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Abstract

Fournier, L. R., Eriksen, C. W. and Bowd, C. (1998. Multiple feature discrimination faster

than single feature discrimination within the same object? Perception & Psychophysics 60,

1384±1405) found that judging the presence of multiple features within an object is faster than

judging the presence of the least discriminable of these features alone (multiple feature ben-

e®ts, MFBs). When an `absent' response is required, responses are slower when some of the

relevant (target) features are present (multiple feature costs, MFCs). The present study utilized

psychophysiological measures (of the event-related brain potential and the electromyogram)

to determine the contributions of response priming and stimulus evaluation processes (P300

latency) to these e�ects. P300 latency and reaction time (RT) both showed evidence of MFBs

and MFCs. These ®ndings suggest that MFBs and MFCs can be attributed to processing that

occurs prior to response selection. No dissociations between P300 latency and RT measures

were found for `present' responses across the single and multiple feature judgements. How-

ever, for `absent' responses, partial dissociations were found between these measures, and

partial errors and longer response execution intervals were observed more often when an

object contained some target features. These ®ndings suggest that response priming contrib-

utes to MFCs, but may not contribute to MFBs. Ó 2000 Elsevier Science B.V. All rights

reserved.
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1. Introduction

Fournier, Eriksen and Bowd (1998) have recently provided evidence that chal-
lenges the simple view that evaluating more information takes more time. In par-
ticular, they showed that judgements of the presence of two or more features within
an object can be faster and more accurate than judging the presence of the least
discriminable of these features alone. This phenomenon is referred to as `multiple
feature bene®ts'.

Fournier et al. found a clue to understanding these bene®ts by looking at the
judgements of subjects when one or more of the target features is not present in the
object. In these cases, an `absent' response is required, and these responses are
fastest and most accurate when none of the target features are present in the object.
However, performance su�ers when one or more of the target features are present,
especially as the discriminability of these target features present in the object in-
creases. For example, when subjects judge whether two features are present, per-
formance is especially poor if the more discriminable of the two features is present
in the object and the less discriminable of the two features is absent. These e�ects
on the latency and accuracy of `absent' responses are referred to as `multiple feature
costs'. Fournier et al. suggested that these costs may be attributed to response
priming, and associated response competition (e.g., Eriksen & Eriksen, 1974;
Miller, 1982a; Garner, 1988). It is suggested that the incorrect `present' response
may be primed by the more discriminable feature and competes with the correct
`absent' response. These `absent' response ®ndings gave rise to the idea that mul-
tiple feature bene®ts are possibly due to response priming and subsequent response
facilitation.

Before proposing the idea of response priming, Fournier et al. (1998) considered
and rejected several possible explanations of multiple feature bene®ts. Multiple
feature bene®ts do not appear to be due to the di�erential presentation frequency of
the target features (e.g., Nickerson, 1972), strategic weighting of decisions based on
the more discriminable target feature(s), or contingencies related to target feature
expectancies across feature judgements. However, Fournier et al. found that multiple
feature bene®ts were greater when target features were consistently mapped, which
again implicated a response priming explanation.

An asynchronous response priming model (AP), similar to the asynchronous
discrete model discussed by Miller (1982a), was proposed as one account for both
multiple feature bene®ts and costs. This model assumes that all stimulus features
within an object are processed in a parallel, independent fashion, and that each
feature primes its task relevant response (e.g., `present' or `absent'). In addition, this
model assumes that the growth rate of feature-response priming depends on target
feature discriminability. Target features that are relatively easy to discriminate are
assumed to prime responses on average before features that are more di�cult to
discriminate (Miller, 1982a; Grice, Boroughs & Canham, 1984; Grice, Canham &
Schafer, 1982). The earlier a response is primed, the sooner the criterion for an overt
response can be met, when evidence from other features leads to the priming of the
same response (Miller, 1982a,b).
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The AP model predicts that when target features vary in discriminability, re-
sponse priming can either facilitate or hinder the execution of the correct, overt
response. If response priming from each target feature is consistent with the correct
response, the response will be facilitated and multiple feature bene®ts will be ob-
served. That is, response priming by target features that are less discriminable can
bene®t from early response priming by target feature(s) that are more discriminable.
If, however, response priming arising from each target feature is not compatible
with the correct response, the correct response will be slowed because incorrect
response priming will have to be overridden (Eriksen & Eriksen, 1974; Garner,
1988). This will lead to multiple feature costs.

This response priming account of multiple feature bene®ts and costs was based on
measures of overt performance (reaction time and accuracy). However, these measures
can be a�ected by processes other than response priming, including encoding and
stimulus evaluation. Thus, to evaluate whether the e�ects occur at the level of response
processing, it would be helpful to utilize measures that are di�erentially sensitive to
these di�erent kinds of processes. In the present study, we adopted the psychophysi-
ological approach (Coles, Gratton, Bashore, Eriksen & Donchin, 1985; Gratton,
Coles, Sirevaag, Eriksen & Donchin, 1988; Miller, 1991; Smid, Mulder & Mulder,
1990) to disentangle the possible contributions of response priming and stimulus
evaluation to the multiple feature bene®ts and costs found by Fournier et al. (1998).

Psychophysiological evidence for response priming can be obtained by electr-
omyographic (EMG) measures from the responding limbs. Furthermore, partial
overt responses can be detected if subjects are required to respond by exerting a force
on a dynamometer (by squeezing) rather than by moving a hand-lever. The force
output from the dynamometer provides a measure of response activation that may
or may not exceed the force necessary to exceed the criterion force level needed for a
complete response to be registered (see Coles et al., 1985, for an application of these
measures to the Eriksen ¯ankers task, Eriksen & Eriksen, 1974; see also Coles,
Sche�ers & Fournier, 1995).

If response priming contributes to multiple feature bene®ts and costs, correct RT
latency should increase as the degree of response error increases (with degree of error
being de®ned in terms of incorrect EMG activity alone or both incorrect EMG and
incorrect squeeze activity). Thus, the execution of the correct response should be
especially delayed when incorrect responses are primed to the level of overt move-
ment (i.e., a squeeze). In addition, if the assumptions of the AP model are correct,
the incidence of these incorrect responses (EMG and squeeze) should increase as the
discriminability of each feature mapped to the incorrect response increases. Thus,
when an `absent' response is required, `absent' response errors should increase and
correct `absent' response activation should be delayed as the discriminability of each
target feature(s) present in the object increases.

To evaluate the contribution of stimulus-related processing to multiple feature
bene®ts and costs, we used a di�erent physiological variable, the P300 component
of the event-related brain potential (cf. Coles et al., 1985). The peak amplitude
latency of the P300 component has been shown to be an e�ective index of stimulus
evaluation time and to be relatively immune to response selection processes (Kutas,
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McMcarthy & Donchin, 1977; McCarthy & Donchin, 1981; but see Verleger,
1997). 1 In the present study, we will use the P300 latency measure to determine
whether faster stimulus-related processing contributes to multiple feature bene®ts.
Speci®cally, we will determine whether the decreases in RT found for multiple fea-
ture bene®ts are paralleled by decreases in P300 latency.

The present study is a partial replication and extension of the experiment by
Fournier et al., (1998, Experiment 2). Subjects were required to judge the presence of
one, two or three features within an object. The object was a letter that varied in
color (red or green), shape (S or C), and size (large or small). The size dimension was
made di�cult to discriminate, color was easiest to discriminate, and shape was in-
termediate in discriminability. A message indicated which feature or features were
targets at the start of each trial. For example, the message `red S' instructed the
subject to judge whether the object contained the designated target features of `red'
and `S'. The `present' response was required when all target features were present
within the object (`red' and `S'), while the `absent' response was required when one or
more of the target features were absent (e.g., `green' and `S'). `Present' and `absent'
responses were made by squeezing one of two dynamometers with left or right hands.
As noted above, we derived measures of the electromyogram (EMG), squeeze force,
and the event-related potential (P300 latency) as well as the usual measures of RT
and accuracy. The new measures were added to determine the relative contributions
of response priming and stimulus evaluation to the multiple feature bene®ts and
costs found by Fournier et al. (1998).

2. Methods

2.1. Subjects

Four male and three female students of the University of Illinois served as paid
volunteers. All were right handed (by self-report), had normal or corrected vision (by
self-report), and had normal color vision as assessed by Ishihara's (1992) test for
colour-blindness. One female subject did not complete the experiment because we
failed to obtain a clear P300 for her during the practice session.

1 The use of P300 latency as a measure of stimulus-evaluation time has recently been criticized by

Verleger (1997) and Leuthold and Sommer (1998). While it is beyond the scope of the present paper to

address the points made in these two papers, it is su�cient to point out that measures of reaction time and

P300 latency are sometimes associated and sometimes dissociated. This implies that those processes that

determine the latency of an overt response are sometimes coupled and sometimes decoupled from those

that determine the latency of P300. In the present study, we focus on the presence or absence of coupling

and argue that decoupling implies that a process or processes that are not involved in the generation of

P300 must contribute to the timing of the response. Because other sources of evidence (EMG data and the

incidence of di�erence kinds of errors) implicate response-related processes as contributing to variation in

reaction time when we observe P300/RT decoupling, we have corroborating evidence within the present

data set to support the claim that P300 latency is immune to these kinds of processes.
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2.2. Apparatus and stimuli

Stimuli were presented on a computer monitor. A white ®xation dot appeared
continuously in the center of the monitor. A written message, indicating which target
feature(s) were to be judged, appeared 0.33° below the ®xation dot. The message was
colored white, written in the Courier New font, and subtended between 0.40 and 3.0°
visual angle. The letter stimulus (probe) appeared 0.33° above the ®xation dot. The
features of the letter probe varied on three di�erent dimensions; shape (S or C), size
(large or small), and color (red or green). The large letters were drawn in the Ariel
font and were 0.33° in height, while the small letters were drawn in the Bookman Old
Style font and were 0.27° in height (a 25% size di�erence). Note that the probe letters
S and C were drawn in a di�erent font than the letters in the message, and the height
of the message characters were intermediate between the height of the large and
small letter probes.

Subjects registered their response by squeezing zero-displacement dynamometers.
Dynamometers were mounted on the left and right arm-rests of the chair in which
subjects were seated. The dynamometers were connected to an ampli®er system
(Daytronic Linear Velocity Force Transducers, Model 152A, with Conditioner
Ampli®ers, Model 830A; see Kutas & Donchin, 1977). The voltage output of the
ampli®er was a linear function of the force applied to the dynamometers which
provided a continuous measure of overt response activation. The squeeze force
threshold for a criterion overt response (reaction time response) was set at 25% of the
subject's maximum voluntary squeeze force which was assessed before the experi-
ment began. A tone was presented over a loud speaker during the practice session
when the force criterion was exceeded in order to help subjects learn the criterion
force level. The latency and accuracy of criterion squeezes were recorded on every
trial.

2.3. Physiological recording

The electroencephalogram (EEG) was recorded with disposable Ag/AgCl elec-
trodes from Fz, Cz, Pz, Oz and the right mastoid (the international 10/20 system,
Jasper, 1958), and C30 and C40 (placed 4 cm to the left and right of Cz, respective-
ly). 2 Each of these electrodes was referenced to an electrode placed on the left
mastoid. The electrooculogram (EOG) was recorded from electrodes placed above
and below the right eye to monitor vertical eye movements and from electrodes
placed on the outer canthus of the left and right eye to monitor horizontal eye
movements. The impedance for EEG and EOG electrodes was less than 5 kX. EOG
and EEG ampli®ers (Grass model 7P122) were set to a high-frequency cut-o� of
35 Hz (3 dB/octave roll-o�) and a time-constant of 8 s. The electromyogram (EMG)
was recorded from electrodes (impedance <10 kX) placed on the ¯exors of both the

2 Unfortunately, the lateralized readiness potential (LRP), which provides a measure of response

priming e�ects, could not be calculated reliably due to poor signal quality at the C3 and C4 electrodes.
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left and right forearm (Lippold, 1967). EMG signals were recti®ed using Grass
Model 7P3B preampli®ers (1/2 amplitude low-frequency cut-o� at 1 Hz) and then
integrated (full-wave recti®cation and a time-constant of 0.05 s). All signals (EEG,
EOG, EMG, and output from the force transducers) were sampled continuously at
200 Hz. The recording epoch (duration 1500 ms) began 250 ms before onset of the
task relevant stimulus. Eye-movement artifacts were corrected using the procedure
described by Gratton, Coles and Donchin (1983) and extended by Miller, Gratton
and Yee (1988).

2.4. Procedure

At the start of each trial, a message was displayed for 500 ms below the ®xation
point indicating which speci®c one, two, or three target features subjects were to
judge as present or absent. The letter probe (duration 50 ms) was presented above
the ®xation dot, 1500 ms after the message. Subjects had a 1300 ms interval to re-
spond and were instructed to respond quickly and accurately. The next trial began
700 ms after the response interval elapsed.

Half the subjects squeezed with their right-hand when the target feature(s) was
present and with their left-hand when the target feature(s) was absent. The other half
of the subjects received the opposite response assignment. A `present' response was
required when all of the target features were present, and an `absent' response was
required if any one target feature was absent.

Subjects looked for a di�erent target feature or combination of target features on
each trial. There were constraints on the selection of objects such that each subject
judged the presence or absence of each possible one-feature (`S', `C', `large', `small',
`red', and `green'); each possible two-feature combination (`large green', `small red',
`small green', `large S', `large C', `small S', `small C', `red S', `green S', `red C', and
`green C'), and each possible three-feature combination (`large, red S', `large, red C',
`small, red S', `small, red C', `large, green S', `large, green C', `small, green S', and
`small, green C'). The possible number of letter probes that were mapped to the
`present' response varied among the one-, two-, and three-feature judgements. In the
one-feature judgements, four of the eight di�erent letter probes were mapped to
the `present' response. For example, if the target feature was `red', the letter probes
`large, red S', `small, red S', `large, red C', and `small, red C' were mapped to the
`present' response. In the two-feature judgements, two of the eight di�erent letter
probes were mapped to the `present' response. For example, if the target features
were `red S', the letter probes `large, red S' and `small, red S' were mapped to the
`present' response. In the three-feature judgements, one of the eight di�erent letter
probes was mapped to the `present' response. For example, if the target features were
`large, red S', the letter probe `large, red S' was mapped to the `present' response.

There were 96 one-feature, 96 two-feature, and 32 three-feature judgement trials
that occurred randomly across four sequential blocks of 56 trials. Letter probes also
occurred randomly, with the constraint that conditions requiring `present' or `absent'
responses were presented with equal frequency across the one-, two-, and three-
feature judgements across these four sequential blocks. In each of the six one-feature
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judgements, 16 probes were presented (each of the four probes requiring a present
response were presented twice and each of the four probes requiring an `absent'
response were presented twice). Thus, the color alone, shape alone, and size alone
judgements each contained 16 letter probe presentations with a `present'/`absent'
response ratio of 8/8 across four sequential blocks. For each of the 12 two-feature
judgements, eight probes were presented (each of the two probes requiring a
`present' response were presented twice, and four of the six probes requiring an
`absent' response were presented once). Thus, the two-feature judgements of size and
shape, color and shape, and color and size each contained eight probe presentations
with a `present'/`absent' response ratio of 4/4 across four sequential blocks. For each
of the 8 three-feature judgements, four probes were presented (the probe that was
mapped to the `present' response was presented twice and two of the six probes
mapped to the `absent' response were presented once each). The probe that con-
tained all three features di�erent than the three-feature judgement was never
presented in order to equate the `present' and `absent' response ratio. Thus, the
three-feature judgements each contained four probe presentations with a `present'/
`absent' response ratio of 2/2 across four sequential blocks. In addition, all possible
probes requiring an `absent' response in the two- and three-feature judgements were
balanced across 12 blocks of trials, and no three identical feature judgements or
probes appeared sequentially within a block.

Subjects completed one practice session and three experimental sessions across
four to six days. The practice session consisted of two parts. First, subjects com-
pleted 12 blocks of 56 trials of the experimental task described above. After each
trial, subjects received RT and accuracy feedback. This was done to encourage
subjects to be both fast and accurate. Second, EEG was recorded from each subject
while they performed a standard oddball task (e.g., Duncan-Johnson & Donchin,
1977). In this task, letters (similar to those used in the experimental session) appeared
sequentially above a ®xation dot. Subjects were to keep a mental count of the
number of red Ss that appeared above ®xation (red Ss appeared approximately 20%
of the time). If subjects did not produce a clear P300 on trials in which a red S
occurred, they did not participate in the experimental trials. This only occurred for
one of our seven subjects, as mentioned earlier.

The experimental sessions consisted of 16 blocks of 56 trials and required 2±3 h to
complete. Before the start of the experimental trials, subjects completed one block of
warm-up trials in which RT and accuracy feedback was given after each trial. During
the experimental trials, subjects received mean accuracy and RT feedback after each
block of trials. They received a 5 min break after blocks 4 and 12, and a 1/2 h break
after block 8.

2.5. Data analysis

Response measurements. Responses were evaluated using the integrated EMG
activity for the left and right forearm ¯exor muscles and measures of squeeze force
from the left and right dynamometers. A computer algorithm measured EMG onset,
squeeze onset and RT (the latency at which the squeeze force exceeded the criterion)
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on each trial (Sche�ers, Coles, Bernstein, Gehring & Donchin, 1996). First, the
amount of variability in the signals prior to stimulus presentation was determined.
Standard deviations of the signal for each sample point in the 100 ms pre-stimulus
baseline were computed across the current trial and the ®ve preceding and suc-
ceeding trials. Pilot work suggested that a criterion equal to ten times the 80th
percentile of these standard deviations provided an acceptable cut-o� between signal
and noise. Second, the algorithm determined the maximum amplitude between 70 ms
and 1000 ms that exceeded the noise criterion. The latency of this sample point was
considered to be the latency of the peak response. Third, the algorithm searched
backward until it encountered the ®rst sample point below the noise criterion. From
this point on, the backward search was continued until the last point before the slope
changed direction. The latency of this point was considered the onset latency of the
response. Trials were discarded if the interval between onset and peak latency was
larger than 400 ms, if a squeeze onset preceded an EMG onset, or if squeeze onset
was 150 ms longer than EMG onset.

P300 latency measurement. P300 latency was measured on the single trial by
examining event related potential (ERP) waveforms recorded at the Pz electrode site.
The single-trial ERPs were ®ltered using a low-pass digital ®lter with 99 points and a
transition-band from 4±6 Hz (see Farwell, Martinerie, Bashore, Rapp & Goddard,
1993). P300 latency was de®ned as the latency of the most positive value in a window
from 250 to 700 ms after stimulus onset. P300 amplitude was de®ned as the am-
plitude of this point relative to the average amplitude of the ERP in a 100 ms pre-
stimulus baseline. There were no main e�ects of the experimental variables on P300
amplitude. Thus, e�ects of these variables on P300 latency cannot be attributed to
di�erential sensitivity of the peak picking algorithm caused by variability in P300
amplitude.

Statistics. Repeated-measures analysis of variance (ANOVAs) were performed
with the factors of response (2 levels: `present' and `absent') and feature judgement
(7 levels: size, shape, color, size and shape, size and color, color and shape, and three-
feature). In addition, repeated-measures ANOVAs were conducted on correct `ab-
sent' response trials for each of the two-feature judgements and the three-feature
judgement based on which target features were present in the object (target feature(s)
present). The levels of the target feature(s) present factor were as follows: the two-
feature size and shape judgement had 3 levels: shape, size, and none; the two-feature
size and color judgement had 3 levels: color, size, and none; the two-feature color and
shape judgement had 3 levels: color, shape, and none; and the three-feature judgement
had 6 levels: color and shape, size and color, size and shape, color, shape, and size.

3. Results

3.1. Overt behavioral data

In this section, we consider the results for RT (latency of a criterion squeeze) and
accuracy. These results, shown in Fig. 1, replicated those reported by Fournier et al.
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(1998). A repeated measures ANOVA (Response (`present'/`absent') X Feature
judgement (7)) was performed on both mean correct RTs and percent errors. A
signi®cant main e�ect of feature judgement indicated that the discriminability of the
target features a�ected RT and accuracy (F(6, 30)� 14.94 and 27.33, P < 0.001, re-
spectively). Scrutiny of the means shown in Fig. 1 reveals that, for the one-feature
judgements, responses were fastest for color, slowest for size, and intermediate in
speed for shape (planned F comparisons, P's < 0.05). Also, one-feature judgements
of color and shape were both more accurate than size (planned F comparisons,
P's < 0.01). These di�erences re¯ect the fact that features were deliberately chosen so
that color was easiest to discriminate, size was the most di�cult to discriminate, and
shape was intermediate in discriminability. For two-feature judgements, the most
accurate responses were observed when the two more discriminable features (color
and shape) were targets, and responses were fastest when the most discriminable
feature (color) was one of the targets (planned F comparisons, P's < 0.05). There was
also a signi®cant main e�ect of response indicating that `present' responses were
faster than `absent' responses (F(1, 5)� 49.68, P < 0.01 for RT).

Finally, the signi®cant interaction between response and feature judgement in-
dicated that the di�erence between `present' and `absent' responses increased as the
number of target features increased, (F(6, 30)� 5.94 and 5.60, P < 0.001 for RT and
accuracy respectively, see Fig. 1). `Absent' responses were substantially slower than
`present' responses for the two- and three-feature judgements relative to the one-
feature judgements (planned F comparisons, P's < 0.05). The error rates were also
greater for `absent' trials than for `present' trials when two- and three-feature
judgements were required (planned F comparisons, P's < 0.05). Because trends across
feature judgements varied between `present' and `absent' responses, these trends were
evaluated within each response by planned F comparisons.

Fig. 1. Mean correct RT and percent error for `present' and `absent' responses across the feature

judgements.
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Present responses. Consistent with the ®ndings of Fournier et al. multiple feature
bene®ts were found for `present' responses (see Figs. 1 and 2). These bene®ts were
in¯uenced by target feature discriminability and by the combination of target fea-
tures. When subjects were required to judge the presence of a conjunction of fea-
tures, in which one feature was relatively di�cult to discriminate and one feature was
relatively easy to discriminate, their RTs were generally faster and more accurate
than when they judged the presence of the less discriminable feature alone. More
speci®cally, `present' responses for the two-feature size and color and two-feature
size and shape judgements were faster and more accurate than the size alone judg-
ements (23 and 22 ms faster, respectively, P's < 0.05). In addition, the two-feature
color and shape judgement was no di�erent in latency but was slightly, although
insigni®cantly, more accurate (1.2%) than the shape alone judgement (P� 0.20).
Finally, the `present' response latency for the three-feature judgement (involving size,
shape, and color) was faster and more accurate than the two-feature size and shape
and size alone judgements (22 and 44 ms faster, respectively, P's < 0.05). In addition,
the three-feature judgement was 21 ms faster and was more accurate than the size
and color judgement; however, only the accuracy di�erence approached signi®cance
(P� 0.10 for RT and P� 0.06 for accuracy).

Absent responses. Fig. 3(a)±(d) shows the `absent' RT and accuracy data for each
of the two-feature judgements and the three-feature judgement according to which
target features were present. A repeated measures ANOVA (target feature(s) pre-
sent) was carried out on correct `absent' response latencies and percent accuracy for
the three-feature and each of the two-feature judgements. As shown in Fig. 3(a)±(d),
performance was in¯uenced by the di�erential discrimination and number of the
target features present in the object. In particular, when the most discriminable

Fig. 2. Mean correct response latency (EMG onset, squeeze onset, and RT) and P300 latency for `present'

responses across the feature judgements.
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target feature(s) (e.g., color and/or shape) was present and the least discriminable
target feature (e.g., size) was absent, performance su�ered. This was true for the
three-feature judgement (F(5, 25)� 16.05 and 8.87, P < 0.001 for RT and accuracy,
respectively), the two-feature size and color judgement (F(2, 10)� 55.18 and 33.06,
P < 0.001 for RT and accuracy, respectively), and the two-feature size and shape
judgement (F(2, 10)� 54.65, P < 0.001 for RT and F(2, 10)� 11.20, P < 0.01 for
accuracy). In addition, correct `absent' responses were slower and errors were greater
in the two-feature color and shape judgement (F(2, 10)� 14.20, P < 0.01 for RT and
F(2, 10)� 5.7, P < 0.05 for accuracy) when the more discriminable target feature (i.e.,
color) was present and the less discriminable target feature (i.e., shape) was absent.

Summary of overt behavior. Taken together, these results indicate that perfor-
mance is in¯uenced by the discriminability of target features that are present in the

Fig. 3. Mean correct response latency (EMG onset, squeeze onset, and RT) and P300 latency for `absent'

responses based on which target feature or combination of target features were present in the object. Plots

(a), (b), and (c) represents the two-feature color and shape, size and color, and size and shape judgements,

respectively, while plot (d) represents the three-feature (size, color and shape) judgement.
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object. When the discriminability of target features present in the object increase,
correct `present' responses are generally faster and more accurate while correct
`absent' responses are slower and less accurate. These data are consistent with those
reported by Fournier et al. (1998). In addition, the correct EMG and squeeze onset
response trends are consistent with those found for correct RTs (See Figs. 2 and 3).
Squeeze onset latencies occurred approximately 70 ms before a criterion squeeze
was reached, and EMG onset latencies occurred approximately 30 ms before
squeeze onsets across feature judgements and response conditions. These latter
®ndings show that the RT pattern for correct `present' and `absent' responses
across the di�erent feature judgements also occurs at the earlier stages of response
execution.

We can now examine the contributions of response priming processes and stim-
ulus evaluation processes to the multiple feature bene®ts found for `present' re-
sponses and to the multiple feature costs found for `absent' responses. This
examination involves separate sets of analyses within the two response types.

3.2. Multiple feature bene®ts for present responses

P300 latency. Fig. 4 shows the P300 waveforms for the single feature judgements
and the three-feature judgement for each subject. Note that P300 peak latency was
shorter for the three-feature judgement compared to the P300 peak latency for the
size alone judgement. To determine whether P300 latency varied across the dif-
ferent feature judgements, a repeated measures ANOVA (feature judgement (7))
was performed on P300 latencies obtained from the ERP waveforms for correct,
`present' trials. A signi®cant main e�ect of feature judgement (F(6, 30)� 27.34,
P < 0.001) was found. As Fig. 2 shows, P300 latency trends across the feature
judgements for `present' responses were remarkably similar to those found for
RTs.

P300 latencies for correct one-feature judgements were shortest for color
(M� 426 ms), longest for size (M� 498 ms), and intermediate for shape (M� 441
ms); planned F comparisons, P's < 0.05. Thus, as would be expected of a measure of
stimulus evaluation time, P300 latency was dependent on feature discriminability. In
addition, P300 latencies were shorter when two or more features were present within
an object compared to when the least discriminable of these features alone was
present. More speci®cally, P300 latencies for the two-feature color and shape, size
and color, and size and shape judgements occurred earlier than those for the size
alone judgement (47, 18, and 34 ms earlier, respectively; planned F comparisons,
P's < 0.05). The P300 latency for the two-feature color and shape judgement, how-
ever, occurred slightly later than that for the shape alone judgement (9 ms slower;
planned F comparison, P < 0.05). Finally, the P300 latency for the three-feature
judgement occurred earlier than the two-feature size and shape, two-feature size and
color, and size alone judgements (9, 16, 34 ms earlier, respectively; planned F
comparisons, P's < 0.05). Thus, the multiple feature bene®ts, evident in shorter RTs,
are associated with shorter P300 latencies. This suggests that these bene®ts are
associated with a reduction in stimulus evaluation time.

130 L.R. Fournier et al. / Acta Psychologica 104 (2000) 119±142



Relationship between P300 latency and RT. If stimulus evaluation alone can
account for multiple feature bene®ts, then the di�erence between P300 latencies and
response latencies for correct `present' responses should be constant across the one-,
two-, and three-feature judgements. A repeated measures ANOVA (feature judge-
ment) conducted on P300 latency-RT di�erences for correct `present' responses (see
Fig. 2) showed no main e�ect of feature judgement, F(6, 30)� 0.66, P� 0.68. Thus,
the interval between the P300 and reaction time did not vary as a function of feature
judgement.

These ®ndings fail to show that response priming processes contribute to multiple
feature bene®ts. The lack of variation in the interval between P300 and RT suggests
that the RT response is being released at similar times relative to the stimulus
evaluation process. In particular, the P300±RT interval was not shorter in the three-
feature judgement relative to the one-feature judgement of size alone, suggesting that
there was no contribution of response priming processes. This ®nding is not con-
sistent with the AP model discussed by Fournier et al. (see also Miller, 1982a,b).

Fig. 4. `Present' response P300 waveforms for the size, shape, color, and three-feature (3D) judgements for

each of the six subjects.
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However, because P300 latencies were in¯uenced by the particular discrimination
requirements, this indicates that processes prior to response selection contribute to
multiple feature bene®ts.

3.3. Multiple feature costs for absent responses

Degree of error activation for absent responses. We proposed earlier that the
multiple feature costs observed for `absent' responses could be attributed to the
presence of incorrect response activity (and possibly associated response competi-
tion) on trials where features of the stimulus were associated with the incorrect,
`present' response. To evaluate these ideas, we began by classifying each trial ac-
cording to the degree of error activity as follows (cf. Coles et al., 1985): (a) no in-
correct response activity present (pure correct); (b) incorrect response activity
evident in the EMG measure only (EMG error); (c) incorrect response activity evi-
dent in the EMG and response force measures, but the response force is below the
criterion for an incorrect response to be registered (squeeze error); (d) incorrect re-
sponse activity evident in EMG and response force measures, and the response force
exceeded the criterion (RT error).

Unfortunately, there were few observations of squeeze error and EMG error (and
in some cases, no observations) for all the individual feature judgements for all
subjects. Thus, the e�ects of degree of error on correct RT latency within each
feature judgement could not be evaluated. Instead, we aggregated the data over all
feature judgements and then examined the e�ect of the degree of incorrect activity on
correct RT. Results showed that correct RTs were slowest when squeeze errors were
present (M� 578 ms), were fastest when no peripheral error activity was present
(M� 453 ms, pure correct), and were intermediate when EMG error only was pre-
sent (M� 473 ms, F(2, 10)� 18.37, P < 0.001). This ®nding demonstrates that there
is an association between correct response delays and the degree of error activity;
longer correct responses are associated with higher degrees of incorrect response
activity.

It should be noted that by aggregating the data, the degree of error classi®cation
may be confounded with the factor of feature judgement. For example, pure correct
trials may have occurred more often in conditions where RT was fastest and squeeze
error trials may have occurred more often in conditions where RT was slowest. Thus,
the di�erence between the correct RTs associated with di�erent degrees of error may
simply re¯ect a condition e�ect on RT. However, it is important to note that, in
several previous studies, we have observed a relationship between degree of error and
RT, when there was no condition confound (see Coles et al., 1985; Fournier,
Sche�ers, Coles Adamson & Vila, 1997).

The AP model predicts that the degree of error activity should increase for correct
`absent' responses as the number and discriminability of target features present
within the object increase. The percent of total trials containing each of the four
levels of error activity (pure correct, EMG error, squeeze error, and RT error) were
analyzed according to which of the target features were present when an `absent'
response was required. Figs. 5 (two-feature judgements) and 6 (three-feature
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judgement) show the percent of total `absent' response trials containing the three
levels of error activity (EMG error, squeeze error, and RT error) when a target
feature(s) was present in the object.

Repeated measures ANOVAs were used to evaluate the degree of error pro®les
for the three-feature and each of the two-feature `absent' response judgements. There
was a signi®cant main e�ect of error activity for the three-feature (F(3, 15)� 114.10,
P < 0.001), and the two-feature color and shape (F(3, 15)� 130.16, P < 0.001),
size and color (F(3, 15)� 98.34, P < 0.001), and size and shape judgements
(F(3, 15)� 115.57, P < 0.001) indicating that in all cases pure correct `absent' trials
occurred overall most frequently, followed by EMG errors, followed by RT errors,

Fig. 5. The percent of total trials containing the three levels of error activity (EMG error, squeeze error,

and RT error) according to which target feature or combination of target features were present in the

object when an `absent' response was required. This plot represents the two-feature color and shape, size

and color, and size and shape judgements, respectively.

Fig. 6. The percent of total trials containing the three levels of error activity (EMG error, squeeze error,

and RT error) according to which target feature or combination of target features were present in the

object when an `absent' response was required. This plot represents the three-feature (size, color and

shape) judgement.
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followed by squeeze errors. In addition, there was an error activity X Target feature
present interaction for the three-feature (F(15, 75)� 6.50, P < 0.001) and the two-
feature color and shape (F(6, 30)� 4.15, P < 0.01), size and color (F(6, 30)� 7.98,
P < 0.001), and size and shape judgements (F(6, 30)� 10.37, P < 0.001). These ®nd-
ings indicate that the pro®le of error activity for both the three-feature and two-
feature judgements varied as a function of which of the target features was present.
In particular, squeeze and RT errors were more probable in the three-feature and in
the two-feature size and color and two-feature size and shape judgements when the
most discriminable target feature(s) (i.e., color and/or shape) was present and the
least discriminable target feature (i.e., size) was absent. In addition, the two-feature
color and shape judgements contained more squeeze and RT errors when the more
discriminable target feature (i.e., color) was present and the less discriminable target
feature (i.e., shape) was absent. Consistent with the AP model, increases in the
number and discriminability of target features that were present in the object sig-
ni®cantly increased the incidence of trials with incorrect partial and complete
squeeze responses. Because similar di�erences were not found for EMG errors, these
®ndings suggest that competition e�ects may have occurred during the later part of
the response execution interval.

Another way of investigating the presence of response competition is to examine
the interval between the various events that de®ne the process of response execution.
These intervals include EMG onset±squeeze onset, EMG onset±RT, squeeze onset±
RT, and squeeze onset±squeeze peak. If response competition a�ects `absent' re-
sponse execution, we would expect to ®nd longer intervals when one or more of the
target features is present compared to the situation when all target features are absent.
Repeated measures ANOVAs were used to evaluate the response execution intervals
for the three-feature and each of the two-feature `absent' response judgements. These
mean intervals for each judgement based on which target features were present are
contained in Table 1. No variations in the response execution interval of EMG onset±
squeeze onset were found for the two-feature and three-feature judgements. However,
variations in the EMG onset±RT and squeeze onset±RT intervals were found for the
two-feature size and color judgement (F(2, 10)� 5.03 and F(2, 10)� 6.64, P's < 0.05,
respectively). These intervals were shorter when no target features were mapped to the
incorrect, present response as opposed to when one feature (i.e., size or color) was
mapped to the incorrect, present response. In addition, the `absent' squeeze onset±
squeeze peak interval was shorter for the two-feature color and size and two-feature
size and shape judgements when no target features were mapped to the incorrect,
present response relative to when at least one feature was mapped to the incorrect,
present response (F(2, 10)� 3.80, P < 0.06 and F(2, 10)� 4.84, P < 0.05, respectively).
This interval was also shorter for the three-feature judgement when the least dis-
criminable feature of size alone was mapped to the incorrect, present response
compared to when any other feature was mapped to the incorrect, present response
(F(5, 25)� 2.85, P < 0.05). Since the dynamics of response execution are in¯uenced by
the presence of features (and in one case the discriminability of features) associated
with the incompatible response, these ®ndings provide some evidence for response
competition, consistent with the AP model. Furthermore, it is interesting to note that
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the later component of the overall response execution interval (i.e., squeeze onset±
squeeze peak) was more sensitive to target feature mapping di�erences than the earlier
component (i.e., EMG onset±squeeze onset, EMG onset±RT, and squeeze onset±
RT). It appears therefore, that response competition e�ects are evident later rather
than earlier in the process of response execution.

To summarize, the results reviewed in this section suggest that (a) correct `absent'
responses were delayed when incorrect squeeze activity occurred, (b) the probability
of incorrect squeeze activity increased as the number and discriminability of the
target features present in the object increased, and (c) the response execution interval
for `absent' responses, especially the later part of this interval, was in¯uenced by the
compatibility of target feature response mapping. These ®ndings are consistent with
the notion that response competition is at least partially responsible for the delays in
correct `absent' RTs. In addition, the data are congruent with the idea that the
amount of response competition tends to increase as the number and discriminability
of features priming the incorrect response increases.

Table 1

Mean latency (MS) for the di�erent response execution intervals for `absent' responses, based on which

target features were present

Target features present, color and shape judgement

Color Shape None

EMG onset±SQa onset 30.99 28.61 28.38

EMG onset±RT 99.11 95.23 92.98

SQ onset±RT 68.12 66.62 64.61

SQ onset±SQ peak 142.49 143.86 137.55

Target features present, size and color judgement

Color Size None

EMG onset±SQ onset 29.49 28.70 27.89

EMG onset±RT 95.57 95.44 91.43��

SQ onset±RT 66.09 66.74 63.54��

SQ onset±SQ peak 146.30 141.24 137.74�

Target features present, size and shape judgement

Shape Size None

EMG onset±SQ onset 31.67 30.09 27.60

EMG onset±RT 98.80 97.90 91.48

SQ onset±RT 67.13 67.81 63.89

SQ onset±SQ peak 146.00 142.43 135.34��

Target features present, three-feature judgement

Colour,

Shape

Size,

Colour

Size,

Shape

Color Shape Size

EMG onset±SQ onset 32.06 27.79 29.06 27.57 30.16 27.63

EMG onset±RT 100.07 92.59 94.51 93.45 94.80 91.20

SQ onset±RT 68.01 64.80 65.44 65.88 64.71 63.57

SQ onset±SQ peak 146.49 142.77 142.92 144.42 143.70 135.50��

a Note: SQ� Squeeze.
** Signi®cant (P < 0.05).
* Signi®cant (P < 0.06)
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P300 latency. P300 latencies for correct `absent' responses in each of the two-
feature judgements and in the three-feature judgement are presented in Fig. 3(a)±(d).
In each case, the e�ect of which target features were present is shown. A separate
repeated measures ANOVA (with target feature present as the independent variable)
was performed on these data for the three-feature and each of the two-feature
judgements. There was a main e�ect of target feature present in the three-feature
judgement (F(5, 25)� 13.31, P < 0.05) and in the two-feature color and shape (F(2,
10)� 6.56, P� 0.05), size and color (F(2, 10)� 6.15, P < 0.05), and size and shape
judgements (F(2, 10)� 7.82, P < 0.01). As with correct RT, P300 latency decreased
as the number and discriminability of target features that were present in the object
decreased. However, the RT and P300 latency bene®ts observed under these con-
ditions were not of the same magnitude.

Relationship between P300 latency and RT. Increasing the discriminability of
target features present in the object in¯ated correct `absent' RTs relatively more than
P300 latency. This pattern is clearly seen in Fig. 3(a)±(d). Separate repeated measures
ANOVAs (with target feature(s) present as the independent variable) were per-
formed on P300±RT latency di�erences for correct `absent' responses in the three-
feature and each of the two-feature judgements. Reaction times su�ered more
relative to P300 latency in the three-feature (F(5, 25)� 4.66, P < 0.01), the two-fea-
ture size and color (F(2, 10)� 29.65, P < 0.001), and the two-feature size and shape
(F(2, 10)� 8.22, P < 0.01) judgements when the most discriminable target feature(s)
(i.e., color and/or shape) was present and the least discriminable target feature (i.e.,
size) was absent. Reaction times also su�ered more in the two-feature color and
shape judgements (F(2, 10)� 5.30, P < 0.05) when the more discriminable target
feature (i.e., color) was present and the less discriminable target feature (i.e., shape)
was absent. These data indicate that there is a dissociation between RT and P300
latency with respect to the e�ects of the number and discriminability of the target
features present when an `absent' judgement is correct. The pattern of the dissoci-
ation indicates that RT is a�ected by factors beyond those that a�ect P300 (i.e.,
stimulus evaluation). Based on the previous analyses, we infer that response-related
processes (such as response competition) are these other factors.

4. Discussion

The overt behavioral data for `present' and `absent' responses for the di�erent
feature judgements replicated those of Fournier et al. (1998). Reaction times (and
other measures of response latency and accuracy) were in¯uenced by the discri-
minability of the target features present in the object. Multiple feature bene®ts
were observed for correct `present' responses. For example, consider the situation
in which subjects judged the presence of two target features in an object. If one of
these target features was relatively di�cult to discriminate and the other relatively
easy to discriminate, subjects were faster and more accurate than when they
judged the presence of the less discriminable target feature alone. Conversely,
multiple feature costs were observed for correct `absent' responses when one or
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more target features were present in the object. Performance especially su�ered as
the discriminability of the target features present in the object increased. `Absent'
responses were fastest and most accurate when no target features were present in
the object.

The psychophysiological data enabled us to evaluate the AP model that features
response priming, and other response processes, as the major explanatory concepts
for the multiple feature bene®ts and costs. To the extent that response priming
processes in¯uenced reaction times to produce the bene®ts and costs, we expected to
®nd variation in the coupling between P300 and overt response latency measures. In
fact, for `present' judgements involving single and multiple features, the interval
between P300 and reaction time was the same. This suggests that multiple feature
bene®ts cannot be attributed to response priming processes, as the AP model would
predict.

On the other hand, for `absent' responses, we found that RT was slower than
would be expected on the basis of P300. The interval between the RT response and
the P300 was reduced when costs in RT were observed. These data are consistent
with the AP model, which predicts that response priming will compromise the exe-
cution of the correct `absent' response if any of the target features are present in the
object. The extent of the cost depends both on the number of features activating the
incorrect response and on the degree of incorrect activity that has accumulated
before the correct response is activated; the longer the accumulation of incorrect
response activity, the more time is needed by correct activation to override this in-
correct activation. If those features that prime the incorrect response are easy to
discriminate relative to those priming the correct response, then incorrect responses
will tend to be activated earlier than correct responses. In addition to the evidence in
favor of the AP model provided by the P300±RT measure, evidence from other
sources also pointed to the role of response-related processes in producing the costs.
In particular, the probability of partial errors depended on the number and discri-
minability of the target features that were present in the object. Because partial er-
rors may be associated with response competition, it is evident that the costs may be,
at least in part, due to this kind of response-related factor. Also, the ®nding of longer
response execution intervals for absent responses when some target features were
mapped to the present response provides additional evidence for a response com-
petition e�ect. Note that di�erences in partial errors and e�ects on response execu-
tion primarily re¯ected the later part of the response execution interval (i.e., squeeze)
which suggests that this interval may be more sensitive to the target feature mapping
di�erences. Taken together, these data suggest that at least some of the costs we
observed in RT for absent responses can be attributed to response priming and other
response-related processes.

The P300 latency data suggest that response priming was not a factor contributing
to multiple feature bene®ts and was not the only factor responsible for multiple
feature costs. Our measure of the duration of stimulus evaluation processes (P300
latency) showed similar trends to those for RT. For correct `present' responses, this
suggests that multiple feature bene®ts can be attributed to processing that occurs
prior to response selection. Perhaps multiple feature bene®ts are due to a reduction
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in the duration of stimulus evaluation or decision processes that precede the response
selection stage.

One way to account for this facilitation is in terms of an e�ect of the number of
possible objects that can appear for di�erent kinds of judgements. Increasing the
number of features that are relevant for a judgement will necessarily reduce the
number of possible objects that could constitute a match (cf. Farell, 1984; Prinz &
Scheerer-Neumann, 1974; Ratcli�, 1978; Sternberg, 1969). This should facilitate the
matching process. For example, when subjects have to judge whether an object is
`large', there are four possible objects that ®t this description (i.e., large red S, large
red C, large green S, large green C). However, when they have to judge whether the
object is a `large red S', only one object ®ts this description. If the cue (indicating
what features are targets) leads the subject to generate representations of possible
objects that might match the cue, then single feature cues will lead to the generation
of more representations than multiple feature cues. As a result, when the stimulus
object is actually presented, the time required to categorize the stimulus as belonging
to the set of possible target objects (i.e., to make a match judgement) should be less
for objects that contain multiple feature targets than those that contain a single
feature target. A reduction in categorization time would lead to a shorter P300
latency, as we observed.

Another way to account for multiple feature bene®ts is in terms of the detail of the
memory representation that results from the cue (indicating what features are tar-
gets). Multiple feature cues may lead to a more detailed memory representation
(template) since this template can be based on multiple features, while single-feature
cues may lead to a less detailed template since this template can be based only on a
single feature. Time required to match the stimulus to the more detailed template
may be faster than the time required to match the stimulus to the less detailed
template. This is because in the former case, the template will more closely resemble
the stimulus that constitutes a match as opposed to the template in the latter case.
For example, when subjects have to judge whether an object is a `large, red S' and the
stimulus is a large, red S, the template of `large, red S' is identical to the stimulus. In
contrast, when subjects have to judge whether an object is `large' and the stimulus is
a large, red S, the template of large is not identical to the stimulus. Research on
same±di�erence judgements has shown that `same' judgements are often fastest when
features between two objects match on all features (e.g., Bamber, 1969; Miller &
Bauer, 1981). This may also be true for stimulus±template matches.

Of course in both of the accounts described above, the speed with which a cate-
gorization/match can be made will also depend on the discriminability of the target
features to be categorized/matched (e.g., Ratcli�, 1978). Indeed, within the one-
feature judgements, the shortest P300 latency was observed when the target was the
most discriminable feature (i.e., color). A similar e�ect was found for the two-feature
judgements (i.e., color and shape).

The P300 latency data for absent responses also point to a role of stimulus
evaluation or decision processes in contributing to multiple feature costs. In this
case, the speed with which a mismatch can be detected will be in¯uenced by the
discriminability of features that are associated with the correct `absent' response.
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Evaluation of the stimulus object as not possessing the features indicated by the cue
will take longer when these features are di�cult to discriminate. Hence, the longer
P300 latencies for the more di�cult to discriminate features. In addition, within each
of the two- and three-feature judgements, more time was needed for stimulus eval-
uation when one or more target features were present in the object relative to when
no target features were present. This ®nding suggests that `representation competi-
tion' between the visual stimulus and the memory representation of the cue may
occur (e.g., Proctor, 1981; see also Ratcli�, 1978). If a feature in the stimulus matches
a feature present in the cue, evidence may begin to accumulate suggesting a match
between the visual stimulus and the representation of the cue. As a result, the
stimulus object would tend to be incorrectly categorized as matching the cue. (This,
in turn, may lead to the priming of the incorrect `present' response.) As those fea-
tures associated with a mismatch with the representation are processed, evidence in
favor of this mismatch would have to override any prior categorization of the
stimulus object as a match (e.g., Ratcli�, 1978). Time to override incorrect matching
evidence would depend on the discriminability and number of features in the visual
stimulus that match the representation (see discussion and ¯anker ®ndings by
Fournier et al., 1998; Fournier, Bowd & Herbert, in press; see also Cohen & Shoup,
1997). A similar type of representation competition may also account for the P300
delays typically found in the Eriksen task for incompatible, multi-element arrays
(e.g., see Coles et al., 1985).

The idea of representation competition or decision competition is not a new one.
Proctor (1981) proposed a similar idea to account for data in same±di�erent judg-
ements. He proposed that slower di�erent judgements occur because competing
codes are activated (i.e., a `physical' code or a `name' code). In fact, our `present' and
`absent' RT ®ndings are very similar to those found for same±di�erent judgements
(see review by Nickerson, 1972; see also Eriksen, O` Hara & Eriksen, 1982; Fournier
et al., 1998; St. James & Eriksen, 1991).

Our ®ndings that multiple feature bene®ts and costs primarily occur before
response execution processes is consistent with ®ndings by Smid, Bocker, van Touw,
Mulder and Brunia (1996). Smid et al. found psychophysiological evidence (based
on di�erence ERPs) that partial information about individual stimulus attributes
was available in advance of full multidimensional stimulus evaluation (see also
Smid, Jacob & Heinze, 1997), but failed to ®nd evidence based on the lateralized
readiness potential (LRP) that this partial information was used for response choice
in a go/no-go task. Their ®ndings suggest that partial information based on a single
attribute was not used for response choice as soon as this information was available.
Smid et al. concluded that feature integration occurred for their multidimensional
objects before a response was activated. Our conclusions are similar, however we
further suggest that object features are asynchronously compared to a memory
representation(s) and evidence of whether each task-relevant feature matches or
mismatches a memory representation is combined to meet a single decision criterion
of `match' or `mismatch'. In addition, because we found evidence of response
competition for `absent' responses late in the response execution interval, we suggest
that response priming may occur based on partial evidence of combined feature

L.R. Fournier et al. / Acta Psychologica 104 (2000) 119±142 139



activation that is accumulating, indicating whether a `match' or `mismatch' has
occurred.

In sum, multiple feature bene®ts and costs can be mainly attributed to processing
that occurs before responses are selected or activated. Response-related processes
contribute to multiple feature costs, not to multiple feature bene®ts. Our ®ndings
suggest that the evaluation of stimulus objects is in¯uenced by the number of po-
tential objects given a particular cue or similarity between an object and a particular
cue, by the discriminability of relevant feature dimension(s) within the object, and by
the consistency of the target features with respect to the representation of the cue.
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