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Relationship between flanker identifiability
and compatibility effect

WOLFGANG SCHWARZ and AXEL MECKLINGER
Freie Universitit Berlin, Berlin, Germany

What is the relation between the identifiability of masked flankers and their ability to induce com-
patibility effects in a letter classification task? Using a within-subjects design (n = 8), we first de-
termined identification performance for two flankers (H or N) around an irrelevant target letter as a
function of the time (stimulus onset asynchrony, or SOA) after which the flankers were masked. In
a second condition, subjects classified the central letter of the same stimulus patterns irrespectively
of the identity of the flankers. The compatibility effects increased with increasing identification per-
formance as a function of SOA, and we found a significant compatibility effect even at an SOA at
which the identifiability of the flankers did not differ significantly from zero. We discuss the statis-
tical power of our design and an interpretation of our results in terms of a dissociation between per-
ceptual processes and processes directly activating the motor system (direct parameter specifica-

tion; cf. Neumann, 1990).

In their influential study on the effects of flanking let-
ters on the time required to classify a target, B. A. Erik-
sen and C. W. Eriksen (1974) demonstrated strong
effects of the compatibility of the flanking context. Re-
action times (RTs) for target classification are slower and
error rates are larger when the target is flanked by letters
that call for the competing response (incompatible con-
dition) than when the target is surrounded by identical
letters (compatible condition). This difference in RT be-
tween the two conditions is called the compatibility effect
(cf. B. A. Eriksen & C. W. Eriksen, 1974; C. W. Eriksen,
Pan, & Botella, 1993). Typically, neutral flanking letters
that do not call for an experimentally defined response
yield intermediate RTs and error rates, and inhibitory
and facilitating effects are often measured in relation to
this baseline. Subsequently, these basic findings were
replicated and generalized in various directions (for re-
cent reviews, see Cohen & Shoup, 1993; or Miller,
1991a). For example, C. W. Eriksen and Schulz (1979)
demonstrated that the magnitude of the compatibility ef-
fect can be influenced by the size and the figure—ground
contrast of the target and the flankers. Moreover, C. W.
Eriksen and Schulz (1979) and Flowers and Wilcox (1982)
varied the relative stimulus onset asynchrony (SOA) of
the target to the flankers and thereby traced the temporal
dynamics of the compatibility effect.

C. W. Eriksen and his colleagues interpreted the ef-
fects of compatibility as evidence for limitations in fo-
cusing attention to a particular target caused by both tar-
get and flanker stimuli activating the response associated
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with them. They assume a continuous flow of informa-
tion from the module that analyzes the visual input to the
response activation system where both correct and in-
correct responses receive priming and compete with each
other. As a consequence, correct responses are inhibited
and delayed in conditions with incompatible flankers.
Evidence for the parallel activation of correct and incor-
rect responses in trials with incompatible flankers comes
from studies recording electromyographic responses
(Coles, Gratton, Bashore, C. W. Eriksen, & Donchin,
1985; C. W. Eriksen, Coles, Morris, & O’Hara, 1985) and
movement-related aspects of the event-related potential
(Gratton, Coles, Sirevaag, C. W. Eriksen, & Donchin,
1988). Further evidence for a response locus of the com-
patibility effect can be derived from the fact that flankers
that do not activate a competing response have little ef-
fect on target RT.

Although it is well established that the flanker effects
can be manipulated by the spatial target—flanker distance
(Andersen, 1990; Yantis & Johnston, 1990), the gradient
of attention (LaBerge, 1994; LaBerge, Brown, Carter,
Bash, & Hartley, 1991), or appropriate SOA variations
(C. W. Eriksen & Schulz, 1979), little attention has so far
been paid to the relation between the identifiability of
the flankers and the magnitude of the compatibility ef-
fect. Two principal positions seem to be possible in the
conceiving of this relation, which in turn embrace a con-
tinuum of intermediate viewpoints. One view holds that
complete identification of the flankers is a necessary
condition for any compatibility effect to occur (see
Holender, 1986). A different view has been spelled out
by Neumann, for example (1990; Neumann, Koch, Nie-
pel, & Tappe, 1992; for a related neurophysiological ap-
proach, see Goodale & Milner, 1992). According to his
conceptualization, there are two routes along which pro-
cessing may proceed from sensory input to the motor
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system: either by building an explicit mental represen-
tation (“perception’), or by direct specification of the
relevant motor response parameters. According to Neu-
mann, these two routes may be dissociated under certain
experimental conditions, such as, for example, in experi-
ments on the Fehrer-Raab effect (Fehrer & Raab, 1962;
but see Bernstein, Amundson, & Schurman, 1973), or in
comparisons of onset latency and temporal order judg-
ments (Neumann et al., 1992). That is, a dissociation may
exist whenever a given stimulus activates action param-
eters that are not compatible with the mental represen-
tation of the stimulus. An extreme example of dissocia-
tion is represented in studies designed to demonstrate
subliminal perceptual effects by means of visual back-
ward masking (for a review, see Cheesman & Merikle,
1984; Duncan, 1987; Holender, 1986; Merikle, 1982;
Reingold & Merikle, 1988). However, we consider sub-
liminal perception to be only the most extreme case on
a continuum between complete association and com-
plete dissociation of mental representations and observ-
able motor responses.

Our aim in the present study was to investigate the re-
lation between flanker identification performance and
compatibility effects. Specifically, we included condi-
tions in which the flankers were masked with different
SOAs, ranging from SOAs at which flankers could not
reliably be identified to SOAs where identification per-
formance was well above chance. Subsequently, we de-
termined whether effects of compatibility occurred
under exactly the same conditions. The examination of
the processing of flankers that cannot be identified by
themselves is an example of the dissociation paradigm
discussed extensively by Merikle and his colleagues
(e.g., Reingold & Merikle, 1988). For the present pur-
poses, this paradigm first requires reliable assessment of
the identifiability of the flankers (cf. Macmillan, 1986;
Merikle, 1982). Identification thresholds are often de-
fined as the maximum stimulus-mask delay, which still
yields chance identification. Accordingly, a common
procedure to establish identification thresholds is to use
backward masking paradigms in which the SOA be-
tween a flanker and the mask is systematically decreased
until verbal report accuracy falls to a predetermined
threshold level—for example, 25% correct under a sym-
metric four-alternative forced choice design (cf. Chees-
man & Merikle, 1984). Subsequently, in a test phase the
task under consideration is carried out with the thresh-
old SOA previously determined (see Holender, 1986, for
a critical review of the basic logic underlying these de-
signs). In the present experiment, the test phase con-
sisted of a compatibility task with masked flankers.

Several authors have pointed out in detail various pos-
sible pitfalls of the dissociation paradigm. For example,
Purcell, Stewart, and Stanovich (1983) have shown that
differential states of light adaptation during the thresh-
old determination and the test phase may bias the results,
because flankers that are not identifiable during the
threshold determination phase may become identifiable

during the test phase. Given this objection, only those stud-
ies can be considered valid in which strictly comparable
light adaptation conditions are employed during thresh-
old determination and the test phase. In addition, Chees-
man and Merikle (1984) suggested that it is preferable to
use several levels of flanker-mask SOAs even in the test
phase in order to trace the time course of the induced
flanker effects more neatly and eventually to compare it
with that in an unmasked flanker condition, for which the
underlying processes are often better understood. Another
potential confounding variable is poststimulus cuing (Bern-
stein, Bissonnette, Vyas, & Barclay, 1989). Bernstein et al.
showed that a masked word prime may become easier
(harder) to identify if it is followed by a semantically re-
lated (unrelated) target word. Thus, in order to establish
valid flanker identification thresholds, conditions need
to be used in which the influence of the flanker on the
target is identical to that in the conditions used during
the test phase. Finally, Merikle (1982) and Macmillan
(1986) have pointed out that procedures for determining
identification thresholds are often too inaccurate for one
to be able to draw firm conclusions. More specifically,
they argue that procedures for establishing identification
thresholds have (1) to rely on a sufficient number of trials
for obtaining statistically reliable response probabilities,
and (2) to control for response biases during discrimi-
nated verbal reports.

In the present study, we have tried to meet these sug-
gestions by using a relatively large number of trials in
order to establish reliable identification threshold esti-
mates, and by separating contributions of bias and sen-
sitivity by means of a signal detection analysis. In addi-
tion, we tried to estimate the statistical power of our
design explicitly by means of a simulation procedure. Fi-
nally, we chose a design under which the physical stim-
ulus events as seen on the monitor during the threshold
phase were completely identical to the stimulus events
during the test phase. This ensured that no confounding
effects due to differential light adaptation or poststimu-
lus cuing could be invoked to explain possible effects
observed under the test phase.

METHOD

Eight subjects, A—H (4 male, 4 female, 19-32 years old), par-
ticipated in both conditions (1 and 2) of the experiment. They
were students from the Free University of Berlin. All subjects had
normal or corrected-to-normal vision; they were paid at a rate of
12 DM (=$8) per hour. Each subject performed the following two
conditions on 2 consecutive days: on one day, one session of an
identification condition ( 1); and on the other day, one session of a
masked compatibility condition (2). The order of the conditions
was counterbalanced across subjects.

Condition 1 served to measure flanker identification perfor-
mance. Each trial started with a fixation point, which disappeared
after 210 msec. Then, 28 msec later, a central letter (either H or N)
appeared centered at the position of the fixation point, and, si-
multaneously, two identical flankers {either H or N) were pre-
sented 44’ (center-to-center distance) to the left and 1o the right of
the position of the central letter. After 14, 28, 42, or 56 msec. the
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flankers were masked by a slightly larger random dot pattern,
which did not change across trials. The delay between the presen-
tation of the flankers and the presentation of the mask will be
called the SOA of that particular trial. The task of the subjects was
to identify the flankers while maintaining fixation on the central
position. The subjects had to make their decisions (“H” or “N”) by
pressing one of two buttons on an external response key device,
which was placed in front of the subjects. The next trial started
2 sec later. The letters were presented in black color on a gray
background of an Atari sm124 monitor. The presentation was syn-
chronized with the vertical scan of the video refresh cycle (70 Hz).
The size of the letters was 4.4 X 4.4 mm. They were viewed from
a distance of approximately 70 c¢m, yielding a visual angle of 22".

Following an initial block of practice, there were 25 blocks of
2 warm-up trials and 32 effective trials each, which contained
cach of the four combinations of central and flanker letters under
cach of the four SOAs exactly two times in a random order, yield-
ing a total of 800 effective trials: 50 per combination of central let-
ter (2), flanker (2), and SOA (4). Between the blocks, feedback
was given concerning the percentage of correct responses, and the
subjects were allowed to rest as long as they wanted to. Each ses-
sion of Condition } lasted about 60 min.

In Condition 2, the compatibility effect was measured as a func-
tion of the SOA between the flankers and their mask. Stimulus
events and stimulus timing as seen on the monitor were identical
to those in Condition 1, except for the following two points: (1) a
condition was added in which the letters W were used as flankers;
and (2) a condition with SOA = 0 msec was added, in which the
central letter H or N was presented simultaneously with the two
masks of the flankers. The task of the subjects in Condition 2 was
to classify the central letter (called the rarget in Condition 2) as
quickly and accurately as possible by pressing one of two buttons
of the external response key device. The target and the two masks
disappeared immediately after the response. The next trial started
2 sec later. After each block, feedback was given concerning the
mean RT of the correct responses during the last block, and the
subjects were allowed to rest as long as they wanted to. Excluding
one block of initial practice, a single session of Condition 2 con-
sisted of 30 blocks of two warm-up trials and 26 effective trials:
24 trials containing each of the six target-flanker combinations
(HHH, WHW, NHN, NNN, WNW, HNH) for each of the four
SOAs 14, 28, 42, and 56 msec exactly one time, and two trials in
which the two targets H and N were presented simultaneously with
the masks {SOA = 0 msec). These 26 trials in cach of the blocks
were presented in a random order, resulting in a total of 780 ef-
fective trials in Condition 2. A single session of Condition 2 lasted
about 60 min.

RESULTS

Condition 1: Identification Performance

To assess flanker identification performance (flanker
H vs. flanker N) in Condition 1, separate values of d’
(Macmillan & Creelman, 1991, p. 9) were calculated for
each of the 8 subjects, four SOAs, and two central let-
ters. Each d’ is derived from a single hit and a single
false alarm probability based on n = 50 trials each. The
basic results of Condition I, pooled across different cen-
tral letters, are shown in Table 1.

As 1s apparent from the table (bottom row), the range
of SOAs chosen was appropriate to cover the transition
zone from the chance level d = 0 to a performance
level which deviates from pure guessing. More specifi-
cally, Table 1 shows that for the shortest SOAs identifi-
cation performance remained extremely low, and that it
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Table 1
d’ for Each Subject (A-H) and Stimulus Onset Asynchrony
(SOA), Averaged Over the Two Central Letters H and N

SOA
Subject 14 28 42 56
A —.29 -.10 .18 35
B 26 .10 11 20
C 35 19 13 28
D —.14 —.11 15 .26
E 10 -.30 —.13 .38
F 08 -.07 07 -.13
G 36 —-.34 .16 70
H 12 -.03 .56 52
Mean d’ 10 -.08 15 32
X2(16) 22.78 14.10 26.05 44 38
» 12 59 06 <01

Note-—SOA is given in milliseconds. The x2(16) values as derived
from the Gourevitch and Galanter (1967) test are indicated in the next-
to-last line. The last line gives the associated p levels.

reached a value substantially different from zero only for
SOA = 56 msec.

These observations were confirmed statistically. At
the initial stage of the analysis, identification perfor-
mance was not pooled across different central letters in
order to first test whether the identifiability of the
flankers depends on identity of the central letters (H vs.
N: see Bernstein et al., 1989). Toward this end, individ-
ual values of d” were converted to z scores following the
procedure described by Gourevitch and Galanter (1967,
see Macmillan & Creelman, 1991, p. 271). Subse-
quently, the 8 X 8 = 64 individual z scores were sub-
jected to an analysis of variance (ANOVA) with the fac-
tors of SOA (four levels) and central letter (two levels).
The main effect of SOA was significant [F(3,21) =
4.29, p = .016], but neither the central letter [F(1,7) < 1]
nor its interaction with the SOA [F(3,21) < 1] showed a
significant effect. It was thus decided to average the sen-
sitivity scores d” of each subject across the two central
letters (cf. Macmillan & Creelman, 1991, p. 275). Next,
we tested whether mean sensitivities (i.e., d” values) for
a given SOA differed significantly from zero. For a sin-
gle SOA, the significance of the mean sensitivities based
on n individual values of d” may be tested by converting
first the individual z scores derived from each d’ (Goure-
vitch & Galanter, 1967) into X2( 1) values and then sum-
ming the values of X2(1) over the 8 subjects and the two
central letters. This procedure yields a single X2(16)
value, given that the hypothesis of ¢ = 0 is actually cor-
rect for a given SOA. These values together with the as-
sociated significance levels are given at the bottom of
Table 1.

For SOA = 14 msec and SOA = 28 msec, mean sen-
sitivity did not differ significantly from zero [X?(16) =
22.78, p = .12 for SOA = 14 msec, and X%(16) = 14.10,
p = .59 for SOA = 28 msec], a result which also holds
true for either central letter individually. For SOA =
42 msec, mean sensitivity approached marginal signifi-
cance [X2(16) = 26.05, p = .06], while for SOA =
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56 msec it differed significantly from zero [X%(16) =
44.38, p <.01]. It should also be noted that these results
for mean sensitivity are confirmed by the individual sub-
jects’ data. For example, for the SOA = 28 msec there
was not a single estimate of d” (out of 16 individual
cases) that differed significantly from zero (a = .05).

Response bias usually refers to the preference of a
subject for one of the two available responses (e.g., the
response “H”). In Condition 1, however, a different kind
of response bias is conceivable, which consists in a pref-
erence of the subjects to report the central letter pre-
sented together with the flankers. If indeed the central
letter induces this type of responding, we should expect
a positive bias toward the answer “H” in the identifica-
tion of the flanker under the presentation of HHH ver-
sus NHN, and similarly a positive bias toward the an-
swer “N” in the identification of the flanker under the
presentation of NNN versus HNH. To test this hypoth-
esis, we calculated the signal detection response bias
measure ¢ (Macmillan & Creelman, 1991, p. 33) sepa-
rately for each central letter, SOA, and subject. Overall,
there was a very slight bias (¢ = .04) toward the re-
sponse “N,” but this bias was, in fact, larger for the cen-
tral letter H (¢ = .09) than for the central letter N (¢ =
—.01). The estimated bias parameters ¢ were subjected
to an ANOVA with the factors of central letter (H vs. N)
and SOA (four levels). Neither of these two factors nor
the interaction turned out to be significant.

Condition 2: Compatibility Effect
With Masked Flankers

Incorrect responses were excluded from the RT analy-
sis. The overall error rate equaled 3.1%. The number of
errors did not differ across SOAs, but it increased for
compatible, neutral, and incompatible flankers, respec-
tively [X2(2) = 6.25, p = .04]. Also, errors were somewhat
(21 msec) faster on the average than correct responses.

The mean RT's averaged over the two target letters H
and N for each of the five SOAs are displayed in Fig-
ure 1. Mean RTs increased with increasing SOA. Start-
ing at SOA = 28 msec, compatible target-flanker com-
binations yielded shorter mean RTs than did neutral
combinations (i.e., flanker W), while mean RTs to in-
compatible combinations were larger than they were in
the neutral condition. This finding holds for both target
letters (H and N) individually.

These descriptive results were confirmed statistically.
Each of the 8 subjects conveyed 24 mean correct RTs:
one for each target (H vs. N), each compatibility condi-
tion (compatible, neutral, and incompatible flanker), and
each of the four SOAs. These 8 X 24 = 192 mean cor-
rect RTs were subjected to an ANOVA with the factors
of target (two levels), compatibility (three levels), and
SOA (four levels). As for the central letter in Condi-
tion 1, targets (H vs. N) did not show a significant effect
[F(1,7) < 1], while there were significant main effects of
both compatibility [F(2,14) = 9.22, p < .01] and SOA
[F(3,21) = 13.11, p <.01]. There was also a significant
interaction between compatibility and SOA [F(6,42) =

MRT
#——8 incompatible
470 + O——0 neutral
460 1+ ®—e compatible
450 +
440 +
430 4+
X
J_ I 3 i e i
i T T L 1
0 14 28 42 56

stimulus onset asynchrony in [ms]

Figure 1. Mean correct reaction times (RTs; for 8 subjects) in Con-
dition 2 as a function of stimulus onset asynchrony and target—
flanker compatibility, averaged over both targets. Squares, incom-
patible flankers; open circles, neutral flankers; and closed circles,
compatible flankers. # = 465 trials per point.

4.30, p <.01], while all other effects were found to be in-
significant (a = .05).

Figure 1 shows that with respect to the three compat-
ibility conditions, speed and accuracy go in parallel, so
that spurious correct “fast guesses” would, if anything,
tend to favor the incompatible flanker condition. To as-
certain which differences contributed to the significant
overall effect of SOA, we compared mean RTs under dif-
ferent SOA compatibility combinations individually with
Scheffé’s post hoc test. For the SOAs of 28, 42, and
56 msec, the mean RTs of the compatible and the incom-
patible conditions differed significantly (o = .05), and
these results held for each target letter separately. Spe-
cifically, for the SOA of 28 msec the difference between
the mean RTs from the compatible and the incompatible
flanker condition equaled 453 — 432 msec = 21 msec,
which exceeds the critical 5% bound of Scheffé’s test.
For the two central letters, the mean RTs were 430 msec
for HHH versus 451 msec for NHN, and 433 msec for
NNN versus 455 msec for HNH. Because this particular
result for the SOA of 28 msec was of some importance
for our conclusions, we confirmed it nonparametrically
by means of a simple sign test, which showed shorter
mean RTs for the compatible than for incompatible
flanker condition in 13 out of 16 comparisons for indi-
vidual subjects (p = .011).

DISCUSSION

The results reported in the present study indicate that
the magnitude of the compatibility effect first reported
by B. A. Eriksen and C. W. Eriksen (1974) gradually in-
creases with the identifiability of the (masked) flankers.
Significant compatibility effects were observed for
flanker-mask delays of 28, 42, and 56 msec, while for an
SOA of 14 msec, no reliable compatibility effects were
obtained. Of particular importance is the pattern of re-
sults obtained for the SOA = 28 msec condition. While
for the largest two SOAs the compatibility effects were
paralleled by an above-chance performance for flanker
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identification (cf. Table 1), for SOA = 28 msec, a disso-
ciation emerged. For this particular SOA, identification
performance was not found to be significantly different
from chance level, whereas a reliable compatibility ef-
fect was obtained under otherwise identical conditions.

Given that the displays used to measure identification
performance and compatibility effects were physically
identical, differential poststimulus cuing effects or dif-
ferential light adaptation cannot explain the observed
dissociation between identification performance and
compatibility effects. However, identical stimulus dis-
plays are only a necessary, not a suffictent, condition for
perceptually identical stimulation. One aspect of our ex-
pertments which was only indirectly controlled by in-
struction was the fixation of the eyes. We thus cannot
definitively rule out that in Condition 1, contrary to the
explicit instructions, the subjects directed their fixation
to one of the positions where the flankers were known to
be presented. What would be the probable effects on our
data of fixating the flankers foveally? Given the inverse
relation between retinal eccentricity and visual acuity
(cf. Lie, 1980; Rijdijk, Kroon & van der Wildt, 1980;
Schwarz, 1993), such a behavior would clearly lead to an
overestimation of the actual flanker identification per-
formance under the conditions of the central letter clas-
sification task, where the targets are foveally fixated,
and the flankers are fixated with a retinal eccentricity of
44’ Hence, the assumed foveal fixation of the flankers
in Condition | would result in a conservative error, for
it implies that under equal fixation conditions the com-
patibility effects would be even stronger than reported in
the present study.

A simple interpretation of our data that needs to be
evaluated is one in terms of practice effects that might
have occurred during the course of the experiment (cf.
Wolford, Marchak, & Hughes, 1988). More specifically,
suppose that successive presentations of the stimulus
patterns during the flanker identification part of the ex-
periment increased the ability of the subjects to identify
the flankers. Given this assumption, it i1s conceivable
that in a subsequent central letter classification task,
flanker effects would have been due to their increased
visibility. To evaluate this possibility, recall that 4 sub-
jects performed the flanker identification condition first,
whereas the other 4 subjects first classified the central
letter. If there actually were practice effects of the sort
just described, we should expect that the subjects who
performed the flanker identification condition first
would have exhibited stronger compatibility effects than
did the subjects who started with the central letter clas-
sification task, because the former group had the oppor-
tunity to learn the flanker identification while the second
did not.

However, several observations argue against a prac-
tice effect. First, for the three largest SOAs we found not
even a descriptive advantage for the compatibility effect
(the difference of mean RTs for incompatible vs. com-
patible flankers) of the subjects who identified the
flankers first, while for the SOA of 14 msec a difference

1049

of 4 msec emerged. Figure 2 shows the compatibility ef-
fects as a function of SOA, separately for each task
order. On a descriptive level, these data do not support
the notion that the compatibility effects observed in
Condition 2 depended in any way on the order in which
the subjects performed the tasks.

To confirm these results, we carried out a further
ANOVA on the RT data of Condition 2, with task order
as a between-subjects factor (two levels), and target—
flanker compatibility (three levels) and SOA (four lev-
els) as within-subjects factors. As might be expected
from Figure 2, the results did not support the assumption
of practice effects: neither the main effect of task order
[F(1,7) = 1.08, p = .33] nor any of its interactions with
the other factors proved to be significant. Second, if
practice effects were present, it seems reasonable to ex-
pect the identification performance in Condition 1 would
have increased during the course of the session. Ac-
cordingly, we inspected the data of the identification ses-
sion by plotting the probability of a correct response as
a function of the block number. There was no indication
of a systematic trend related to the block number in
these data. Comparisons of the performance in the first
and the second half of the flanker identification experi-
ment yielded a nonsignificant split of 5 subjects who
improved and 3 subjects who did not. Finally, practice
effects should, if actually present, also show up in the
identification data, for the subjects who classified the
central letter first (thereby possibly learning to identify
the flanker) and then identified the flankers. Again, we
found no indication of any systematic effect on identifi-
cation performance related to task order. Specifically,
the subjects who classified the central letter first did not
subsequently identify the flankers any better than the sub-
jects who started with the identification session. Of
course, it is possible that the assumed practice effects
might take some incubation period to show up, which
would at least explain the absence of within-session

MRT; — MRT¢

30 -+

2 4

10+ O——0 Classification task first

o—e Identification task first

10 - F 4 { .
14 28 42 56

stimulus onset asynchrony in [ms)

Figure 2. Net compatibility effect (mean reaction times, or RT, in
incompatible trials minus mean RT in compatible trials) in Condi-
tion 2 as a function of stimulus onset asynchrony, separately for each
task order. Closed circles refer to the 4 subjects who worked under
Condition 1 (flanker identification) first, and then under Condition 2
(central letter classification). Open circles refer to the 4 subjects who
performed the tasks in the opposite order.
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learning effects. It should be noted, however, that this
assumption cannot explain the absence of task order
effects.

Another simple interpretation of our results could be
that there might have been a consistent ability to identify
the flankers in Condition 1, even for an SOA of 28 msec,
but that this ability was too weak to yield significant de-
viations from the hypothesis of d° = 0 (cf. Merikle,
1982; Miller, 1991b). Such a low identification perfor-
mance in the compatibility experiment might, on the
other hand, have been sufficient to induce small but re-
liable compatibility effects. To evaluate this alternative
interpretation, it is crucial to estimate the statistical
power of the identification Condition 1. Toward this
end, the complete Condition 1 was simulated ten thou-
sand times for a constant SOA. To simulate the perfor-
mance of a given subject within a single trial, a normal
distribution signal detection model with equal variances
was assumed to hold with mean d’ values (effect size)
which varied from d” = 0 to d” = 0.5 in steps of 0.05.
Also, a slight subject variability around these mean d”
values was introduced, which was chosen to match the
variability estimated in Condition 1. For each of the 8
“subjects” each simulation contained » = 50 trials
under each of the four target—flanker combinations, as in
Condition 1. Two separate values of d” were estimated
from the hit and false alarm rates for the pairs HHH ver-
sus NHN and NNN versus HNH, which in turn were
converted first to a z score and then to a X%(1) value. Fi-
nally, the resulting 16 values of X%(1) (two values for
each of 8 subjects) were pooled to obtain a single X*(16)
value, which constituted the principal outcome from a
single simulation run. From ten thousand replications of
this procedure, we observed the relative frequency of
cases in which a significant (a = .05) value of X2(16) >
26.30 was obtained. In other words, the power of the
present study was estimated by simulation as a function
of the given mean d’—that is, the effect size. The prin-
cipal results of this procedure are shown in Figure 3.

From the results depicted in Figure 3, it is clear that
for the number of subjects (r = 8) and trials (n = 50 per
combination of target, flanker, and SOA) employed in
Condition 1, a reasonable power was obtained: for ex-
ample, it is unlikely (p = .04) that a mean sensitivity
corresponding to d” = .35 would have gone undetected.
It is, on the other hand, equally clear that extremely low
sensitivities such as, for example, d° = .10 had only a
rather low probability (e.g., p = .13) to be detected as a
significant departure from the hypothesis d” = 0, and
that the power necessarily converges to & = .05 as mean
d’ approaches zero. Thus, one explanation of our results
would be to assume a functional divergence between per-
ceptual processes as revealed by identification perfor-
mance and response activation processes in the sense
that an extremely low degree of flanker identifiability
may nevertheless lead to considerable compatibility ef-
fects as seen in the RT data of Condition 2.

An alternative interpretation of our findings is to as-
sume a direct parameter specification of the motor sub-
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Figure 3. Probability 1 — S to reject Hy: d’ = 0 under the design
of Condition 1 of the present experiment as a function of the actual
mean d’ assumed in the simulation. » = 10,000 simulation runs per
estimated probability.

system associated with that particular flanker which is
not tied to an explicit mental representation of the
flanker (“dissociation,” as discussed by Neumann, 1990;
Neumann et al., 1992; or Goodale & Milner, 1992). This
activation may in turn induce response competition ef-
fects as typically observed with identifiable flankers. If
this interpretation is correct, our data indicate that the
dissociated activation of the motor subsystem by direct
parameter specification is weaker than the response ac-
tivation by explicit internal representation. It is conceiv-
able that the larger compatibility effect for the larger
flanker-mask SOAs 42 msec and 56 msec is attributable
just to the additional contribution of the explicit mental
representation to the total response activation. It should
also be noted that in the present study, there was no pre-
experimental link between the stimuli (the letters H and
N) and the responses (left and right key). Under the in-
terpretation of Neumann as described above, still larger
effects might be expected if the stimuli are tied closer to
the responses in advance of the experiment.

Two principal schemes are conceivable for making
this reasoning more precise. On the basis of the notion
of distinct discrete processing states (Jacoby, Toth, &
Yonelinas, 1993; Joordens & Merikle, 1993; Roberts &
Sternberg, 1992), it may be assumed that the classifica-
tion task studied in Condition 2 can be solved by using
either of two processing modes. Under one processing
mode, the flankers induce a direct specification of the
associated response parameters only, whereas in the
other processing mode, an explicit mental representation
additionally coactivates the associated response. The
probability of the two modes would then depend on the
flanker-mask delay—the SOA. Under these assump-
tions, the increase of the magnitude of the compatibility
effect with increasing flanker-mask delays could be at-
tributed to an increasing proportion of trials under the
second processing mode. On the other hand, even for
short SOAs (e.g., 28 msec) that do not induce an explicit
mental representation, a significant, though reduced,
compatibility effect may be obtained in an increasing
proportion of trials under the first processing mode. One
problem in applying this model to the present experi-
ments is that it is hard to separate the two contribu-
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tions—for example, by means of an explicit “inclusion”
and “exclusion” instruction as proposed by Jacoby et al.
(1993)—Dbecause of the unavoidable compatibility ef-
fects induced by the flankers.

An alternative concept that seems to fit the results of
the present experiments better rests on the idea of con-
tinuous information processing (for reviews, see Miller,
1988, 1990; Ratcliff, 1988; Schwarz, 1989; or Schweick-
ert, 1992, for a prototype of this class of models). This
type of models assumes a continuous contribution to the
total activation of each response alternative from both
the target and the flanker. In compatible trials, both ac-
tivations contribute to the same response alternative, and
the related response activation may be assumed to be su-
perposed (Schwarz, 1989). On the other hand, for in-
compatible trials, the contributions induced by the
flankers and by the target cancel each other partially so
that, in effect, inhibition results. For the present experi-
ments, the contribution of the flanker to the total re-
sponse activation is practically sure to have depended on
the flanker-mask delay. More specifically, we assume
that for short SOAs the contribution induced by the
masked flanker may by itself have been too weak to ac-
tivate the associated response (and to have been identi-
fied in Condition 1), but that it may nevertheless have
summated with the larger activation induced by the tar-
get. The latter notion is consistent with the principle of
subthreshold summation (both inhibitory and excita-
tory), which has long been known, for example, in visual
psychophysics (cf. Graham, 1989; King-Smith & Ku-
likowski, 1975, 1981). It is clear that a detailed test of
these qualitative assumptions requires explicit quantita-
tive formulation and parameteric experiments, which is
beyond the scope of the present paper. If this “summa-
tion” interpretation of the present results is correct, they
should probably not only obtain under a masking para-
digm, but also under conditions that are more typical for
subthreshold summation experiments, such as varying
luminance or contrast of the flankers.

Collectively, the present results indicate that flankers
that do not contain sufficient information to yield a cor-
rect identification response systematically affect the
time to classify target stimuli. Although the power to de-
tect above-chance identification performance was rea-
sonably high, the possibility that the statistically reli-
able compatibility effects obtained for SOA = 28 msec
were caused by extremely low degrees of flanker identi-
fiability cannot unambigously be ruled out. However,
the similarities in the magnitude of the compatibility ef-
fects and of identification performance as a function of
SOA are consistent with models that assume a contin-
uum between complete association and complete disso-
ciation rather than a strict dichotomy between perceptual
and motor activation processes.

Additional empirical evidence on the impact of de-
graded flankers on the classification of target letters is
needed before a detailed model of these cognitive pro-
cesses can be outlined. One useful strategy for future re-
search to increase the power of the present approach

1051

might be to consider the relation of several dependent
variables to the flanker-mask delay simultaneously. For
example, it would be useful to consider the joint effects
of compatibility on both speed and accuracy within the
framework of a single explicit model (cf. Schwarz,
1990). Similarly, it would seem promising to attempt a
combined analysis of performance and event-related-
potential measures (cf. De Jong, Wierda, Mulder, &
Mulder, 1988; Gratton et al., 1988; Mecklinger, Kramer,
& Strayer, 1992) in order to examine dissociations and
associations of perceptual and response activation pro-
cesses in more detail.
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