Experiment I, the detectability of increments added either

to pulsed flashes (pulsed detection) or to continuous maskers
(simple detection) was investigated using a two-alternative,
temporal, forced-choice paradigm (2ATFC). The percentage of
correct responses, P(c), was measured as a function of increment
luminance for several levels of masker and stimulus duration.

Method
Apparatus. The light source was a glow modulator tube

(Sylvania R 1131C) mounted behind a ground glass plate which
acted as a diffusing surface. The visual target was produced by
masking off all of the ground glass plate except for a l-cm circular
aperture placed at the center of the plate. The l-cm target was
viewed monocularly through a 1.5 mm artificial pupil placed 55
em from the target and subtended a visual angle of I deg, Head
position was controlled by employing a chin rest. The glow tube
was bathed in ultraviolet light to reduce stimulus-onset jitter.

The target was surrounded by a ring .75 em wide and 6.3 cm in
outer diameter. The ring served as a fixation device for the target
and was illuminated from behind the S's head by a source whose
intensity was adjusted so that after 5 min of dark adaptation the
fixation ring was just visible to the S. Except for this dimly
illuminated ring, the testing cubicle was completely darkened.
The glow modulator tube was connected into the plate circuit
of a triode-connected 6L6. A 2.7 megohm resistance
was connected across the glow lamp to yield optimum
switching action. In order to produce rectangular flashes,
positive pulses of adjustable duration were generated by a
Tektronix 162 waveform generator and delivered to the grid of the
6L6. The output of the waveform generator was split and
delivered to two channels-one for I, the other for tol. Each
channel contained potentiometers for level setting and operational
amplifiers (Philbrick K2W) for isolation. Pulses for I and toI were
mixed and then delivered to the 6L6 driver.

Luminance measurements were made at the ground glass target
with a calibrated vacuum phototube (RCA 934) and photopic
correction filter (Kodak Wratten filter 106). The highest back
ground level employed was 2.3 log mL. In the simple-detection
situation, the continuous background was produced by leaving the
6L6 in a state of constant conduction. For the pulsed condition,
the 6L6 was biased beyond cut-off, and standard flashes were
produced by overriding the bias on the triode. The current
through the 6L6 required to produce 2.3 log mL was approxi
mately 40 rnA. Lower levels of luminance were produced by
insertion of Kodak neutral density filters between the glow tube
and the ground glass plate. Incremental-flash intensity was
controlled by varying the amplitude of the positive pulse in the tol
channel by adjusting a voltage divider. The rise and decay time of
the light flash was approximately 10 jlsec.

Luminance levels were monitored after each IS-min session. For
all conditions, it was found that the luminance levelsvaried over a
range of 0.08 log units. However, the levels of I and of toI were
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pulsed-detection situation remained dark adapted throughout the
session, observers in simple detection were allowed to become
fully adapted to the background before presentation of the
incremental flash.

Except for the type of masker-that is, continuous versus
pulsed-all experimental procedures and stimulus displays em
ployed in the two detection tasks were identical. The signal was
presented in either the first or second temporal interval of the
forced-choice trial according to a random order. The S, who was
dark adapted for a minimum of 10 min before testing began,
selected the interval which contained the signal by pressing one or
the other of two microswitch buttons and was immediately given
knowledge of results.

In each IS-min session 50 trials were administered. A total of at
least 200 observations were required to define a single value of
P(c), and from two to seven points were used to determine the
shape and location of each psychometric function.

Subjects. Two of the authors (B.L. and H.T.) served as Ss.

Results
Data presented in Figs. 2 and 3 are representative of the results

obtained in Experiment I. Percentage of correct responses is
plotted as a function of log (61/1) for several combinations of
stimulus duration and masker level for pulsed- and simple
detection conditions. Abscissa values have been scaled so that the.
midpoint (P(c) = 75%) of the psychometric function for each
condition corresponds to log (61/1) =O. That is, a constant has

Fig. 3. Psychometric functions for Observer H.T. See legend of Fig. 2.
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Fig. 2. Psychometric functions for simple- and puIsed-detection experi
ments. The percentage of correct responses in the 2ATFC task is plotted
against log (MIl). These functions were obtained at several durations and
levels of masker, as indicated. by pairsof numbers which give signaJ duration
(msec) first, and background luminance Oog mL) second. The abscissa is
scaled so that log (61/1)= 0 corresponds to p(c) = 75%. The solid curves are
the equation d' ='c(61/1)k, where c represents an adjustment for experimental
condition, and where k is equal to 2.0 and 0.75 for continuous and pulsed
detection respectively. Each data point represents at least 200 observations
from Observer B.L.

Fig. I. Temporal sequence of stimuli within a two-alternative, temporal,
forced-choice trial for the three experimental conditions. A signal, 61,
occurred in either the fll'st or the second interval according to a random
order.

found to drift together so that the predetermined values of 61/1
were maintained.

Procedures. Preliminary experiment. It has been reported that
the spectral energy distribution of light flashes derived from the
glow modulator tube varies with current through the tube
(Buchmann-Olsen & Rosenflack , 1957). To determine whether
such variations in the spectral distribution of irradiance
accompanying the changes in current required to produce visible
increments were observable, a preliminary experiment was con
ducted.

On each trial two 32 msec flashes (2.0 log mL) were presented.
On one-half of the 300 test trials the pair of flashes was produced
by driving the glow tube with identical rectangular current pulses
("" 40 mA). For the remaining trials, two unequal current pulses
were generated so that one member of the pair of flashes measured
2.5 log ml., and the other 2.0 log mL. The more intense flash,
which appeared randomly in either the first or second observation
interval, was attenuated by inserting a 0.5 log unit neutral Wratten
filter (106). The task of the S was to determine whether the pair
of equal-luminance flashes was "the same" or "different."

The results indicated that for both Ss the probability of a
correct response did not differ significantly from chance (p =0.5).
In view of the fact that any color changes that may have occurred
in the main experiments were phenomenally undetectable, we can
conclude that alterations in the spectral characteristics of the light
source probably had a negligible effect on the detectability data,
and, can, therefore, be ignored.

Main experiment. Figure I shows schematically the temporal
sequence of stimulus events. Each trial in the pulsed-detection
condition began with a warning click delivered to a loudspeaker.
Two additional clicks spaced 0.8 sec apart occurred 0.8 sec after
the start of the trial, and accompanied the masking flashes. Pulsed
simultaneously with one or the other of the flashes was an
increment whose area and duration were the same as those of the
standard. The observer's task was to determine which of the two
flashes had been increased in intensity. Trials were spaced 6 sec
apart.

In the simple-detection procedure, the steadily-illuminated
background was briefly increased in luminance over its entire area
during T I or T2' We note that whereas the viewer in the
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EXPERIMENT 2
In Experiment 2 two studies were conducted using a pedestal

detection paradigm. In addition to a steady background, a pulsed
flash (pedestal), whose duration and area were the same as those
of the signal to be detected, was presented in each observation
interval. And as was the case in simple detection, the signal
covered the same area as the background (see Fig. I).
The S's task was to identify on which pedestal the signal
was placed.

BL

Results 1
Psychometric functions obtained for simple and pedestal

conditions shown in Figs. 11 and 12 reveal two unusual
phenomena: (1) the pedestal effect-that is, the change in range of
the psychometric function from 0.6 log units in the no-pedestal or
simple condition to more than 1.0 log units when the signal to be
detected is an increment added to a pedestal in the presence of an
ongoing masker; (2) negative masking, the term used to describe
the result wherein Ss can more easily detect a signal added to
pedestal-plus-background than when added to background alone.

2:.0.----------------------,

Method 1
In the first study incremental flashes were added to -1.7-log-mL

pedestals in the presence of a -1.7-log-mL background, and the
proportion of correct responses was measured as a function of
signal intensity using a 2ATFC procedure.

Fig. S. Constant delectability contours for Observer H.T. See legend of
Fig. 4.

functions reported by Cornsweet and Pinsker 0965) were
obtained in the present study. For pulsed detection, we observe a
small departure from a constant Weber fraction at low luminance
levels. Contrast this result with the classical Weber function found
in simple detection, where t.1/1 displays a marked increase as the
background illumination is made weaker (Herrick, 1956).

Replotting the masking relations appearing in Figs. 7 and 8 in
terms of log t.1 and log I permits several interesting observations
(see Figs. 9 and 10). On the one hand, a linear relationship
between t.1 and I obtains in the pulsed case throughout almost the
entire range of I; on the other hand, simple detection gives rise to
a function that is more nearly described by a square root law of
the form: t.1 =KIV.. We note that the function for simple
detection intersects both curves for the pulsed case. At high
masking luminances, signals are more easily detected in the
presence of continuous maskers than when added to gated flashes.
The reverse is true at low levels. Apparently, then, the relative
masking effectiveness of continuous and pulsed backgrounds is
level-dependent.
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been added to the scale of log (ll1/l) so that all psychometric
functions intersect at the midpoint.

Inspection of Figs. 2 and 3 reveals that all of the data are
adequately fit by psychometric functions (smooth curves) given
by the relation

LS

1.0

HT

d' =~(t.I/I)k,
where the constant, c, is a measure of the amount of masking, and
k provides an index of the steepness of the psychometric
function.' As can be seen from the data, the slope of the
psychometric function for the pulsed case is significantly less than
that observed in simple detection. To cover the range of valuesof
P(c) more than a 1.0 log unit change in signal intensity is required
for pulsed detection. For simple detection, the range is approxi
mately 0.6 log units.

Differences in the shape of the function are reflected in the
values of k required to produce satisfactory fits to data. Values of
k equal to 2.0 for the simple case, and 0.75 for the pulsed, yielded
acceptable fits for both Ss. Adequacy of the visual fits was
corroborated by fitting curves using the method of Probit analysis
(Finney, 1952). A correction was included for the truncated range
of the forced-choice psychometric function. A t test on the
estimated slopes confirmed our earlier conclusion that continuous
presentations give rise to steeper slopes than pulsed."

Values of log t.1 necessary for 75o/o-correct detections were
estimated from the curves fitted by eye and are plotted as
constant-detectability contours in Figs. 4 and 5. Whereas perfect
temporal summation is found within the critical duration for the
case of simple detection, there is a surprising absence of
reciprocity between duration and signal intensity in the pulsed
detection condition. That is, for the continuous masker condition,
it was found that t.1 X T =K for durations less than 32 msec, and
for the pulsed case AI = K. Only when the pulsed masking flash
approaches absolute threshold do we notice any decrement in
performance as signal duration is shortened.

Not only is the absolute level of performance unaffected by
changes in stimulus duration, but also the shape of the psycho
metric function appears to remain invariant in the face of a more
than 3.5-log-unit change in flash duration (see Fig. 6). For S B.L.,
a single psychometric function adequately describes P(c) as a
function of log (Mil). 'Note that no "abscissa shift" has been
applied to these data. To account for results obtained with less
intense pulsed maskers (Observer H.T.), however, two psycho
metric functions of the same shape are required.

Plots of t.1/1 against log I for 32- and 320-msec-pulsed
conditions and for simple detection of 32-msec increments are
presented in Figs. 7 and 8. The data show that the unusual Weber

0.5
STIMULUS

Fig. 4. Log tJ(mL) necessary for 7So/o-eorreet detections as a function of
stimulus duration for Observer B.L. for pulsed and simple detection. The
parameter is the level of the background (JogmL).
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A measure of the amount of negative masking is given by the
reduction in the absolute magnitude of til necessary for 75o/cr
correct detections. For both observers, the difference in the
detection thresholds was approximately OAlog units.

Method 2
In view of the fact that "negative masking" is a topic still in

dispute in both vision and hearing (see e.g., Green, 1966;
Leshowitz & Raab, 1967; Nachmias, 1966), it was decided to
conduct a second experiment employing pedestals.

The background (-1.7 log ml) as well as the signal (-2.0 log ml)
were held constant in this study, and changes in P(c) were
recorded as the pedestal level was varied.

Results 2
Results of this second pedestal experiment are displayed in Fig.

13, where P(c) is plotted as a function of pedestal luminance.
Observe that for a constant ratio of signal-to-background intensity,
detectability improves with pedestal amplitude until a peak is
reached, after which performance declines. Data collected in
Experiment 2 thus provide strong evidence supporting the
assertion that in addition to changing the slope of the psycho
metric function, the presence of a pedestal improves detectability.

DISCUSSION
That different discriminatory processes underlie detection of

visual signals in the presence of steady and pulsed backgrounds has

been suggested by Bartlett (1942) and Comsweet and Pinsker
(1965) in discussions of the atypical Weber function that
characterizes luminance discrimination of brief flashes under
complete dark adaptation. Blackwell (1963), in his critique of the
theory of signal detectability, has focused most clearly on the
importance of considering experimental procedures and stimulus
displays in any theoretical analysis of visual masking. According to
Blackwell, observers compare samples of sensory information only
in the stimulus-comparison experiment wherein the task of the
viewer is to judge whether an inner disk is brighter or darker than
a concentric ring. Essentially, Blackwell's objection to the signal
detectability analysis of the forced-choice task is that it has been
incorrectly applied to the stimulus-increment or simple detection
situation.

Consistent with Blackwell's criticisms are the data obtained in
Experiment I, where it was found' that there are important
differences in several fundamental psychophysical relations
between continuous and pulsed conditions. The slope of the
psychometric function, the form of the Weber function, intensity
duration reciprocity, and the dependence of relative masking
effectiveness on overall level were all shown to be a function of
mode of masker presentation. These data suggest that we are
probably not entitled to the simplifying assumptions frequently
made by signal-detection theorists, namely that the viewer
computes differences and knows the signal duration and area
exactly regardless of the type of masker employed.

Fil. 7. Weber funCtioDlfor pulaed detection for 32- and 32(}.JDJeC signals
aDdfor limple detection of a 32-maec: increment. Data for Oblienef B.L.
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Fig. 9. Log L'>I plotted as a function of the luminance of the masker (log f).
Data for pulsed detection of 32- and 32().msec signals, and for simple
detection of 32-maec signals. The arrows at -2.7 and -3.6 log mL are the
absolute thresholds for the 32- and 32().maec puIaed flashes. Data for
Observer B.L.

Continuous-Pulsed Differences in Audition
To the extent that the continuous-pulsed differences obtained

in vision reflect general properties of sensory systems, we ought to
find a similar situation in audition. In agreement with this
hypothesis are data obtained by Dirks and Norris (1966) who
tracked the variation of tonal signal power required for 75%
correct detections as a function of noise level for continuous and
pulsed cases. Throughout most of the intensity range, gated noise
produced approximately 5 dB more masking than steady noise.
However, as the level of the masker approached absolute
threshold, this difference in masking effectiveness between pulsed
and continuous conditions ceased to exist. For the case of tones
added to tones of identical frequency or to a complex masker
consisting of three sinusoids, Campbell and Lasky (1967) have also
shown that pulsed stimuli are more effective maskers than
continuous stimuli and that the difference in masking effectiveness
disappears at low levels. They reported that for short-duration
signals (e.g., 20 msec) there is a reversal of the Weber function at
low masker levels with the gated presentation yielding lower
signal-to-masker ratios than the continuous.

Effects of duration on detection of tonal signals with con
tinuous and gated noise are also similar to the relations observed in
vision. Tucker, Evans, and Jeffress (1966) found that when signal
energy is held constant, gated-noise-and-signal conditions at long
duration (500 msec) yields d's that are slightly worse than those
obtained with continuous maskers, though the reverse is true at
short durations.

Unfortunately, not all of the auditory temporal integration data
are consonant with the continuous-pulsed differences observed in
vision. Wightman and Green (1966) have recently studied the
effects of duration on detection of noise increments added to
gated noise bursts. Whereas in Experiment 1 we found that with
luminous power of the standard flash held constant no im
provement in performance obtained with increases in duration,
Wightman and Green measured a reciprocity factor of 4 dB per
ten-fold change in duration.

Other psychoacoustic data incompatible with the present set of
vision results come from studies of the shape of the psychometric
function. Green (personal communication) has stated that the
difference in the slope of the psychometric function between
gated and continuous conditions for detection of noise and
sinusoidal signals masked by band-limited noise appears to be
much less than what obtains in vision. Differences between gated
and continuous psychometric functions have been noted by
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Theory of Ideal Observers
The decrease in slope of the psychometric function observed

when a sinusoidal signal is an in-phase addition to a gated sinusoid
of the same duration and frequency has been offered as evidence
in support of the correlation-detector-for-the-case-of
the-signal-known-exactly as an appropriate analog of the human
auditory system (Green, 1960). Whereas in the simple or pedestal
less condition it was found that the obtained psychometric
function is considerably steeper than the theoretical, with the
addition of an attenuation constant, the correlation detector
accurately predicted P(c) for pedestal detection. To explain these
data, Green has proposed a "memory hypothesis" which posits
that the function of the gated pedestal is to provide the listener
with information regarding frequency, phase, time of occurrence,
and duration of the signal. Effective reduction of observer
uncertainty is, according to Green, reflected as a decrease in the
slope of the psychometric function.

The notion of ideal sensor systems has been generalized to the
area of visual signal detection (Tanner & Jones, 1959). According
to the theory, the shape of the psychometric function in vision
reflects observer uncertainty with respect to time of onset,
duration, and retinal location of the signal. Moreover, as the
degree of uncertainty increases, the theory posits that per
formance deteriorates, with weak signals being more adversely
affected than strong signals. Communication engineers refer to the
relation of increasing slope to decreasing sensitivity as "weak
signal suppression," As can be seen in Figs. 11 and 12, the
addition of an information-carrying pedestal produced both
effects-that is, enhanced detectability and a significant flattening
of the psychometric function. These findings lend credence to the
conclusion first advanced by Green and Sewell (1961) in audition
that gated pedestals do serve to reduce temporal uncertainty, thus
rendering human behavior more "optimum." An alternative
explanation of the pedestal data will be considered later.

Campbell and Lasky (1 % 7) for the case of tone added to tone.
The authors found that for 20-msec signals, gated masker
conditions give substantially lower slopes than continuous. With
40G-msec signals, however, slopes of gated and continuous
conditions were identical.

It is interesting to note that while investigators in hearing have
not observed any consistent deviations in the form of the
psychometric function for pulsed maskers, dramatic changes in the
slope have been recorded when signals are added to gated maskers
in the presence of an ongoing background noise (Green, 1960;

. Green & Sewell, 1962). This finding has been termed the "audi
tory pedestal effect" and is similar to the visual pedestal effect
obtained in Experiment 2.

32, Pulsed 0

320,Pulsed.

Simple.

BL

-3

<1-1
(!)

9
-2

2

Perception & Psychophysics, 1968, Vol. 4 (4) 211



•
50

Comparison of the Poisson-Detection Model and Human Observers
Coupled with the intensity-duration trades observed in the

pulsed-detection task, the facilitating effects of pedestals obtained
in Experiment 2 cause great difficulties for a Poisson scheme.
Recall that the theory assumes that the distributions of sensory

effect are shaped by the Poisson statistics governing fluctuations
of light quantum emission. Since the mean of the Poisson
distribution is equal to its variance, variability of sensory
information is tied to the expected value of the process. Hence,
increasing the duration of a flash causes a greater number of light
quanta to be absorbed and a concomitant increase in the ratio of
the mean to sigma of the sampled test statistic. What is important,
then, about increasing flash duration is the improvement in the
tolerance of measurement. More reliable estimates of the average
energy ought to give rise to smaller masked thresholds. As is seen
in Figs. 4 and 5, extending the light pulse in time does not yield
better discriminability.

Enhanced detectability, noted in pedestal detection, is similarly
incompatible with a Poisson model. Nachmias (1966), comment
ing on Baumgardt and Smith's (1965) finding that a continuously
presented subthreshold .. 'background sometimes reduces the
absolute threshold, has pointed out that introduction of a
background stimulus can only increase the variability of sampled
"counts," and would leave the mean difference unaffected. Hence,
detectability should be worse, not better, in the presence of an
additional masking source. If Nachmias' arguments are applied to
the visual pedestal data, it appears that we are forced to abandon
the Poisson scheme.

A signal-detection approach may be salvaged if we assume that
the phenomenon of negative masking is merely a consequence of
the nonlinear relation between d' and b.i/i. Let us define for the
pedestal detection case the quantity

Ip +, =I, + Ip , (1)
where the ratio of signal-to-background intensity is Is, and Ip is
pedestal/background. Recall that the fitted psychometric function
for simple detection was based on the general relationship:

d'=J2+" (2)
Thus, d' for signals detected in fhe presence of pedestals is given
by

dp=d' Op+,) - d' Op) =I~+, -I~, (3)

d~ =I? + 21,lp '

Consider now values of d' that result from the addition of a signal
to noise alone and to noise-plus-pedestal. On the assumption that
d' grows as a positively accelerating function of Ip + s over the
range of stimulus values used in Experiment 2, a weak signal added
to noise may be detected near chance, while the same signal added
to a small pedestal may be perfectly detectable.

We also note that the above account is completely consistent
with the present pedestal-effect result. When Is <: 2Ip, it follows
from Equation (3) that dp"" Kls. We would predict, therefore,
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It has been demonstrated in hearing, and now in vision, that the
range of the psychometric function changes systematically as the
pedestal level is varied, but there are no auditory data that display
negative masking. Monaural addition of stimuli to the auditory
system has been shown to produce only positive masking.
Moreover, a search of the literature on intensity discrimination
failed to uncover the existence of negative masking in vision..Thus,
the present set of pedestal data constitutes the only evidence of
"release from masking" obtained to date in either vision or
hearing.

Fig. II. Psychometric functions for simple- and pedestal-detection ex
periments. The steady background and pedestal were both equal to -1.7 log
mL, and the duration of the signal was 32 msec. The solid curves are the
equation ,( =·c(b.I/I)I<, where c represents an adjustment for experimental
.condition, and where k is equal to 2.0 and 1.05 for continuous and pedestal
detection respectively. Each data point represents 300 observations from
Observer B.L.
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Fig. 12. Psychometric functions for simple and pedestal detection for
Observer H.T. See legend for Fig. 11.

-u

Fig. 13. Proportion of correct responses as a function of pedestal level
with signal/background constant. The continuous background was -1.7 log
mL. Signal luminance was equal to -2.0 log mL. Each data point represents
300 observations from Observers B.L. and H.T.
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that whereas the psychometric function in the simple detection
case would show that d' varies with the square of signal strength,
the psychometric function for pedestal detection would show d'
to be a linear function of toll!. Inspection of Figs. II and 12
revealsjust this resultf

CONCLUDING REMARKS
The serious discrepancies between the Poisson model and data

forces the conclusion that the theory in its present form has
serious limitations and must be extensively modified. In an
attempt to unify stimulus- and organism-oriented approaches to
visual detection, Treisman (1966) has proposed a neurophysiol
ogical model that takes into account the statistics of light and the
variability of neural messages in sensory channels. The Treisman
model can be extended to the 2ATFC-continuous- and pulsed
masker situations. It can be shown that the model is easily able to
generate many of the familiar intensity-duration and masking
relations that characterize visual detection in the presence of
continuous and pulsed maskers. The success of Treisman's
statistical decision model, together with the apparent failure of the
exclusively stimulus-oriented approach, strongly suggests that if
theories of detection are to be useful, they must incorporate the
statistics of the stimulus and the flow of information in sensory
channels.
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NOTES
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2. Psychometric functions were fitted by transforming empirical estimates
of p(c) to values of d' by referring to tables provided by Elliot (1964).
Straight lines were then visually fitted to plots of d' against t.I/I on
logarithmic coordinates, and the best fitting values of c and k were selected.
Since Elliot's tables assume Gaussian density functions of equal variance, P(c)
is a Gaussian function of d'. In the region where k is not too different from
unity, the monotonic relation between toI/I and d' assumed by the fitted
equation gives rise to a psychometric function that closely resembles the
cumulative Gaussian function. It is important to note that the two-alternative
forced-choice procedure produces a psychometric function that starts at
p(c) = 50%. This function is, therefore, only the upper half of the ogive. The
lower "tail" of the curve arises when t.I/I is plotted on a log scale. A similar
fitting procedure has been employed by Egan (1965) in connection with
auditory masking-level differences.

3. The authors are grateful to Dr. Harry Levitt for providing us with the
programs for the Probit analysis and making available to us the computer
facilities at Bell Telephone Laboratories.

4. The authors are indebted to Dr. Jacob Nachmias who suggested this .
explanation of both negative masking and the pedestal effect.
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