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Stimulus intensity and information processing

MARY JO NISSEN
Eye Research Laboratories, The University ofChicago, Chicago, Illinois 60637

The physiological and behavioral literature regarding effects of stimulus intensity on the
time course of information processing is reviewed. The physiological data describe intensity
effects on the sensory pathway. Reaction time studies show that the effect of intensity on be
havioral responses also depends on and may be mediated by more cognitive processes. The
degree to which intensity affects simple reaction time varies directly with the response criterion
subjects use. The lack of this dependence in choice reaction time may indicate different
intensity effects on energy and nonenergy pathways. The literature suggests that intensity
affects the time course of information processing not only by influencing the speed of process
ing in sensory pathways, but also by affecting alertness and the time required to direct atten
tion to a stimulus.

Stimulus intensity has been used extensively as an
independent variable in psychological research, but·
its use has been most closely associated with the field
of psychophysics. As part of their general interest in
the relation between stimulus magnitude and sub
jective magnitude, psychophysicists have relentlessly
searched for the true law relating stimulus intensity
to perceived intensity. There has been no doubt that
the relationship is nonlinear. Rather, the questions
have involved the type of nonlinearity that best
describes the psychophysical data (logarithmic vs.
power functions), the level in the processing system
at which the nonlinear transformation occurs, and
the dependence of the input-output relationship on
such things as stimulus modality, duration, and size.

The thoroughness of the psychophysicists' in
vestigations of the effect of stimulus intensity on
perceived intensity has not been paralleled by in
vestigations of intensity effects on other psycho
logical processes. It has been known since 1886 that
reaction time decreases with stimulus intensity
(Cattell, 1886). Recent studies in cognitive psychology
have concentrated not on understanding how in
tensity affects reaction time but instead on using
manipulation of intensity as a tool with which to in
vestigate other cognitive factors. In Sternberg's
(1969) influential stage model of information
processing, stimulus intensity is explicitly assumed to
affect only the earliest stages of encoding. Without
questioning this assumption, psychologists have
used intensity manipulations within the framework
of the additive factors logic (Sternberg, 1969),
arguing that any variable which interacts with
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stimulus intensity must also affect encoding. Con
sidering the number of theoretical arguments that
have been based on the assumption that intensity
only affects the earliest stage of processing, it is
important to know, specifically, whether that
assumption is valid, and generally, how intensity
effects on response latency are mediated.

The first section of this paper will examine the
pathway effects of intensity, i.e., its influence on
processing within the sensory system. Physiological
data are useful here and will be briefly summarized.
Models which attempt to account for intensity effects
on response latency solely in terms of pathway vari
ables will also be discussed. The second and major
part of the paper will consider central factors in
volved in the manifestation of intensity effects: the
interaction of intensity and response criterion, and
the immediate influence of intensity on alertness and
attention. It is hoped that this analysis will show the
complexity of processes which may mediate what is
usually considered a purely sensory effect.

PATHWAY EFFECTS

Cattell's (1886) observation of an inverse relation
between visual stimulus intensity and reaction time
(RT) has been replicated many times. From an
analysis of data from several studies, Vaughan,
Costa, and Gilden (1966) claimed that simple RT de
creases as a power function of light intensity, with
the exponent near - .3. More recent studies by
Mansfield (1973) and Ueno (1977) generally agree
with that formulation, although the value of the
exponent varies somewhat with stimulus size and
duration. Teichner and Krebs (1972) have provided
a review of the effects of stimulus intensity, size,
duration, and viewing condition (monocular vs.
binocular) on simple ~T. Their analysis shows that
asymptotic reaction time (RT to stimuli of sufficient



duration to produce an asymptotically fast response)
is a power function of intensity, with exponents
of - .06 for small stimuli and - .02 for larger
stimuli. Simple RT to small, relatively dim stimuli
ranges from 290 to 500 msec over a 3-10g-unit change
in intensity. The range in experiments using larger
and generally brighter stimuli is from 160 to 240 msec
over a 4-log-unit intensity change. Simple RT to
auditory stimuli also decreases with intensity, and in
some cases the relation appears to follow a power law
(Angel, 1973; Chocholle, 1945).

Simple RT has been considered a measure of per
ceptual latency; it has seemed that this dependent
variable ought to directly reflect sensory processing
time. Thus, the decrease in RT with visual intensity
has been attributed to faster processing within the
visual system. And occasionally, the effect has been
attributed entirely to retinal processes (Vaughan
et aJ., 1966).

There is ample evidence that visual intensity affects
the amplitude or rate of response throughout the
visual pathway, from the initial photoreceptor re
sponse to cells in the striate cortex. The earliest
recordable effect of light on the visual system is the
early receptor potential (ERP), which is generated by
the initial light-induced changes in photopigrnent
molecules. The amplitude of this response increases
linearly with stimulus intensity (Cone, 1964; Debecker
& Zanen, 1975). The amplitude of the a-wave of the
electroretinogram, which presumably reflects recep
tor output, also increases with intensity. At this
stage, the relation between intensity and response
amplitude becomes nonlinear, approximating either
a logarithmic (Brown, Watanabe, & Murakami,
1965) or a power function (Boynton & Whitten,

-1970).
The dependence of the firing rate of retinal

ganglion cells and optic nerve fibers on light in
tensity has been studied extensively (Barlow & Levick,
1969; Cleland & Enroth-Cugell, 1970; Hartline,
1938; Marrocco, 1972; Stone & Fabian, 1968; Stone
& Fukuda, 1974; Winters & Hamasaki, 1972). There
is a nonlinear increase in the response with intensity,
but the precise form of the relationship seems to
depend on the type of ganglion cell recorded from,
the contribution of antagonistic surround mechanisms,
the range of intensities used, and the portion of the
response that is considered (initial burst vs. steady
state response). There is better agreement on the
relation between response latency and intensity: the
time to the initial impulse decreases approximately
10 msec with each log unit increase in intensity
(Cleland & Enroth-Cugell, 1970; Hartline, 1938;
Levick,1973).

A group of studies has shown that at the level of
ganglion cells (Barlow & Levick, 1969; Stone &
Fukuda, 1974), lateral geniculate nucleus (Marrocco,
1975), and striate cortex (Bartlett & Doty, 1974)
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there exist subgroups of cells which seem specialized
for coding intensity. In the monkey lateral geniculate
nucleus (LGN), for example, most cells respond
differentially to stimulus intensities covering a
range of only 1.5 log units (Jacobs, 1965; Winters
& Hamasaki, 1972). Marrocco (1975), however,
found a few cells which showed a much wider opera
tional range, with firing rate increasing over an in
tensity range of 5 log units. Similarly, a subgroup
of ganglion cells termed "luminance units" by
Barlow and Levick (1969) or tonic "W-cells" by
Stone and Fukuda (1974) shows a maintained firing
rate that varies regularly over a wider range of
intensity than do most units at that level. It has
been suggested that these cells are involved in con
trolling pupil diameter rather than contributing to
brightness perception. Yet, such specialized neurons
appear even at the cortical level. Bartlett and Doty
(1974) reported that, of the monkey striate cells they
tested with diffuse light, only 40070 showed an
intensity-dependent response. The firing rate of these
"Iuxotonic" units in light was at least twice that in
dark. Furthermore, 70070 of the luxotonic units were
also luminance units, defined as cells in which the
rate of discharge increased monotonically with light
intensity over a range of at least 3 log units. 1

Despite general questions about the reliability
and origins of scalp-recorded evoked potentials, the
amplitude and latency of evoked responses recorded
over primary sensory cortex are usually believed to
reflect the strength and speed of processing within
the sensory pathways. The amplitude of these re
sponses is almost invariably found to increase with
the intensity of visual (Tepas & Armington, 1962;
Vaughan & Hull, 1965) and auditory (Klingaman
& Anch, 1972; Teas & Kiang, 1964; Tepas, Boxerman,
& Anch, 1972) stimuli. It has also been shown that
the latency of the evoked response is inversely related
to intensity. Vaughan and his associates (Vaughan,
Costa, & Gilden, 1966; Vaughan & Hull, 1965)
measured the peak latency of component PI, which
was about 100 msec for the visual stimuli they used.
Their data suggested that PI latency was a power
function of intensity, with an exponent of - .3.

This brief review indicates that there are reliable
effects of intensity on neural processing at every level
of the visual system and at least at the cortical level
of the auditory system. There have been attempts
(Mansfield, 1976; Vaughan et aI., 1966) to make a
quantitative comparison of intensity effects on the
neural pathway and on simple reaction time and thus
to prove that the behavioral effect originates entirely
within the sensory pathway. The one study which
obtained a physiological (evoked response) and
behavioral (simple RT) response simultaneously
(Vaughan et al., 1966) and found identical intensity
effects supports that view. However, the precise
form of the functions relating intensity to the neural
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response and to reaction time depends strongly on
other stimulus variables. For this reason, convincing
comparisons across experimental subjects, cell
groups, and stimulus conditions seem difficult.
Nevertheless, given such strong pathway effects and
little reason to postulate central effects of intensity,
models of reaction time have been proposed which
show how a stronger response in the sensory pathway
could be translated to a faster reaction time.

Models
A theory developed by Luce and Green (1972)

models several decision processes which make use of
the output of the sensory system. The decision
processes they consider include those for recognition
and discrimination of intensity, detection, magnitude
estimation, and simple reaction time. Only their
model for simple RT will be considered here. Al
though the model was developed to account for·
responses to auditory stimuli (pure tones, in
particular), it presumably could be applied to vision
as well.

The Luce and Green model assumes that the in
formation used by the decision mechanism consists
of a series of interarrival times (lATs) corresponding
to the interspike intervals of the neural pulses
generated by the sensory system in response to a
stimulus. Based on physiological data, it is assumed
that the distribution of the IATs is a Poisson process,
and that the expected value of the IAT distribution
varies inversely as a function of stimulus intensity.
Decisions based on stimulus intensity are made by
sampling one or more IATs from "one or more sensory
channels and comparing the observed IAT to a cri
terion.

A simple RT task is essentially a speeded detection
task. Subjects must respond as soon as a stimulus
which is discriminably different from the back
ground noise level is detected. Luce and Green (1972)
propose that subjects set a decision criterion and
initiate a response at the end of the first IAT that
does not exceed that criterion. The difference in RT
to strong vs. weak signals reflects the difference in
IATs generated by strong vs. weak signals. In fact,
in the Luce and Green model, IAT is the only intensity
dependent variable influencing reaction time. The
other components of RT include: the time to trans
duce stimulus energy into pulses (receptor latency),
the time required for a pulse to travel from the
receptor to the central decision mechanism, and
response execution time. Although Luce and Green
assume that none of these components of RT varies
with stimulus intensity, the physiological data dis
cussed above suggested that the latency to the initial
pulse (which presumably corresponds to the travel
time) is intensity-dependent.

Another model of simple reaction time which is
quite similar to that of Luce and Green has been

outlined by McGill (1963). While the former model
may be termed a neural timing model in that the
intensity-dependent decision variable is the inter
arrival time, McGill's is a neural counting model:
Decisions are based on a count of neural events
occurring within a prescribed time, with the count
varying directly with stimulus intensity. Like Luce
and Green, McGill assumes that only the decision
time is intensity-dependent. Neither the neural
passage time nor the time for response execution
is thought to depend on intensity. The decision
mechanism consists of two neural counters, one
accumulating an impulse count in noise and one
accumulating counts of the expected signal. A
decision to respond is made as soon as the difference
between the two counters exceeds a specified cri
terion.

According to the neural counting model, the code
for detection is the number of events occurring with
in a fixed period of time; the neural timing model
suggests that the relevant code is the amount of time
required for a fixed number of events to occur. In a
recent comparison of these two models, Wandell
(1977) proposes that both of these methods of de
tection are available to subjects. He shows that ex
perimental conditions (specifically, the time dead
line in a speed-accuracy tradeoff situation) determine
which method the subject uses.

CENTRAL EFFECTS

McGill's model assumes that the subject's decision
criterion is maintained at a constant value. Luce
and Green argue that the variability in the criterion
is very small in comparison to the IAT variability,
although they acknowledge the possibility that the
criterion is not constant. We turn now to an examina
tion of the theory and data regarding the role of the
response criterion in the manifestation of intensity
effects.

Interaction of Intensity
and Response Criterion

Theory
Although Wilhelm Wundt considered the com

ponents of simple RT to include both a peripheral
latency, consisting of the time required for the
sensory impulse to reach a decision mechanism, and
a central latency, which included attentional and
response initiation times, he believed that the periph
eral latency was negligible. Consequently, he was
unwilling to attribute large effects of stimulus in
tensity to peripheral factors. To lend support to his
belief that some intensity effects were due to atten
tional factors, he conducted a simple auditory RT
experiment (Wundt, 1874). Tones of two intensities
were used and were presented in either a regular or
random order. In the former condition, subjects
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Figure 1. Grice's model of criterion-intensity interactions.

Data
The initial impetus for Grice's theory came not

from reaction time, but from the classical condi
tioning literature. Recording the number of condi
tioned responses (CR) to visual and auditory condi-

jects to use a criterion higher than that used in either
of the pure blocks. This higher criterion would have
three consequences: slower overall RT; a larger in
tensity effect; and a larger effect of criterion on RT
to weak signals than to strong signals (because of
the shallower slope of the information function for
weak signals). All three effects are evident in
Wundt's data.

Before turning to more recent data relevant to
Grice's theory, a few more of its characteristics
should be noted. First of all, it does not postulate
any difference in the initial latencies of neural re
sponses to strong and weak signals; the buildup of
stimulus information begins at the same time for
both of them, the only difference occurring in the
rate of buildup once it has begun. The physiological
data discussed above suggest that this feature of the
model may be inaccurate.

Secondly, Grice's model can be contrasted to the
additive factors model (Sternberg, 1969). Within the
additive factors framework, response latency is
considered to reflect the sum of the times required
by several serial stages of information processing.
In the case of simple RT, the stages are assumed to
include sensory registration, decision to respond,
and response execution. The power of this frame
work, in terms of its use as an empirical tool, de
pends on the assumption that if two independent
variables affect different stages, their effects on RT
should be additive. In Grice's theory, the buildup
of sensory information and the response criterion
may be viewed as independent "stages," in that the
criterion value does not affect information buildup
and vice versa. Yet Grice predicts that variables
affecting the two should interact.
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knew which intensity would be used on each trial,
and the difference in RT to the loud and soft tones
was 11 msec. When subjects were uncertain of the
intensity to be used, the difference was 109 msec.
Furthermore, overall RT increased 137 msec in the
uncertain condition. Wundt argued that the in
crease in RT and in the intensity effect was due to the
inability to direct attention to a certain loudness in
the uncertain condition.

The dependence of stimulus intensity effects on the
use of pure vs. mixed blocks of trials has been
replicated many times, as we shall see. The first
theory in modern psychology to deal with this inter
action was proposed by Grice and Hunter (1964),
who described it as an adaptation level effect: When
the same intensity is used in a series of trials, the
adaptation level is near the stimulus value, whereas
when two intensities are used in a single session, the
adaptation level must lie midway between the two
stimulus values. The larger intensity effect in the
latter condition results from the greater departure
of the stimulus values from the adaptation level.

Because of the appearance of data that would be
difficult to handle within an adaptation level
approach (and perhaps because of the emergence
of modern cognitive psychology), Grice redefined
his theory 4 years later (Grice, 1968). The new
approach was based on McGill's model of simple
RT. In both McGill's and Grice's models, the only
effect of the intensity of a stimulus on the subject's
response to that stimulus is mediated by the rate of
buildup of information. But while McGill viewed the
response criterion as being generally constant, Grice
proposed that it was a variable criterion. More im
portantly, Grice argued that the magnitude of in
tensity effects manifested in subjects' responses
varied directly with the response criterion. Because
the buildup of information about a strong stimulus
rises more steeply than that for a weak stimulus, the
two hypothesized functions diverge over time. Thus,
the difference in the time it takes the two to reach a
criterion value will be less if only a small amount of
information is needed for a decision to respond
than if this criterion is higher (see Figure 1).2

To apply Grice's model to Wundt's data, one
could postulate that the response criterion is higher
when two intensities are presented in a random order
than when presented in pure blocks. In the latter
condition, subjects have knowledge of the noise
characteristics of the system and of the expected
excitation from the signal, allowing them to use a
low criterion for both strong and weak signals.
Alternatively, they may set the criterion somewhat
higher in blocks of strong signals than in blocks of
weak signals, but this higher criterion would be
compensated by the faster buildup of information
from strong signals. The general stimulus uncertainty
in mixed intensity blocks, however, would lead sub-
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Figure 2. Variable criterion model account of Murray's (1970)
.results, Dashed lines represent criteria used in three conditions.
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in pure blocks and a much larger one in mixed
blocks (see Figure 2).

The energy in a flash of light is determined by both
its luminance and its duration. When stimuli are
presented for less than a particular critical duration,
simple RT decreases as duration increases. Beyond
this critical duration, reaction time is unaffected by
duration. Although the critical duration depends on
luminance (Raab & Fehrer, 1962; Ueno, 1977),
values near 10 msec are frequently cited (Kietzman &
Gillam, 1972; Mansfield, 1973).

If the critical duration is considered as the inter
val during which the subject samples stimulus in
formation, rather than as a biologically fixed in
tegration time, one might expect it to be manipulable
in much the same way as the response criterion of
Grice's theory. Bernstein, Futch, and Schurman
(1973) found an effect of pure vs. mixed blocks on
the critical duration for simple visual RT. When
stimuli of only one luminance were presented in a
block, the critical duration was 10 msec; when three
luminance levels were presented randomly, it in
creased to 20 msec. One interpretation of these data
is that the increased stimulus uncertainty lengthened
the sampling interval.

Preknowledge. Several investigators have asked
whether the effective difference between pure and
mixed blocks simply involves whether or not the
subject has advance knowledge of the intensity to be
used on each trial. Two studies (Speiss, 1973;
Thrane, 1961) have compared the effect of intensity
under three conditions: intensity randomized within
blocks; intensity randomized within blocks but with
the subject informed before each trial of the intensity
to be used; and trials blocked by intensity. Both
Speiss and Thrane found that overall RT and the
size of the intensity effect were equivalent in the
latter two conditions. The randomized-without
preknowledge condition produced slower RT and a
larger intensity effect than the other two conditions.

tioned stimuli (CS) during extinction, Grant and
Schneider (1948, 1949) found that although CR fre
quency tended to increase with CS intensity, the
effect was small and not significant. Grant and
Schneider, however, had varied CS intensity in a
between-subjects design. When Beck (1963) paired
tones of various intensities with air puffs to the eye
to produce a conditioned eye-blink response, she
used a within-subjects design and found a large and
significant effect of CS intensity on the number of
anticipatory responses. Using the same stimuli that
Beck had used, Grice and Hunter (1964) varied CS
intensity both randomly within a block of trials and
in a between-subjects design. The former condi
tion showed a significantly larger intensity effect.
Obviously, this is the same effect that Wundt found
on simple RT and is the prototype of data that
nourish Grice's model.

Most of the simple RT data which follow have
been collected by Grice and his colleagues, and most
involve presumed manipulations of the response
criterion. In most of the studies, anticipatory key
presses are reduced by the use of either random fore
periods or catch trials. Error rates are either very
low or not reported and thus cannot be considered
in conjunction with RT data. Unless otherwise noted,
the experiments to be reported used auditory stimuli.

Pure vs, mixed blocks. Grice and Hunter (1964)
found a significantly greater effect of stimulus
intensity on simple RT when tones of two differ
ent intensities were presented in random order to
the same subjects than when the two intensities were
presented to different subjects. Speiss (1973) used an
entirely within-subjects design and found that the
difference in RT to tones of 40 and 100 dB was
82 msec when trials were blocked by intensity, and
100 msec when intensity was randomized within
blocks. Using visual stimuli, Thrane (1960b) found
a 1-msec intensity effect in pure blocks and a 15-msec
effect in mixed blocks. In Thrane's study, the inter
action was primarily due to the fact that weak stimuli
were hurt more by mixed presentation than were
strong stimuli: RT to the bright light increased
7 msec in mixed blocks, whereas RT to the dim light
increased 21 msec.

In all of these studies, overall RT is significantly
slower in mixed blocks. However, Murray (1970)
has demonstrated that the interaction does not
depend on an overall RT difference. In his data,
RT was equally fast in the two conditions, but the
intensity effect was significantly greater in mixed
blocks. He argued that, in pure blocks of weak
tones, subjects used a very low criterion; in pure
blocks of strong tones, they used a very high cri
terion; and in mixed blocks, they used a single cri
terion that was midway between the other two. That
arrangement could lead to little or no intensity effect



These results would suggest that the criterion can
be changed voluntarily and quite flexibly before
each trial. However, there is contradictory evidence.
Murray (1970) found that the preknowledge condi
tion showed the same overall RT and intensity
effect as did the randomized condition without pre
knowledge. The source of this discrepancy is un
determined.

Instructions. It would seem that the most direct
way to vary a subject's criterion would be to vary the
instructions, emphasizing either speed or accuracy.
The former instruction should lead to a lower
criterion. Henderson (1970) presented tones of 40
and 90 dB within blocks. When subjects were urged
to "go fast," the intensity effect was 40 msec; when
urged to "be accurate" (to make no false alarms),
the intensity effect was 82 msec. Murray (1970)
manipulated the response criterion by either em
phasizing speed and using no catch trials or using
10070 catch trials. Reaction time was faster and the
intensity effect smaller in the former condition.
There is evidence that Grice's theory can be applied
to monkeys as well as humans. When Stebbins and
Miller (1964) trained monkeys to press a key in re
sponse to tones of various intensities, they found that
the intensity effect was greater when every response
was rewarded than when only fast responses were
rewarded. Finally, Henriksen (1971) attempted to
manipulate his (human) subjects' response criterion
by presenting either no feedback regarding their
reaction time or feedback which was false but
credible. He thought that by telling the subjects their
responses were slower than normal, he could get
them to lower their criteria. Likewise, subjects who
were told their responses were unusually fast might
raise their criteria. Although the groups receiving
false fast and false slow feedback showed no differ
ence in overall RT or intensity effects, both groups
demonstrated a faster RT and smaller intensity effect
than the group receiving no feedback. Feedback
in general seems to lower the response criterion.

Individual differences. The effect of intensity
varies among individuals. Part of the variation may
be due to differences in the rate of buildup of in
formation, but Grice's theory would suggest that it
may also depend on criterion differences. Thrane
(1960a), using visual stimuli, found no difference
in the effect of intensity on "slow responders" and
"fast responders." The difference has been demon
strated for auditory stimuli: subjects with fast RTs
showed less effect of auditory intensity than subjects
who responded more slowly (Kohfeld, 1969b).

Reaction time tends to increase with age. Hines
and Posner (Note 1) attribute this effect not to an
increase in peripheral latency, but to the fact that
older people tend to have higher response criteria.
In agreement with this notion, Botwinick (1971)
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has shown that stimulus intensity effects on simple
RT are greater among older subjects (64-79 years
old) than among younger subjects (17-22 years old).
It is possible that the greater effect of stimulus in
tensity shown by mental retardates (Baumeister,
Hawkins, & Kellas, 1965a, 1965b; Kellas, 1969) can
also be attributed to criterion differences.

Practice. Performance on tasks as simple as simple
reaction time improves with practice. If part of the
reduction in RT is due to the lowering of the response
criterion, intensity effects ought to decrease with
practice. Using visual stimuli, Thrane (1960a) found
no reduction in the intensity effect with practice.
However, Henderson (1970) and Kohfeld (1969b),
who both used auditory stimuli, found a greater
effect of intensity on the first day of the task than on
the second day.

Distribution of stimulus intensities. Assuming that
subjects adopt a single criterion within blocks of
trials in which more than one intensity is presented,
the height of that criterion ought to depend on the
proportion of strong and weak signals that are used.
For example, if most of the stimuli are weak, subjects
could decrease their RT by using a low criterion.
When most stimuli are strong, they could maintain
a fast RT and presumably decrease the false alarm
rate by using a higher criterion. When Murray (1970)
and Sanford (1972) varied the proportion of loud
and soft tones presented in a block, they found a
larger intensity effect in blocks having a high propor
tion of loud stimuli. In Sanford's data, the differ
ence between RT to loud and soft tones was 83 msec
when 75070 of the stimuli were loud and 33 msec when
75070 were soft.

Preadaptation and warning signal intensity. Two
studies (Kohfeld, 1968; Murray & Kohfeld, 1965)
have investigated the effect of preadaptation to tones
of various intensities on simple auditory RT. Before
performing a reaction time task, subjects listened to
12 tones presented once every 20 sec. In a control
condition, no tones were presented. The preadapta
tion session was immediately followed by a simple
RT task to tones of different intensities. Both studies
showed that RT was slowest when the preadapting
tone was 100 dB and RT was fastest when it was
35 dB. One possible explanation of this effect is that
a loud preadapting tone raised subjects' response
criterion to tones in the RT task. However, this ex
planation would predict an interaction between the
intensities of the preadapting stimulus and the stimu
lus to which subjects responded (the imperative
stimulus). This interaction was not obtained in either
study. An alternative account is that preadaptation
affects a peripheral stage and increases the latency
of information accrual. Two aspects of the data seem
to rule out this hypothesis. First, the effect of pre
adaptation intensity persisted on the second day of
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Kohfeld's RT experiment, without a repetition of
the preadaptation session. And second, in the control
condition when no preadaptation was used, RTs were
intermediate between those produced by a strong
and a weak preadapting stimulus.

Kohfeld (1969a, 1969b) has reported some effects
of warning signal intensity which are similar to those
of the preadaptation intensity. When he presented
subjects with visual or auditory warning signals of
various intensities and then, after a foreperiod of
1 to 3 sec, presented tones of various intensities to
which subjects responded, he found that more in
tense warning signals led to slower responses. A
similar effect was reported by Baumeister, Dugas,
and Erdberg (1967), who used auditory warning and
imperative stimuli and a foreperiod of either 2 or
15 sec. There exists a discrepancy among these ex
periments regarding the interaction of the intensities
of the warning and the imperative signals. Whereas
one of Kohfeld's experiments (1969b) produced
additivity between the two variables, both Kohfeld
(1969a) and Baumeister et al. (1967) found greater
effects of imperative intensity when a strong warning
signal was used. Kohfeld has attempted to explain
both the preadaptation and warning signal data in
terms of Grice's theory, arguing that when an im
perative stimulus is preceded by an intense signal, a
higher response criterion is adopted. Considering the
inconsistencies in the data, that argument seems
tenuous.

The main effect of warning signal intensity re
ported in these experiments is opposite the effect that
is frequently found: Stronger warning and accessory
signals lead to faster responses (Behar & Adams,
1966; Bernstein, Chu, Briggs, & Schurman, 1973;
Keuss, 1972). At least part of the difference may
depend on the foreperiods used. Keuss (1972) found
that increases in the intensity of the first stimulus
only reduced RT when the interval between the first
and second stimuli was between 50 and 350 msec;
with a delay of 500 msec, there was no effect.
Perhaps an even longer delay is necessary to show an
increase in RT with a stronger warning signal.

Sequential dependencies. A problem related to
preadaptation and warning signal intensity is the
question of whether RT and the effect of imperative
stimulus intensity depend on the stimulus intensity of
the preceding trial. The use of a loud stimulus on trial
n - 1 might lead subjects to adopt a higher criterion
on trial n, producing longer RTs and larger effects
of stimulus intensity on trial n. In his warning signal
experiment, Kohfeld (1969a) found no sequential
dependencies based on imperative stimulus intensity.
That negative finding is not surprising, since the
warning signal intervening between two imperative
stimuli would presumably have the dominant effect
on the criterion. However, the preadaptation experi-

ment of Murray and Kohfeld (1965), in which no
auditory warning signals intervened between impera
tive stimuli, also failed to demonstrate sequential
dependencies of imperative intensity. Kellas (1969)
and Murray (1970) reported that RT was faster when
a soft tone was used on the previous trial, and that
this effect was greater on responses to weak stimuli
than to strong stimuli, as Grice's model would
predict. Henriksen (1971) found small sequential
dependencies and noted that they did not decrease
with the intertrial interval, tending to rule out the
possibility that these effects are due to the "neural
noise" produced by the preceding trial.

It may seem that the effects of preadapting and
warning signal intensity, on one hand, and preceding
imperative stimulus intensity, on the other, should
be mediated by the same mechanism. There are
theoretical reasons why that may not be the case.
In a study of sequential dependencies on choice RT,
Keele and Boies (1973) postulated that stimulus
repetitions yield faster reaction times because sub
jects tend to expect repetitions, i.e., sequential de
pendencies are mediated by expectancy. If this were
true in the case of simple RT to tones of various
intensities, the use of a loud tone on the preceding
trial could lead subjects to expect another loud tone
and to raise their response criterion. In this sense, the
sequential dependency effects (when they exist) are
more similar to the effects of pure vs. mixed blocks
and preknowledge of stimulus intensity. The fact
that the effects are not very robust may reflect a
weaker tendency for subjects to develop these
expectancies in simple RT tasks. Warning signal
intensity, however, may not influence expectancies
regarding the imperative stimulus, and the intensity
of a tone used in a preadapting session almost
certainly would not. Thus, these variables would not
be expected to affect the response criterion in the
same way as sequential dependencies. The absence
of an interaction between preadapting and im
perative signal intensity confirms the notion that the
effect is not on the criterion. The question of why
strong warning and preadapting stimuli lead to
longer RTs is still unanswered.

Type of catch trial. In an experiment which led
him to postulate a theory that is quite similar to
Grice's, John (1966, 1967) found that reaction time
to an imperative stimulus varies directly with the
intensity of catch trial stimuli. He asked subjects

. to press a key in response to a light but not to re
spond when they heard a tone. Tone intensity was
varied between blocks of trials. John found that
RT to the light was 23 msec slower when loud tones
were used on catch trials than when soft tones were
used. In a control condition using the same stimuli,
subjects responded to both the auditory and visual
stimuli. In that case, visual RT did not depend on the



intensity of the tone that was used. John argued that
when loud tones were used in the first task, subjects
raised their response criterion to avoid making false
alarms.

Grice (1972; Grice, Hunt, Kushner, & Morrow,
1974) has suggested that both the intensity of catch
trial signals and their similarity to the imperative
stimulus affect the subject's criterion. LaBerge
(1971) reported an experiment in which the impera
tive stimulus was a I,OOO-Hz tone and, in different
conditions, catch trials involved the presentation of
a red light, white noise, a 1,200-Hz tone, or nothing.
Grice (1972) reanalyzed these data in terms of his
model, computing both the response criterion and
the "sensory recruitment" or information buildup
function in each condition. Assuming the same
sensory recruitment function in all conditions but
differences in criteria, with the blank catch trial con
dition having the lowest and the 1,200-Hz tone condi
tion the highest, he could successfully predict the
RT distributions that LaBerge obtained.

If the criterion increases with the similarity be
tween imperative and catch trial signals, the effect
of imperative signal intensity ought to increase with
it. Grice et al. (1974) tested this notion by varying
tone intensity and using catch trials consisting of a
red light, white noise of different intensities, tones of
different intensities, or nothing. They succeeded in
finding a larger effect of imperative intensity when
a light was used on catch trials than when blank
trials were used. However, results from conditions
in which auditory catch trials were used did not con
form to Grice's predictions. In fact, RT to loud
imperative stimuli was frequently longer than RT to
soft stimuli. Grice et al. remark that, in those con
ditions, different processes than elevation of the
criterion must be involved.

Extensions of Grice's Model: Choice RT
Different processes, indeed. In comparing the

conditions Grice used, it is essential to examine the
type of stimulus information on which subjects base
their responses and to consider how that information'
depends on the type of catch trial that is used. When
the design involves either no catch trials or blank
catch trials, subjects can respond on the basis of what
may be called energy pathways. That is, they may
respond to any increase in the amount of energy in
the system. When the imperative stimulus is auditory
and catch trials are visual, they might respond to
modality-specific energy pathways-to any increase
in energy within a modality. However, when im
perative and catch trial stimuli are within the same
modality, and especially when they are similar to
each other, the situation changes drastically. For
example, when tones of two frequencies are used as
imperative and catch trial signals, the subject can no
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longer respond on the basis of energy pathways,
but must respond on the basis of tonal frequency.

Grice et al. (1974), in an attempt to understand
the rather anomalous results of their auditory catch
trial conditions, demonstrated their subjects' use of
both energy pathways and frequency information.
The imperative stimulus was a I,OOO-Hz tone of 50,
80, or 100 dB. The catch signal was an 1,800-Hz
tone of 50, 80, or 100 dB. Grice et al. computed
the time course of information transmitted by the
relevant (frequency) and irrelevant (intensity) stimu
lus dimensions. For very fast responses, they found
that the response information was largely noise, as
one would expect. But the portion of information
in these early responses that was dependent on the
stimulus was constrained by intensity rather than
frequency. That is, when subjects responded very
quickly, their responses seemed to be based on energy
pathways such that they responded to both loud
imperative and loud catch signals. Later responses
were based on the relevant frequency dimension.
Grice et al. report that their subjects were aware
of this tendency to respond to loud signals regardless
of frequency. Their caution is reflected in the un
usually slow and variable responses to loud impera
tive signals.

A question that arises is whether Grice's model can
account for responses that are not based on energy
pathways. Specifically, when responses must be
made on the basis of information about tonal fre
quency, visual form, or stimulus location, is there
still an interaction of stimulus intensity and
criterion?

Most of the available data indicate that there is
not. Grice, Hunt, Kushner, and Nullmeyer (1976)
measured RT to 1,000 Hz tones of 50 or 100 dB
when the catch signal was an 1,800-Hz tone of either
50 or 100 dB. In one condition, subjects were in
structed to respond quickly enough to beat a time
deadline. In a second condition, there was no dead
line, and subjects were instructed to avoid errors.
These instructions presumably influenced the re
sponse criterion: mean RT was 31 msec slower in
the accuracy condition. However, the use of a higher
criterion did not result in a larger intensity effect.
In fact, the difference between RT to the loud and
soft tones was actually slightly larger with speed
instructions (68 msec) than with accuracy instruc
tions (52 msec).

In choice RT, as in simple RT, the presentation
of stimuli of different intensities within a block of
trials leads to slower responses than when trials are
blocked by intensity (Brebner & Tiivas, 1975). In
both types of task, the increased stimulus uncertainty
present in mixed intensity blocks evidently raises the
response criterion. However, Posner (Note 2) found
that in a choice RT task, stimulus intensity did not
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interact with the use of pure vs. mixed blocks. He
presented subjects with a visual x to the left or right
of fixation, and asked them to indicate the stimulus
position by pressing one of two keys. Stimulus in
tensity was varied either between or within blocks.
Posner's data showed a main effect of intensity, but
it was the same in pure and mixed blocks. Further
more, although RT decreased with practice, the
intensity effect did not, and there was no evidence
in the mixed blocks of sequential dependencies based
on intensity.

Pachella and Fisher (1969) presented subjects with
one of 10 lights arranged horizontally and asked
them to press one of 10 corresponding keys to
indicate the position of the light. Stimulus contrast
against the background and spatial confusability,
manipulated by the distance between lights, were
varied between subjects. The response criterion was
manipulated by the use of different time deadlines:
In different blocks of trials, the deadline was 0.4,
0.7, or 1.0 sec. An unspeeded condition was also
used. Their data show that the accrual functions for
high- and low-contrast stimuli are parallel, differ
ing only in intercept; the effect of stimulus contrast
on information transmission was the same in all
deadline conditions. On the other hand, the effect
of spatial confusability was larger in conditions
employing slower deadlines (higher criteria).

Lappin and Disch (1972) have used a slightly
different technique to study the rate of accrual of
information from bright and dim stimuli in a choice
task. Reaction times from a single speed-emphasis
condition are rank ordered from fastest to slowest.
Reaction times are then grouped within this rank
ordering, so that the fastest 75 responses would con
stitute one group, the next fastest 75 responses the
next group, and so on. For each group, the error
rate and average RT are plotted against each other.
Lappin and Disch performed this analysis on the
data of a two-choice RT task in which subjects re
sponded to the position of a visual stimulus that was
either bright or dim. In contrast to Pachella and
Fisher (1969), Lappin and Disch found that- the
accrual function for dim stimuli had both a larger
intercept and a lower slope than that for bright
stimuli. They attribute the inconsistency to the fact
that the task Pachella and Fisher used was a more
complex cognitive task in which intensity was rela
tively unimportant. Perhaps tasks involving highly
compatible responses can make greater use of energy
pathways.

Why is it that stimulus intensity should appear to
affect the rate of accrual of information in a simple
RT task but not in a choice task? Grice et al. (1976)
have recently addressed this question in a model of
disjunctive reaction time. Basically, their argument
is this. The empirical accrual functions represent
the sum of a sensory growth function and an associ-

ative growth function. The growth of sensory
strength is assumed to be exactly the same in choice
tasks as it is in simple RT tasks; the slope of the
sensory function is higher for strong than for weak
stimuli. The associative process serves to selectively
strengthen the accrual of information from impera
tive stimuli.' The sum of these sensory and associ
ative processes, which could be viewed as the total
excitatory strength reaching the decision mechanism,
will thus be greater for imperative stimuli than for
catch signals. As in simple RT, subjects can respond
by employing a single criterion. In this case, the
criterion must be above the asymptotic excitation
from catch signals but below that of imperative
signals.

With the exception of the Lappin and Disch (1972)
study, the experiments cited above suggest that the
rate of accrual of information is not affected by
intensity in a choice RT task or in the disjunctive
task reported by Grice et al. (1976). Given that this
empirical function reflects the sum of sensory and
associative growth functions, and given that the slope
of the sensory function is greater for stronger signals,
it follows that the slope of the associative function
must be less for strong signals than for weak ones.
That is what Grice et al. (1976) propose: Associative
strength accrues more rapidly for weak stimuli.
Although this notion is quite counterintuitive, Grice's
extended model does fit his disjunctive RT data. It
remains to be seen how Grice will model intensity
effects in RT tasks in which two different responses
must be made.

An alternative way to account for the lack of
intensity-criterion interactions in choice RT tasks is
this: While intensity affects both the latency and rate
of accrual of activity in energy pathways, it only
affects the latency of information about more
complex stimulus properties. Because the accrual
functions in these nonenergy pathways are parallel,
the intensity effect will be constant regardless of the
height of the criterion. It should be noted that this
alternative is much closer to Sternberg's (1969) con
ceptualization of the role of stimulus intensity in his
stage model. Intensity affects the duration of an
early encoding stage, and thus affects the time at
which higher-level processes can begin to analyze
the encoded representation in greater detail. Intensity
does not, however, affect the rate of processing at
these higher levels.

Alertness
The interaction of intensity and response criterion

demonstrates the importance of central processes in
the manifestation of pathway effects. Those data
do not necessitate the postulation of intensity effects
on anything other than the input pathway. This
section will consider the possibility that intensity
has an immediate effect on alertness.



Posner (1975) has described alertness as a state in
which an organism's central decision mechanism
is activated and made ready to respond to incoming
information. The consequences of this state include
a decrease in reaction time but an increase in errors,
since information has had less time to build up. In
RT tasks, alertness is frequently manipulated by
presenting a warning signal at various intervals be
fore the imperative stimulus. In a similar paradigm,
the warning signal (termed an accessory stimulus in
this situation) is presented simultaneously with the
imperative stimulus. The facilitation in RT to the
imperative stimulus found in this paradigm was
originally attributed to an increase in the discrimin
ability of the imperative stimulus. However, Nissen
(1974) showed that the effect of an accessory stimu
lus is the same as that of a warning signal: faster
reaction time but an increase in errors. Thus, a more
recent view of this "intersensory facilitation" is that
the accessory stimulus increases alertness (Nickerson,
1973; Nissen, 1974).

If one stimulus presented simultaneously with
another can affect the time at which the decision
mechanism responds, then presumably a single
stimulus can, by affecting alertness, influence the
speed with which it is responded to. Stimuli with
greater alerting properties should produce faster
but less accurate responses. Based on warning signal
experiments which show that, at least when relatively
short foreperiods are used, more intense warning
signals lead to faster responses, it seems possible that
the alerting properties of a stimulus would increase
with its intensity. Thus, in addition to pathway
effects, the influence of intensity on reaction time
might be mediated by alertness.

It has been proposed that visual and auditory
stimuli differ in their alerting characteristics (Posner,
Nissen, & Klein, 1976; Sanders, Note 3): Visual
stimuli seem to produce little or no automatic alert
ing. Consequently, it may be that auditory, but not
visual, intensity effects are partially mediated by
alertness. With this hypothesis in mind, the relevant
data will be examined by modality.

Audition
Posner and Boies (1971) and Posner, Klein,

Summers, and Buggie (1973) have shown that alert
ness is greater at foreperiods of about 200-500 msec
than at longer foreperiods. Because the alerting
properties of the imperative stimulus should be less
effective when alertness is already high, stimulus
intensity should have less effect at short foreperiods
than at longer foreperiods. Bernstein, Chu, Briggs,
and Schurman (1973) measured simple RT to loud
and soft tones presented at foreperiods of .5 and
5.5 sec and found intensity effects of 32 msec at the
shorter foreperiod and 55 msec at the longer fore-
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period. Several other studies (Botwinick, 1969;
Kellas, 1969; Kellas, Baumeister, & Wilcox, 1969;
Sanders, 1975, Note 3) reported similar results:
When simple RT was measured to tones of various
intensities presented at several foreperiods, the effect
of stimulus intensity was greatest when alertness
was lowest. Baumeister, Hawkins, and Kellas (1965a,
1965b) found no interaction between foreperiod and
intensity, but the foreperiods they used were all
rather long (4-6 sec), and the data showed no main
effect of foreperiod, suggesting that alertness did not
vary with these long intervals.

Vision
Posner (Note 2) has obtained evidence that alert

ness does not increase with visual stimulus intensity.
He used a two-choice RT task in which subjects
responded to the position of the visual stimulus, and
on some trials presented a visual accessory signal
simultaneously with the imperative stimulus. More
intense accessory signals did not produce faster re
sponses. This finding was replicated in a task in
which subjects determined whether the imperative
stimulus, which was a digit, was odd or even.

Regarding the relation between foreperiod and
visual intensity effects, there seems to be no doubt
that the effects are additive. In simple RT tasks,
stimulus intensity has the same effect at all fore
periods used (Bernstein, Chu, Briggs, & Schurman,
1973; Koster & Peacock, 1969; Raab, Fehrer, &
Hershenson, 1961; Sanders, Note 3). Niemi (1975)
has obtained additivity of foreperiod and visual
intensity in a choice task. Furthermore, errors do not
increase with the intensity of a visual imperative
stimulus in a choice task (Posner, Note 2).

Limitations and Extensions of Alertness Model
These data support the hypothesis that auditory

signals exert an automatic alerting effect which in
creases with stimulus intensity but that visual signals
do not. However, it is possible that the differences
found between vision and audition result from the
use of visual intensities of a generally lower level or
smaller range than the auditory intensities used.
Sanders (1975) investigated this possibility in a simple
RT task to visual and auditory stimuli in which
stimulus intensity and foreperiod were varied. Using
a wide range of visual and auditory intensities, he
found an interaction of foreperiod and intensity in
both modalities. When very bright visual signals are
used, RT is less sensitive to foreperiod manipula
tions. Although it is possible that visual stimuli of
extreme intensity exert an alerting effect, it seems
that within the intensity range used in most reaction
time studies, visual stimuli do not exert an automatic
alerting effect. In short, it seems reasonable to main
tain the hypothesis that the effect of auditory, but
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not visual, intensity is partially mediated by
alertness.

A more difficult theoretical problem is raised by
the results of choice RT to auditory stimuli. When
auditory intensity and foreperiod are varied and
subjects base their responses on either the pitch
(Keuss, 1972) or spatial location (Sanders, Note 3)
of a tone, intensity and foreperiod have additive
effects.

The similarity in the pattern of results obtained
within the framework of Grice's (1968) theory and
the framework of alertness is striking: The predicted
interactions are obtained in simple but not choice
reaction time. When one considers that Posner's
(1975) conceptualization of alertness is basically
equivalent to a change in response criterion, the
thought of a unification of the two frameworks be
comes irresistible. Two alternative attempts will be
outlined here.

(1) In the first approach, both sets of results
those pertaining to Grice's model and those dealing
with foreperiod effects-will be handled in terms of
alertness. It will be assumed that alertness and the
variables manipulated by Grice and his colleagues
similarly affect the response criterion. It will also be
assumed that increases in stimulus intensity, at least
for auditory stimuli, lead to greater alertness and
thus, lower response criteria.

If auditory intensity and practice, for example,
both affect the response criterion, the two variables
should interact. The alerting properties of a stimulus
should be less effective when the response criterion
is already at a low value, such as when subjects have
had much practice on a task. Thus, intensity effects
should decrease with practice. The same argument
applies to the interaction of intensity and instruc
tions, the use of pure vs. mixed blocks, preknowledge
of intensity, age, and so on. If alertness does not
increase with visual intensity, however, intensity
should not interact with these variables when visual
stimuli are used. Unfortunately, there have been only
three simple RT studies using visual stimuli in this
context. Sanders (1975) found no interaction between
visual intensity and pure vs. mixed blocks. Thrane
(1960b) demonstrated the existence of such an inter
action for vision, but it was weak. And in a second
study (Thrane, 1960a), she found no interaction of
visual intensity with either practice or individuals
(fast vs. slow responders). Thus, the simple RT data
obtained within Grice's framework seem consistent
with. the notion that auditory intensity and these
other variables interact because both affect the re
sponse criterion.

But what about choice reaction time? If visual
stimuli produce little automatic alerting, results
showing no interaction of visual intensity with fore
period (Niemi, 1975), practice, pure vs. mixed

blocks, or sequence (Posner, Note 2) in choice
reaction time are easily explained. However, the
additivity between foreperiod and auditory intensity
in choice RT (Keuss, 1972; Sanders, Note 3) is not.
Sanders suggests that "the effect of immediate
arousal is not effective whenever the information
flow involves the response choice mechanism"
(Sanders, Note 3).

(2) The alternative way to incorporate the two sets
of data assumes that none of the effect of stimulus
intensity is mediated by alertness. Although auditory
stimuli might exert an immediate alerting effect, it is
assumed that either immediate alerting does not vary
with stimulus intensity or the alertness produced does
not influence the criterion used in responding to the
alerting stimulus. Furthermore, this approach argues
that Grice's theory can explain the interactions found
in simple RT between intensity and all other vari
ables investigated so far-including foreperiod. At
optimal foreperiods, the subject's response criterion
is lower than at longer foreperiods and, thus,
intensity effects are smaller. The way in which
Grice's model can account for the additivity be
tween criterion manipulations and intensity in choice
RT has been discussed in an earlier section of this
paper: Intensity may affect only the latency and not
the rate of information accrual in nonenergy
pathways.

This approach has difficulty in accounting for the
lack of interactions found with visual intensity in
simple RT tasks. But the fact that such interactions
occasionally appear, especially when a wide range of
intensities is used (Sanders, 1975), is promising.

Attention
Both of the alternatives just discussed place the

locus of visual intensity effects in the input pathway,
attributing little or no influence of visual intensity to
alertness. Further support for the notion that visual
intensity only affects the input pathway comes from
evidence that it is additive with stimulus-response
compatibility (Biederman & Kaplan, 1970; Posner,
Note 2), number of stimulus alternatives (Posner,
Note 2), and response type (Miller & Pachella, 1973),
which are thought to influence later stages of
processing. Bartlett (1963) has shown that visual
intensity does not affect response execution: The
interval between the muscle action potential and the
completion of a response is constant over intensities.
However, evidence of an interaction between in
tensity and expectancy suggests that visual intensity
may influence the time it takes to turn attention to an
unexpected stimulus.

Miller and Pachella (1973) varied stimulus contrast
and probability in a memory-scanning task and
found that the effect of contrast was greater on
responses to low-probability stimuli. The same inter-



action was obtained when subjects were shown a
digit on each trial and simply had to say the name
of the digit. In a later study, Pachella and Miller
(1976) looked at the effects of stimulus intensity and
probability in a letter matching task. Although there
was some evidence of the expected interaction, it was
not statistically significant.

When subjects are asked to determine whether a
string of letters is a word or a nonword, reaction
time to a word is faster when it is preceded by a
semantically related word. Neely (1976) has demon
strated that part of this facilitation is mediated by
attentional processes. Presumably, subjects attend to
an area of memory representing the meaning of the
previous word. When a semantically related word
is presented on the next trial, it takes less time to
switch attention to it. Meyer, Schvaneveldt, and
Ruddy (1975) found that the magnitude of this
facilitation is greater for "degraded" stimuli than
for intact stimuli. Becker and Killion (1977) replicated
this result by varying stimulus intensity rather than
degradation.

Additional evidence of an interaction between
intensity and attention comes from the evoked
potential (EP) literature. Schechter and Buchsbaum
(1973) measured the amplitude of the evoked re
sponse to lights and tones of various intensities under
several instructional conditions designed to affect
the amount of attention subjects paid to the visual
and auditory stimuli. The amplitude of the EP
component with a latency of 120 msec increased with
intensity. For visual stimuli, that increase was great
est when subjects were presumably ignoring the
lights, and it was smallest when they attended to

Jhe lights. One could argue that the interaction may
have been an artifact of the background EEG in the
various conditions. The pattern of results from EPs
to tones makes this unlikely: Tone intensity increased
EP amplitude by the same amount in all conditions.
An evoked potential study by Schwent, Hillyard,
and Galambos (1976) provides further confirmation
that Schechter and Buchsbaum's results were not
artifactual and also indicates that EPs to auditory
stimuli may demonstrate an interaction of attention
and intensity. A series of tone pips was delivered
from three spatial locations. Subjects counted the
number of tones occurring at one location and
ignored the other two channels. The NI wave of the
EP was larger to attended tones, and the differ
ence between attended and unattended tones was
greater when the tones were soft than when they
were loud.

If one assumes that stimulus probability, semantic
relatedness, and instructions to attend to a given
source of stimuli all affect the direction of a subject's
attention, then these data demonstrate an interaction
of intensity and attention. But they do not indicate
the locus of that interaction. Within the additive
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factors logic, two possibilities exist. Attention could
affect the input pathway preceding central stages of
processing. Or intensity could affect the time it takes
an unexpected or previously unattended stimulus
to draw attention to itself. Physiological data
indicate that intensity affects the input pathway, but
the locus of attentional effects has not been specified
as convincingly. Thus, most of these experiments
were conducted under the assumption that an inter
action of intensity and attention would mean that
attention affects the input pathway. The opposite
interpretation seems equally likely, however, and the
available evidence (what there is of it) points in its
favor.

Several investigators, including Schwent et al.
(1976) have shown that evoked potentials recorded
from the vertex are influenced by attentional manip
ulations. Evoked potentials measured Over the
occipital lobe presumably reflect an earlier stage of
processing, corresponding to activity within the
visual system. Begleiter, Porjesz, Yerre, and Kissin
(1973) recorded EPs to visual stimuli simultaneously
from the vertex and occipital lobe and found that
although stimulus expectancy had a significant effect
on the vertex EP, it did not affect evoked responses
at the occipital site. This result suggests that expect
ancy does not influence these early stages of process
ing.

When subjects in a reaction time task are given a
cue indicating with a certain probability what the
following imperative stimulus will be, both costs and
benefits result: In comparison to a neutral condition,
responses to expected stimuli are facilitated, but
responses to unexpected stimuli are retarded (Posner
& Snyder, 1975). Posner and Snyder have proposed
that the benefit produced by the cue results from
an activation of the input pathways involved in
processing the expected imperative stimulus, and the
cost results from the additional time it takes to turn
attention to the unexpected stimulus. When Posner,
Nissen, and Ogden (Note 4) varied stimulus intensity
and expectancy in a cost-benefit paradigm, the inter
action of expectancy and intensity that was obtained
was limited entirely to the cost portion of the results.
The facilitation of responses to expected stimuli was
the same regardless of stimulus intensity, but re
sponses to unexpected stimuli suffered less if those
stimuli were bright than if they were dim. The im
plication of these data is that it takes less time to
switch attention to a bright stimulus. The locus of
intensity-attentional interactions seems to be the
attentional mechanism rather than the input
pathway.

CONCLUSIONS

Physiological data indicate that stimulus intensity
affects the latency and rate of processing in the



350 NISSEN

sensory pathway. If intensity and a seemingly more
cognitive variable, such as stimulus probability, fore
period, or speed-accuracy instructions are both
manipulated in a reaction time task and are found
to interact, what does this interaction tell us? Does
the "cognitive" variable affect the input pathway, as
is frequently assumed? Does intensity affect central
processes? Or can the empirical interaction be ex
plained without assuming any processing inter-
action? .

In simple RT tasks, when responses can be based
on energy pathways, two possibilities exist. Accord
ing to Grice, the interaction of intensity and vari
ables affecting the response criterion is a necessary
consequence of the difference in the rate of sensory
growth from strong and weak signals. The height
of the criterion has no effect on the accrual of in
formation, and intensity only affects the input path
way. The two variables produce an empirical inter
action without affecting a common aspect of in
formation processing.

The alternative account of interactions in simple
RT tasks is that intensity affects both the rate of
processing in sensory pathways and the response
criterion. Intensity increases alertness, which lowers
the criterion and leads to faster responses to more
intense stimuli. Intensity and criterion variables
interact because the portion of intensity effects medi
ated by alertness will be less evident when the cri
terion is already low. According to this view, the
interaction implies a central effect of stimulus
intensity.

Because visual stimuli are thought to be less auto
matically alerting, this second alternative predicts
an intensity-criterion interaction only for auditory
stimuli; Grice's account predicts an interaction for
both modalities. The literature lacks a convincing
demonstration of whether visual intensity and cri
terion variables produce additive or interactive
effects on simple RT. Future research should indicate
which of these theories is more adequate.

In most choice RT tasks, there seems to be no
interaction between intensity and variables 'that
affect the response criterion, One way to account for
these data is to assume that intensity affects the
latency but not the rate of processing in nonenergy
pathways. Yet, in these choice tasks, there are inter
actions between intensity and attentional variables.
The evidence available suggests that these inter
actions result from an intensity effect on attentional
processes rather than an attentional effect on input
pathways.

In short, the possible consequences of differences
in stimulus intensity on information processing seem
much broader than before. Perhaps future research
should use stimulus intensity less as an empirical
tool and more as a target of investigation itself.

REFERENCE NOTES

L Hines, T., & Posner, M. L Slow but sure: A chronometric
analysis of the process 0.( aging. Paper presented at the meeting of
the American Psychological Association, Washington. D.C.
September 1976.

2. Posner. M. L Chronometric explorations of mind. Hillsdale.
N.J: Erlbaum, in preparation.

3. Sanders, A. F. Structural and functional aspects ofthe reac
tion process. Paper presented at the Attention and Performance VI
conference, 1975.

4. Posner. M. L. Nissen. M. J.. & Ogden, W. C.Attending to a
position in space. Paper presented at the meeting of the Psycho
nomic Society. Denver, November 1975.

REFERENCES

ANGEL, A. Input-output relations in simple reaction time experi
ments. Quarterly Journal ofExperimental Psychology. 1973. 25.
193-200.

BARLOW. H. B.. & LEVICK, W. R. Changes in maintained dis
charge with adaptation level in the cat retina. Journal ofPhysiol
ogy, 1969, 202. 699-718.

BARTLETT, 1. R .. & DOTY, R. W., SR. Response of units in striate
cortex of squirrel monkeys to visual and electrical stimuli. Jour
nalofNeurophysiology, 1974, 37. 621-64L

BARTLETT, N. R. A comparison of manual reaction times as mea
sured by three sensitive indices. Psychological Record. 1963, 13,
51-56.

BAUMEISTER, A., DUGAS, J.. & ERDBERG. P. Effects of warning
signal intensity, reaction signal intensity, preparatory interval,
and temporal uncertainty on reaction times of mental defectives.
Psychological Record. 1967. 17.503-507.

BAUMEISTER. A.. HAWKINS, W., & KELLAS. G. The interactive ef
fects of stimulus intensity and intelligence upon reaction time.
American Journal ofMental Deficiency, 1965, 69, 526-530. (a)

BAUMEISTER, A., HAWKINS, W.. & KELLAS, G. Reaction speed as
a function of stimulus intensity in normals and retardates. Per
ceptual and Motor Skills. 1965, 20.649-652. (b)

BECK. S. Eyelid conditioning as a function of CS intensity. UCS
intensity, and Manifest Anxiety Scale score. Journal of Experi
mental Psychology, 1963, 66, 429-438.

BECKER. C A.. & KILLION. T. H. Interaction of visual and cogni
tive effects in word recognition. Journal ofExperimental Psychol
ogy: Human Perception and Performance, 1977. 3. 389-40L

BEGLEITER. H., PORJESZ, B., YERRE.C.. & KISSIN. B. Evoked po
tential correlates of expected stimulus intensity. Science, 1973,
179, 814-816.

BEHAR. L, & ADAMS, C. Some properties of the reaction-time
ready-signal. American Journal of Psychology, 1966. 79.
419-426.

BERNSTEIN, 1. H., CHU, P. K., BRIGGS. P., & SCHURMAN. D. L.
Stimulus intensity and foreperiod effects in intersensory facilita
tion. Quarterly Journal of Experimental Psychology, 1973, 25,
171-18L

BERNSTEJN, L H., FUTCH, D. G., & SCHURMAN, D. L. Some expo
sure duration effects in simple reaction time. Journal ofExperi
mental Psychology, 1973, 97, 317-322.

BIEDERMAN, L, & KAPLAN, R. Stimulus discriminability and S-R
compatibility: Evidence for independent effects in choice reaction
time. Journal ofExperimental Psychology, 1970, 86,434-439.

BOTWINlCK. J. Joint effects of stimulus intensity and preparatory
interval on simple auditory reaction time. Journal ofExperimen
tal Psychology, 1969, SO. 348-352.

BOTWINICK, J. Sensory-set factors in age differences in reaction
time. Journal of Genetic Psychology. 1971, 119, 241-249.

BOYNTON, R. M., & WHITTEN, D. N. Visual adaptation in monkey
cones: Recordings oflate receptor potentials. Science, 1970, 170.
1423-1426.



BREBNER, 1., & TIIVAS, K. Choice RT with signals of unequal in
tensity. Australian Journal of Psychology, 1975, 27.47-50.

BROWN, K. T .. WATANABE. K., & MURAKAMI, M. The early and
late receptor potentials of monkey cones and rods. Cold Spring
Harbor Symposia on Quantitative Biology, 1965, 30. 457-482.

CATTELL, J. McK. The influence of the intensity of the stimulus on
the length of the reaction time. Brain, 1886, 8. 512-515.

CHOCHOLLE, R. Variation des temps de reaction auditifs en fonc
tion de l'intensite adiverses frequences. Annales de Psychologie.
1945,41. 65-124.

CLELAND. B. G., & ENROTH-CUGELL, C. Quantitative aspects of
gain and latency in the cat retina. Journal 0./ Physiology, 1970,
206, 73-91.

CONE, R. A. The early receptor potential of the vertebrate retina.
Nature. 1964, 204. 736-739.

DEBECKER. 1.. & ZANEN. A. Intensity functions of the early recep
tor potential and of the melanin fast photo-voltage in the human
eye. Vision Research. 1975, IS, 101-106.

GRANT. D. A., & SCHNEIDER, D. E. Intensity of the conditioned
stimulus and strength of conditioning: 1. The conditioned eyelid
response to light. Journal ojExperimental Psychology, 1948. 38,
690-696.

GRANT. D. A., & SCHNEIDER, D. E. Intensity of the conditioned
stimulus and strength of conditioning: 11. The conditioned gal
vanic skin response to an auditory stimulus. Journal of Experi
mental Psychology. 1949, 39, 35-40.

GRICE, G. R. Stimulus intensity and response evocation. Psycho
logical Review, 1968, 75, 359-373.

GRICE, G. R. Application of a variable criterion model to auditory
reaction time as a fu notion of the type of catch trial. Perception &
Psychophysics, 1972, 12, 103-107.

GRICE, G. R.. HUNT, R. L.. KUSHNER. B. A.• & MORROW, C.
Stimulus intensity, catch trial effects and the speed-accuracy
tradeoff in reaction time: A variable criterion theory interpreta
tion. Memory & Cognition, 1974, 2, 758- 770.

GRICE, G. R .. HUNT. R. R., KUSHNER. B. A,. & NULLMEYER. R.
Associative processes and strategies in disjunctive reaction time.
Memory & Cognition. 1976, 4, 433-445.

GRICE. G. R., & HUNTER. J. J. Stimulus intensity effects depend
upon the type of experimental design. Psychological Review.
1964. 71. 247-256.

HARTLINE, H. K. The response of single optic nerve fibers of the
vertebrate eye to illumination of the retina. American Journal of
Physiology. 1938. 121,400-415.

HENDERSON, L. Simple reaction time, statistical decision theory,
and the speed-slowness tradeoff. Psychonomic Science. 1970. 21,
323-324.

HENRIKSEN. K. Effects of false feed back and stimulus intensity on
simple reaction time. Journal ofExperimental Psychology. 1971,
90. 287-292.

JACOBS, G. H. Effects of adaptation on the lateral geniculate
response to light increment and decrement. Journal of the
Optical Societv ofAmerica, 1965. 55. 1535-1540.

JOHN, I. D. Intensity of non-key stimuli in the Donder's c-type
reaction. A ustralian Journal 0/ Psychology, 1966, 18. 148-153.

JOHN. I. D. A statistical decision theory of simple reaction
time. Australian Journal ofPsychology, 1967. 19.27-34.

KEELE. S. W., & BOIES. S. J. Processing demands of sequential
information. Memory & Cognition. 1973. 1. 85-90.

KELLAS. G. Effects of preparatory intervals and stimulus
intensity on reaction times of normal and regarded individuals.
Journal 0.( Comparative and Physiological Psychology, 1969.
68, 303-307.

KELLAS. G .. BAUMEISTER. A. A., & WILCOX, S. J. Interactive
effects of preparatory intervals, stimulus intensity, and experi
mental design on reaction time. Journal 0./ Experimental
Psychology, 1969. 80. 311-316.

KEUSS, P. J, G. Reaction time to the second of two shortly
spaced auditory signals both varying in intens ity. Acta
Psychologica, 1972. 36, 226-238.

STIMULUS INTENSITY 351

KIETZMAN, M. L.. & GILLAM, B. J. Visual temporal integration
and simple reaction time. Perception & Psychophysics. 1972,
11. 333-340.

KLINGAMAN, R. L., & ANCH. A. M. Human auditory evoked
response intensity functions from monopolar and bipolar scalp
recordings. Psychonomic Science. 1972. 29, 17-19.

KOHFELD. D. L. Stimulus intensity and adaptation level as
determinants of simple reaction time. Journal 0./ Experimental
Psychology. 1968, 76. 468-473.

KOHFELD. D. L. Effects of ready-signal intensity and intensity
of the preceding response signal on simple reaction time.
American Journal of Psychology. 1969, 82, 104-110. (a)

KOHFELD. D. L. Effects of the intensity of auditory and visual
ready signals on simple reaction time. Journal 0./ Experimental
Psychology, 1969. 82. 88-95. (b)

KOSTER. W. G., & PEACOCK. J. B. The influence of intensity
of visual stimuli on the PRP. In W. G. Koster (Ed.),
Attention and performance 11. Amsterdam: North-Holland.
1969. (Reprinted from Acta Psychologica, 1969.30.)

LABERGE, D. On the processing of simple visual and auditory
stimuli at distinct levels. Perception & Psychophysics, 1971, 9.
331-334.

LAPPIN, 1. S.. & DISCH. K. The latency operating characteristic:
II. Effects of visual stimulus intensity on choice reaction time.
Journal ofExperimental Psychology. 1972. 93.367-372.

LEVICK, W. R. Variation in the response latency of cat
retinal ganglion cells. Vision Research. 1973. 13. 837-853.

LUCE, R. D., & GREEN, D. M. A neural timing theory for
response times and the psychophysics of intensity. Psychological
Review. 1972, 79. 14-57.

MANSFIELD, R. J. W. Latency functions in human vision.
Vision Research. 1973. 13. 2219-2234.

MANSFIELD, R. J. W. Psychophysics and the neural basis of
information processing. In H.-G. Geissler & Yu. M. Zabrodin
(Eds.), Advances in psychophysics. Berlin: Springer-Verlag.
1976.

MARROCCO, R. T. Maintained activity of monkey optic tract
fibers and lateral geniculate nucleus cells. Vision Research.
1972. 12, 1175-1181.

MARROCCO. R. T. Possible neural basis of brightness magnitude
estimations. Brain Research. 1975. 86. 128-133.

McGILL. W. J. Stochastic latency mechanisms. In R. D. Luce,
R. R. Bush. & E. Galanter (Eds.), Handbook of mathematical
psychology (Vol. I). New York: Wiley. 1963.

MEYER. D. E .. SCHVANEVELDT, R. W .• & RUDDY. M. G.
Loci of contextual effects on visual word recognition. In
P. Rabbit & S. Dornic (Eds.), Attention and performance V.
New York: Academic Press. 1975.

MILLER, J. 0 .. & PACHELLA. R. Locus of the stimulus probability
effect. Journal ofExperimental Psychology. 1973. 101. 227-231.

MURRAY. H. G. Stimulus intensity and reaction time: Evaluation
of a decision-theory model. Journal ofExperimental Psychology.
1970, 84. 383-391.

MURRAY. H. G .• & KOHFELD. D. L. Role of adaptation level in
stimulus intensity dynamism. Psychonomic Science. 1965. 3,
439-440.

NEELY. J. H. Semantic priming and retrieval from lexical
memory: Evidence for facilitatory and inhibitory processes.
Memory & Cognition. 1976. 4, 648-654.

NICKERSON. R. Intersensory facilitation of reaction time: Energy
summation or preparation enhancement? Psychological Review,
1973. 80.489-509.

NIEMI. P. The locus 0.( stimulus intensity effects in auditorv
and visual reaction processes. Unpublished master's thesi~,
Turku University. 1975.

NISSEN, M. J. M. Facilitation and selection: Two modes ot
sensory interaction. Unpublished master's thesis, University ~f
Oregon. 1974.

PACHELLA. R. G .. & FISHER, D: F. Effect of stimulus degradation
and similarity on the trade-off between speed and accuracy in



352 NISSEN

absolute judgments. Journal of Experimen tal Psychology, 1969,
81. 7-9.

PACHELLA, R. G., & MILLER, J. O. Stimulus probability and
same-different classification. Perception & Psychophysics,
1976. 19, 29-34.

POSNER, M. I. Psychobiology of attention. In M. Gazzaniga
& C. Blakemore (Eds.), Handbook ofpsychobiology. New York:
Academic Press, 1975.

POSNER. M. I., & BOIES, S. 1. Components of attention.
Psychological Review, 1971,78,391-408. •

POSNER, M. I., KLEIN, R. M., SUMME;RS, J. 1., & BUGGIE, S.
On the selection of signals. Memory & Cognition, 1973, 1, 2-12.

POSNER, M. I., NISSEN, M. J., & KLEIN, R. M. Visual dominance:
An information processing account of its origins and signifi
cance. Psychological Review, 1976, 83, 157-171.

POSNER, M. I., & SNYDER, C. R. R. Attention and cognitive
control. In R. Solso (Ed.), Information processing and cognition:
The Loyola symposium. Potomac, Md: Erlbaum, 1975.

RAAB, D., & FEHRER, E. Supplementary report: The effect of
stimulus duration and luminance on visual reaction time.
Journal ofExperimental Psychology, 1962, 64, 326-327.

RAAB, D., FEHRER, E., & HERSHENSON, M. Visual reaction
time and the Broca-Sulzer phenomenon. Journal of Experi
mental Psychology, 1961, 61, 193-199.

SANDERS, A. F. The foreperiod effect revisited. Quarterly Journal
ofExperimental Psychology, 1975, 27, 591-598.

SANFORD, A. Criterion effects in simple reaction time: Results
with stimulus intensity and duration manipulations. Journal of
Experimental Psychology, 1972, 95, 370-374.

SCHECHTER, G., & BUCHSBAUM, M. The effects of attention,
stimulus intensity and individual differences on the average
evoked response. Psychophysiology, 1973, 10, 392-400.

SCHWENT, V. 1.., HILLYARD, S. A., & GALAMBOS, R. Selective
attention and the auditory vertex potential: n. Effects of signal
intensity and masking noise. Electroencephalography and
Clinical Neurophysiology, 1976, 40, 615-622.

SPEISS, 1. Effects of preknowledge and stimulus intensity upon
simple reaction time. Journal of Experimental Psychology,
1973, 101, 109-115.

STEBBINS, W. c., & MILLER, J. M. Reaction time as a function
of stimulus intensity for the monkey. Journal of the Experi
mental Analysis of Behavior, 1964, 7, 309-312.

STERNBERG, S. The discovery of processing stages. In W. G.
Koster (Ed.), Attention and performance II. Amsterdam:
North-Holland, 1969. (Reprinted from Acta Psychologica,
1969, 30.)

STONE, J., & FABIAN, M. Summing properties of the eat's
retinal ganglion cells. Vision Research, 1%8, 8, 1023-1040.

STONE, J., & FUKUDA, Y. Properties of cat retinal ganglion
cells: A comparison of W-cells with X- and Y-cells. Journal
of Neurophysiology, 1974, 37, 722-748.

TEAS, D, C.; & KIANG, N. Evoked responses from the auditory
cortex. Experimental Neurology, 1964, 10,91-119.

TEICHNER. W. H.. & KREBS. M. J. Laws of the simple visual
reaction time. Psychological Review, 1972. 79. 344·3.51'.

TEPAS, D. I.. & ARMINGTON. J. C. Properties of evoked visual
potentials. Vision Research. 1962. 2. 449-461.

TEPAS, D. I., BOXERMAN, I.. A., & ANCH. A. M. Auditory
evoked brain responses: Intensity functions from bipolar human
scalp recordings. Perception & Psychophysics, 1972, 11,
217-221.

THRANE, V. Sensorv and preparatory factors in response latency:
I. The visual intensity function. Scandinavian Journal or
Psychology, 1960, 1, 82-96. (a)

THRANE, V. Sensory and preparatory factors in response latency:
II. Simple reaction or compensatory interaction? Scandinavian
Journal of Psychology, 1960, I, 169-176. (b)

THRANE, V. Sensory and preparatory factors in response latency:
III. Pre knowledge and regularity of stimuli as antecedent
variables. Scandinavian Journal of Psychology, 1961, 2, 30-44.

UENO, T. Reaction time as a measure of temporal summation
at suprathreshold levels. Vision Research, 1977, 17, 227-232.

VAUGHAN, H. G., COSTA, L. D., & GILDEN, L. The functional
relation of visual evoked response and reaction time to
stimulus intensity. Vision Research, 1966. 6,645-656.

VAUGHAN, H. G., & HULL, R. C. Functional relation between
stimulus intensity and photically evoked cerebral responses in
man. Nature, 1965, 206, 720-722.

WANDELL, B. A. Speed-accuracy tradeoff in visual detection:
Application of neural counting and timing. Vision Research,
1977,17,217-225.

,WINTERS, W., & HAMASAKI, D. 1. Comparison of LGN and
optic tract intensity-response functions. Vision Research. 1972,
12, 589-608.

WUNDT, W. Grundzuge der physiologischen Psychologie . Leipzig:
Engelmann, 1874.

NOTES

1. Bartlett and Dory (1974) also reported inhibitory luxotonic
and luminance units, in which firing rate decreased with increases
in luminance. Units showing intensity-dependent inhibition have
also been found in the optic tract and LGN (Marrocco, 1972).

2. The growth of sensory strength has been drawn as a linear
function here for simplicity. In Grice's model, sensory strength
grows according to a negatively accelerated function.

3. Grice, Hunt, Kushner, and Nullmeyer (1976) note that for
some subjects the associative process selectively inhibits in
formation from catch signals.
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