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The Prepared Reflex: Automaticity and
Control in Stimulus-Response Translation

Bernhard Hommel

ABSTRACT  This chapter reviews a number of empirical and theoretical approaches to the
translation of stimulus information into action in choice reaction tasks. Abundant evidence
shows that stimulus-response (5-R) translation does not always conform to people’s inten-
tions, which rules out the notion that it is a highly selective control (or intentionally con-
trolled) operation. This has led to the conception of dual-route models, which view action
control as the outcome of a competition between intentional and automatic S-R translation
processes. Although these conceptions have many advantages, they also have their limita-
tions. In particular, there is evidence for more than two routes from perception to action;
intention-related S-R translation can shown to be triggered automatically; and effects attrib-
uted to “automatic translation” often depend on the actor’s intentions. An alternative view
conceives of intentional and automatic processes, not as being different in kind, but rather
as taking place at different points in time, with intentional processes setting the stage for
automatic 5-R translation.

Higher organisms exhibit an enormous flexibility in responding and
adapting to immediate changes in environmental conditions. Their
behavior is not only controlled by direct and persistent input-output
connections but mediated by internal states and modified through expe-
rience. A wealth of cognitive processes is involved in transforming sen-
sory inputs into observable muscle contractions. This chapter will focus
on a central stage in the transformation process-—the interface between
perceptual processing and action selection—emphasizing the role inten-
tional and automatic processes play in translating stimulus information
into response activation.

Theories of human information processing commonly deal with this
interface under the heading of “stimulus-response translation” (or “S-R
translation”), “response determination,” “response identification,” or
“response selection.” Although most models include a box carrying one
of these labels surprisingly little is known about how stimulus informa-
tion is actually translated into action plans. However, to speak of S-R
translation at least two requirements need to be met.

First, there has to be some indication, whatever the level of analysis—
that response-related functional codes or brain structures are activated, at
least to some degree. These indications may be relatively direct, such as
the increase in activation of some part of the motor cortex in a brain-
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imaging study; or indirect, such as a reaction time pattern revealing
competition between alternative responses. The consequences of S-R
translation differ widely between situations, ranging from the unobserv-
able activation of a mild response tendency, overcome within a few milli-
seconds, to the actual execution of the activated response; clearly, these
differences are of great theoretical and practical moment. Yet, in this
chapter, all that counts is whether there is any indication of response
activation under particular stimulus conditions and task instructions.

The second requirement is that the measured arousal of response ten-
dencies, be systematically related to the present stimulus conditions.
Obviously, merely observing that some situations induce response ten-
dencies or increase the likelihood of responding does not yet allow one to
assume that some kind of stimulus information was translated into a cor-
responding response. To be sure that S-R translation actually took place
requires one to predict which response tendency was aroused as a func-
tion of which stimulus information. Its logical dependency on available
stimulus information already puts some constraints on the temporal and
functional locus of S-R translation in the sequence of stages in human
information processing. Indeed, most authors (e.g., De Jong 1993; Frith
and Done 1986; Kornblum, Hasbroucq, and Osman 1990; Meyer and
Kieras 1997; Pashler 1994) locate the S-R translation or response selection
stage in between what is commonly called the “perceptual” or “stimulus
identification” stage and those stages having to do with “response initia-
tion” and “response execution.” Although some stimulus processing is
required before the processed information can be translated into a re-
sponse, this does not mean that S-R translation has to await full process-
ing or identification of a stimulus. For instance, Miller (1988) and others
have argued that perceptual stages may pass partial output to response
stages before stimulus identification is complete. For our present pur-
poses, any specific, stimulus-related activation of response-related codes
or structures will count as evidence that S-R translation has taken place,
irrespective of the type of the corresponding stimulus information and
the degree to which it is processed.

Authors have characterized intentional and automatic processes in
many different ways (for overviews, see Neumann 1984; Schweickert and
Boggs 1984): intentional translation processes have been characterized as
controlled (by whatever state or mechanism), working serially (implying
only one translation at a time), capacity limited, effortful, conditional (on
intentions), and conscious, whereas automatic processes have been char-
acterized as uncontrolled, working in parallel (implying more than one
translation at a time), capacity unlimited, effortless, unconditional, and
unconscious. However, most of the data to be discussed here speak only
to the issue of whether, or how much, translation processes depend on
the perceiver’s or actor’s intentions, apart from some preliminary hints
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about whether these processes work serially or in parallel (thus being
capacity limited or unlimited).!

From a phenomenological perspective, it may seem odd to ask whether
S-R translation depends on intentions. We commonly feel that we per-
ceive an environmental event, think about it, and then deliberately select
an appropriate action without further ado. This view, which has so obvi-
ously motivated many stage models of information processing, strongly
suggests that S-R translation is a more or less direct reflection of the per-
ceiver’s or actor’s intentions. There is increasing empirical evidence,
however, for stimulus-induced and unwanted response activation, which
challenges the idea of S-R translation being under direct, immediate
intentional control.

11.1 THE DEMONSTRATION OF AUTOMATIC STIMULUS-
RESPONSE TRANSLATION

Under normal circumstances, we do not have the slightest doubt that the
actions we perform originate within ourselves, that we are the causal
agents in the process of transforming mere willing into actual moving.
Accordingly, many early psychological approaches to action control,
especially those based on the theorist’s introspection, assumed that
human action was guided and controlled by human will.

A well-known proponent of such an intentional view was Donders
(1868), who attributed the responsibility of translating perceptual infor-
mation into movement to an “organ of will” (wilsorgaan). To measure how
long this organ would need to make a decision, Donders manipulated
S-R uncertainty in a number of ways. In one experiment, subjects re-
sponded to the electrical stimulation of their left or right foot by mov-
ing their left or right hand, respectively. It turned out that subjects were
faster to respond correctly if they knew in advance which stimulus would
occur than when they did not, and Donders took this difference in reac-
tion time as an estimate for the combination of stimulus discrimination
and “determination of the will.” To further disentangle these two pro-
cesses, Donders employed a go/no-go task that required a selective
response to a specified subset of the stimulus set, pairing stimulus uncer-
tainty with response certainty. He reasoned that such a task would not
require any further will determination processes (assuming that the
response could be selected in advance), so that their duration could then
be estimated by subtracting the go/no-go reaction time from that
obtained in conditions requiring a response decision. He calculated will
determination to take 36 msec.

The outdated expression “will determination” easily translates into the
more fashionable “S-R translation” or “response selection” (Gottsdanker
and Shragg 1985). Indeed, despite marked changes in terminology, some
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information-processing models (e.g., Hasbroucq, Guiard, and Ottomani
1990; Pashler 1994; Sanders 1980; Teichner and Krebs 1974; Welford 1968)
are still based on the (sometimes implicit) idea of S-R translation as a
process that exclusively serves to realize the actor’s intention. Conceived
this way, S-R translation represents a control operation by means of
which the “will,” or some functional equivalent, decides what to do by
selecting one stimulus and activating the corresponding response. Fitting
well into this picture are claims (e.g., Pashler 1994; Welford 1952) that
S-R translation draws heavily on mental resources and thus constitutes
a rather fixed, structural bottleneck in the flow of information through
the cognitive system. On the other hand, a number of robust empirical
findings cast doubt on whether an account of S-R translation as purely
intentional is tenable. These findings fall into four categories, each sug-
gesting a different type of nonintentional and sometimes even counter-
intentional S-R translation.

Compatibility: Effects of Stimulus-Response Similarity

Since the classical work of fitts and Seeger (1953), it is known that the
speed of S-R translation depends not only on the stimulus or the response
but also on the relationship or mapping between stimuli and responses.2
If stimuli and responses vary on the same dimension, such as with left-
and right-hand responses to left- and right-side stimuli, then responses to
stimuli having the same value on the respective dimension (e.g., left
response to left stimulus) can be initiated faster than responses that do
not (e.g., left response to right stimulus).

Of greater interest for our purposes is that feature overlap between
stimulus and response affects performance even if this overlap is irrele-
vant to the task, as convincingly demonstrated by the Simon effect
(Simon and Small 1969; for an overview, see Lu and Proctor 1995). This is
observed when people make a spatial response, such as a left versus a
right keypress, to a nonspatial stimulus attribute, such as color. If the
location of the stimulus varies randomly, and if it does so on the same
spatial dimension as the response, performance is better if the stimulus
spatially corresponds to the response than if it does not. Importantly, this
is true not only for absolute spatial S-R correspondence, but also when
left and right stimuli appear within the same visual hemifield (Nicoletti
and Umilta 1989; Umilta and Liotti 1987) or when subjects respond with
two fingers of the same hand (Arend and Wandmacher 1987; Heister,
Ehrenstein, and Schroeder-Heister 1987). That is, anatomical linkage
between hemifield and hand is insufficient to account for the Simon
effect.

If S-R translation exclusively reflected the instructed S-R mapping
rules, stimulus location would have no effect. The location of the stimu-
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lus is obviously processed, however, which leads to at least partial acti-
vation of the spatially corresponding response. Presenting a left or right
stimulus can be shown to activate the corresponding response even when
the relevant stimulus feature calls for the alternate response—whether
response activation is assessed by means of lateralized readiness poten-
tials (De Jong, Liang, and Lauber 1994; Sommer, Leuthold, and Herma-
nutz 1993), electromyographical recordings (Zachay 1991), or registration
of subthreshold movements (Zachay 1991). Even symbolic stimuli with a
spatial meaning, such as left- or right-pointing arrows, can under certain
conditions automatically activate the corresponding response (Eimer
1995). Clearly, these findings provide strong evidence against S-R trans-
lation being purely under the control of intentions, all the more so
because the critical spatial stimulus feature is evidently not relevant for
the task at hand.

One might argue that, for some reason, the wrong stimulus feature is
“intentionally” translated into response activation, perhaps because the
(nonspatial) relevant stimulus dimension is sometimes confused with the
(spatial) relevant response dimension. Or S-R translation might always
need to take into account all the features of a relevant stimulus, so that
irrelevant features cannot be excluded. However, these attempts to save
the intentional translation notion are inconsistent with the observation of
Simon-type effects in tasks that, on a given trial, do not require any trans-
lation between attributes of the critical stimulus and the appropriate
response. For instance, if subjects are signaled to prepare a left- or right-
hand keypress in advance of a go/no-go signal—so that all relevant S-R
translations can be completed before that signal appears—performance
is still better with spatial correspondence between go signal and response
(Hommel 1995a, exp. 1). Correspondence effects show up even with
100% go- signal probability, that is, in simple reactions, and even when
responses are blocked over 80 consecutive trials (Hommel 1996).

Altogether, these findings clearly undermine the idea that the transla-
tion of stimulus location into response activation is wholly under the con-
trol of intentional processes. There is more evidence from nonspatial
tasks. The best known example is the Stroop effect (Stroop 1935; for an
overview, see MacLeod 1991), which occurs when people verbally name
the color of ink in which color words are written. Performance is better if
the color word denotes the color of ink to be named (e.g., “RED” written
in red ink) than if it refers to another color (e.g., “GREEN" written in red
ink). On the one hand, the occurrence of the Stroop effect can be taken to
show that the meaning of the stimulus word cannot be ignored but is
automatically translated into a (congruent or incongruent) response.3 On
the other, requiring subjects to name or respond to the color of the word
clearly introduces color as a task-relevant dimension, and it may be
exactly this task relevance that makes the word so difficult to ignore.

The Prepared Reflex in S-R Translation
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Habits: Effects of Overlearned Stimulus-Response Associations

From everyday life, we know how difficult it is to escape bad habits, that
is, to change or inhibit overlearned responses to particular stimuli
(Ouellette and Wood 1998). In what appears to be the first empirical
study of the interplay between will and habits, Ach (1910) argued that
human will can be studied best when opposed by overlearned habits that
need to be overcome. In his “combined method,” he first had subjects
acquire particular S-R associations by asking them, for instance, to pro-
duce a rhyme to a stimulus syllable (e.g., “zup” — “tup”). After extensive
practice, he presented the same stimuli but asked for another response,
such as reading the syllable backward (e.g., “zup” — “puz”; cf. Hommel
2000). According to Ach, practice leads to direct associations between
stimuli and responses, so that presenting a stimulus later on will auto-
matically activate the corresponding response. If this response is not the
correct one, it is up to the will to counteract the now dysfunctional habit
and to make sure that the intended response is made. This extra demand
should show up in two measures: (1) increased reaction time to stimuli
previously associated with a different response; and (2) increased occur-
rence of what Ach called “intended errors,” that is, production of the pre-
viously associated but now incorrect response.

Although the methodological standards of experiments in these early
days certainly do not meet today’s expectations—especially the lack of
inferential statistics and the small number of subjects per study—both
increased reaction times and increased frequency of “intended errors”
after the task switch were replicated many times by Ach and several of
his students (summarized in Ach 1935). According to Ach, these findings
indicate that a stimulus event not only provokes an intentional trans-
lation into an appropriate response; it may also, and at the same time,
automatically retrieve a previously acquired S-R association, thereby
activating the previously associated response.

In a better-controlled study, MacLeod and Dunbar (1988) followed the
same logic as Ach in trying to manipulate the relative strength of S-R
associations through differential practice (cf., Stroop 1935 for a very simi-
lar approach). They first trained their subjects to give verbal color word
responses to the shapes of polygons. Then colored polygons were pre-
sented, and subjects either named the color (color — color word, shape
being irrelevant) or responded to the shape (shape — color word, color
being irrelevant). In congruent conditions, stimulus color and shape
called for the same response, and in incongruent conditions the implied
responses were different. As it turned out, testing after only a little prac-
tice produced substantial effects of congruence on shape naming but
not on color naming, suggesting that the associations between stimulus
colors and color word responses were stronger than those between the
shapes and the just acquired color word responses. However, after more
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practice, congruence also affected color naming; after even more practice,
incongruent shapes had a stronger effect on color naming than incongru-
ent colors had on shape naming. Obviously, then, the relative impact of
irrelevant stimuli on response selection varies with the relative strength
of S-R associations, which suggests that the speed or likelihood of auto-
matic S-R translation, or both, can be affected by learning.

A similar conclusion might be drawn from the findings of Proctor and
Lu (1999). Their subjects practiced a spatial compatibility task for three
sessions with either a compatible S-R mapping (left stimulus — left
response; right stimulus — right response) or an incompatible mapping
(left stimulus — right response; right stimulus — left response) before
performing a standard Simon task requiring left-right responses to letter
stimuli. After compatible mapping practice, a Simon effect of normal size
was obtained, but an inverted effect was observed after incompatible
mapping practice. Possibly, learning an incompatible mapping leads to
the formation of S-R associations that are then automatically activated in
the Simon task, too, and thus cancel out, and even overwrite the usual
benefits of spatial correspondence.

Rules: Effects of Involuntary Application of the Mapping-Rule

Thus far, the evidence for automatic S-R translation discussed has been
restricted to S-R pairs that were either compatible or highly overlearned.
However, indications of automatic translation have also been observed
in single-session experiments (with no opportunity for extensive S-R
learning) using arbitrary S-R mappings. In none of these studies were
the translation-inducing stimulus attributes really task irrelevant, nor
was the translation completely unrelated to the task or the subject’s
intentions. Nevertheless, the translation indicated by the results was in-
voluntary and inappropriate, either translating the wrong stimulus or
occurring at the wrong time—the right rules used in a wrong way.

If people make a discriminative response to a visual target, their reac-
tion time is strongly affected by irrelevant stimuli surrounding the target.
For instance, if a left versus right keypress is made to the centrally pre-
sented letters H and S, which are flanked by other letters, performance is
better if target and flankers look the same (e.g., H flanked by Hs) than if
the flankers resemble the other, alternative target (e.g., H flanked by Ss;
Eriksen and Eriksen 1974). This is not just an effect of visual similarity or
distraction. If two dissimilar letters are assigned to each response,
flankers assigned to the same response as (but different from) the present
target produce better performance than flankers assigned to the alternate
response (Miller 1991). Such an effect suggests that both flankers and tar-
get are processed and activate their corresponding responses. Indeed,
incongruent flankers activate their assigned (incorrect) response to the
extent that the activation can be observed in the lateralized readiness
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potential (LRP; Coles et al. 1985), or in electrophysiological activity
(Eriksen et al. 1985) and overt, subthreshold movements of the wrong
hand (St. James 1990).

The flanker effect demonstrates that stimuli are not translated into
response activation only in strict conformity with the actor’s intention
and thus indicates some kind of automatic processing.4 It is also true,
however, that the incorrectly selected and translated flanker stimuli in a
flanker task are not completely irrelevant; after all, they are valid targets
that merely appear at a wrong location. On the one hand, S-R translation
in a flanker task is intentional in the sense that it realizes the intention to
respond to stimuli in a particular way. On the other, it seems that not
every aspect of the resulting translation can be controlled, so that, some-
what paradoxically, intended S-R rules are automatically applied.

A very similar picture emerges from studies on task-switching per-
formance: moving from one task to another does not switch off the pre-
viously used S-R mapping rules completely. Consider, for instance,
Sudevan and Taylor 1987, whose subjects responded to single digits
ranging from 2 to 9 by pressing a left or right key. There were two dif-
ferent S-R mapping rules, varying randomly from trial to trial, that were
signaled by a letter cue preceding the stimulus. According to one rule,
odd digits were assigned to one response key and even digits to the other,
while the alternate rule assigned low digits (2—5) to one key and high dig-
its (6-9) to the other. Obviously, such mappings introduce conditions of
rule or intertask S-R congruence and incongruence, inasmuch as some
stimuli require the same response under either S5-R assignment (e.g., “3”
if “odd” and “low” stimuli were assigned the same key), while other
stimuli imply different responses (e.g., “2”). In fact, intertask congruence
had a strong impact on performance, with response-congruent stimuli
(i.e., stimuli that in the alternate task would require the same response)
speeding up performance even if the mapping rule was precued as early
as four seconds before the stimulus set in. Similar effects have been
observed in Rogers and Monsell 1995, in Meiran 1996, and in several
experiments in our lab, suggesting that cross talk between tasks is a reli-
able phenomenon (cf., Allport and Wylie, chap. 2, this volume). As
observed by Otten et al. (1996), this cross talk can have far-reaching con-
sequences, with stimuli belonging to the currently invalid task triggering
their associated response up to a level of response-related LRPs.

Note that cross talk between different tasks can occur only if the map-
ping rules of these tasks are concurrently applied to translate the stimu-
lus into response activation. In fact, participants in task-switching studies
seem not so much confused about what to do as uncertain about which
(of the simultaneously applied) rules to follow. For instance, Meiran and
Daichman (forthcoming) had people switch between tasks under high
time pressure, so that many errors were made. Analyses and simulations
showed that the types of errors made were not random but rather
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reflected the correct use of the incorrect S-R mapping rule, which fits well
with the (commonly less pronounced) error patterns observed in other
task-switching studies. Obviously, then, we have here the same kind of
interplay between intentional and automatic processes as seen before. On
the one hand, we find evidence of S-R translation that is neither needed
nor helpful, which indicates a high degree of automaticity even in the
absence of extensive practice and S-R similarity. On the other, the out-
comes of these automatic processes do not seem erratic or habitlike, but
rather are strongly related to the actor’s intentions.

The same conclusion can be drawn from Hommel 1998a. Subjects
performed two tasks in a row (response order was strictly controlled), a
manual left-right keypressing response (R,) to the color (S,) of a stimulus,
followed by a verbal color name response (R;) to the form (S,) of the same
stimulus. As often found in such double tasks, the second response was
delayed relative to the first by a half second or more, hence there was a
“psychological refractory period” (PRP) effect (Telford 1931). However,
the type of R, strongly affected reaction time in the primary manual task.
If the meaning of R, corresponded to the color of S; (e.g., S;=red; R,
=“red”) the response to S; was much faster than if R, and S; did not
match (e.g., S; = red; R, = “green”). This could only happen if R, was acti-
vated before the primary task was completed, which again implies that
(at least some) S,-R; translation must have taken place with or even
before the processing of S; and R;. Obviously, then, S-R translation is
unlikely to be the “structural bottleneck” that is widely believed to be
responsible for dual-task costs and PRP effects (e.g., Pashler 1994, chap.
12, this volume; Welford 1952). Whatever or wherever this bottleneck
may be, it does not seem to prevent different stimuli from being trans-
lated into response activation at about the same time. Indeed, the appli-
cation of arbitrary S5-R translation rules seems to be so automatic that
it occurs even if it or its timing produces unintended and inappropriate
results.

Integration: Aftereffects of Stimulus-Response Binding

The previous examples show that extensive learning may promote, but
is not always necessary to bring about, automatic S-R translation. Even
single-trial learning can produce stimulus-triggered response activation.
Hommel (1998b) used a task that required two responses (R; and R,) to
two stimuli (S, and S,) on each trial. Participants were presented with a
response cue that signaled the identity of R, (e.g., left versus right key-
press). R; was prepared but not performed until S; was presented.
Although S varied randomly in shape, color, and location (e.g., green
versus red; X versus O; top versus bottom position), R, did not depend
on or covary with any of the features of S;. About 1 sec later, S, appeared;
it varied on the same dimensions as S, with one feature (shape, say) sig-
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naling R,. That is, the already prepared, simple R; was made to the mere
onset of 54, and the binary forced-choice discrimination R, was made to
the relevant feature of S,. For example, a left-pointing arrow might cue a
left-hand response, which is then prepared and performed at S; onset,
independent S, being, say, a red X in the top position. After 1 sec, S,
would appear (e.g., a green X at the bottom position), with its shape
signaling a left-hand response. (Note that this example implies repetition
of stimulus shape and response, and alternation of stimulus color and
location.)

One might expect several kinds of repetition effects with a task like this,
such as better performance if a stimulus feature or the response is re-
peated. Indeed, repetition effects were obtained, although not very reli-
ably so and only in task versions with very short intervals between S; and
S, (Hommel] forthcoming-a). Much more interesting, however, is the con-
sistent observation that stimulus- and response-related repetition effects
interacted. In particular, repeating stimulus shape or location was
beneficial only if the response was also repeated; if not, shape or location
repetition yielded interference instead (Hommel 1998b). Apparently, a
single co-occurrence of S; and R; resulted in an association or binding of
stimulus (features) and response (features). As a consequence, presenting
the same stimulus (feature) reactivated the associated response, which
caused a problem if this response was not the correct one, that is, if the
repeated stimulus required a new response. That automatic response acti-
vation is indeed involved is also suggested by experiments in which the
forced-choice R, was replaced by a free-choice response to S,. Even if
urged to avoid any strategy and produce random behavior, participants
tend to repeat R, if S; is also repeated (Hommel forthcoming-b). Being
unintended, unwanted, and unhelpful, these 5-R binding effects fulfill
the most common criteria for automaticity and hence represent a case
of automatic S-R translation. Interestingly, however, they clearly do not
result from practice or S-R compatibility, or from applying S-R rules in an
inappropriate way.

Automaticity: Types versus Degrees

The foregoing examples making the case for automatic translation stem
from a broad range of tasks and paradigms and may therefore seem to
indicate very different kinds of automaticity. However, it is tempting to
try ordering them on a common dimension, such as the length of the
learning history involved. Binding effects, which result from experienc-
ing a single S-R co-occurrence, clearly have the shortest history, followed
by effects indicating inappropriate rule use, which can be measured after
only 50 trials or less. Then we have effects of S-R associations that seem
to take several sessions of practice to emerge and, finally, effects of S-R
compatibility, which are sometimes attributed to extreme overlearning

Hommel



257

of S-R relationships (cf. Umiltd and Zorzi 1997). Indeed, the available
demonstrations of automatic S-R translation may differ only with respect
to the strength of the underlying S-R associations and thus indicate
merely different degrees or states, not different types of automaticity.

Although such an account is attractively parsimonious, it is not sup-
ported by the (still few) findings that speak to this issue. First, there is no
evidence available as to whether binding effects increase with the num-
ber of consistent S-R occurrences, so that it is not clear whether binding
is the first stage of S-R associative learning or only a temporary phenom-
enon. Second, there is no indication that effects of inappropriate rule use
would increase over practice. On the contrary, whereas Hommel (1998a)
found no systematic relationship between effects of automatic, inappro-
priate rule use and practice within a single session, Sudevan and Taylor
(1987) observed a general decrease of such effects over 20 sessions of
task-switching practice. Third, whereas there is strong evidence for the
impact of task-irrelevant S-R associations on performance increasing with
practice (MacLeod and Dunbar 1988), the studies on automatic rule
use (Hommel 1998a; Sudevan and Taylor 1987) have found no evidence
of such a relationship, suggesting that the two kinds of effect are of dif-
ferent origin.

Fourth, up to now there is no convincing evidence that S-R compatibil-
ity effects are due to S-R learning. Of course, testing this assumption is
difficult—if we are talking about lifelong experience (e.g., responding
with the right hand to objects on the right side or verbally responding to
objects with their name), it would be unethical to prevent subjects from
having this experience and impractical to experimentally induce an equi-
valent number of (counter-) practice trials. Nevertheless, several studies
have investigated whether S-R compatibility effects could be eliminated
through extensive practice. For instance, Fitts and Seeger (1953) found
better performance with spatially compatible than with incompatible
S-R mappings even after 32 sessions of practice. Later studies all showed
the same pattern of results. During the very first trials, subjects have
much more difficulty getting into the task with an incompatible than
with a compatible mapping, but then the difference between compatible
and incompatible conditions stabilizes very quickly and is more or less
unaffected by further practice (e.g., Brebner, Shephard, and Cairney
1972; Dutta and Proctor 1992; Morin and Grant 1955). A similar pattern
has been observed in Simon tasks. Although Simon, Craft, and Webster
(1973) did find a reduction during 5 sessions of 216 trials each, a pro-
nounced Simon effect was still observed in the final session (see also
Proctor and Lu 1999). Even 30 sessions of 210 trials each do not suffice to
eliminate the effect, as demonstrated by the performance of a single,
heroic subject in Hommel 1995b.

To sum up, the available findings do not support the assumption of a
single dimension of automaticity or associative S-R strength on which the
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observed phenomena could be easily ordered. However, given that some
relationships between significant phenomena have not yet been in-
vestigated and that some of these relationships are difficult to investi-
gate in any meaningful way, it would be premature to draw definitive
conclusions.

11.2 MULTIPLE ROUTES FROM STIMULUS TO RESPONSE

We have seen substantial evidence against the intuitive, but perhaps
naive idea that S-R translation is a control operation that realizes the
intentions of a perceiver or actor, thereby shielding the action system
against unwelcome stimulus-induced action tendencies. The insight that
S-R translation is only partially under intentional control has led to the
formulation of several models that assume both an intentional and an
automatic route from perception to action. I shall review some of the
most influential dual-route models, considered state-of-the art in many
domains of information-processing psychology, pointing out limitations
that need to be overcome if we are to achieve a comprehensive model of
S-R translation.

Dual-Route Models

Part of the reasoning behind today’s dual-route models can already be
found in Ach 1910, which distinguished between will, a capacity-limited
mechanism in charge of S-R translation and action control, and habits,
S-R associations that result from and become stronger with S-R learning.
Habits are assumed to lead to fully automatic S-R translation, that is, to
the activation of the response most often associated with the given stim-
ulus in the past. If the outcome of this translation is in agreement with
(i.e., functional for reaching) the intended action goal, only minimal
effort (or will power) needs to be applied, and execution is facilitated. If
an existing habit activates a counterproductive tendency, however, this
needs to be overcome by an increase in effort deployed.

Although current dual-route models are often more specific as to the
processes involved and the conditions that need to be fulfilled, the gen-
eral idea that habit and will compete for action control is still alive—even
if habitual 5-R translation is now called “automatic” or “unconditional”
and willed translation referred to as “intentional” or “conditional.” A
model that has much in common with Ach’s has been suggested by
Logan (1988), who assumes that each experience of a S-R episode leaves
a memory trace of an “instance.” Attended stimulus events necessarily
retrieve the instances associated with them and, through that retrieval,
activate the associated response. The more S-R co-occurrences experi-
enced in the past, the more instances retrieved; the more instances
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retrieved, the more likely it is that the corresponding response will be
activated, which then will compete with intentional, rule-governed S-R
translation processes for action control. Although the two models imple-
ment habits in different ways—through the strengthening of single S-R
associations (Ach) and through a separate trace for each experience
(Logan)—the general way they characterize the relationship between
intentional and automatic S-R translation is very similar.

Perhaps the most general of dual-route models, Kornblum, Hasbroucgq,
and Osman’s “dimensional overlap model” (1990) attributes S-R compat-
ibility effects to a competition between automatic response activation and
voluntary S-R translation. If, and only if, a stimulus event shares features
with a response, such as with spatial S-R correspondence in a Simon task,
the stimulus activates the corresponding response automatically and in
parallel to the controlled translation of the relevant stimulus feature into
the correct response. If the automatically activated response happens to
be appropriate, response execution is faster and performance better. If
not, the system must suppress the misleading response tendency before
the correct response can be issued—a time-consuming process. This basic
architecture is shared by other, less general models of S-R compatibility
(e.g., De Jong, Liang, and Lauber 1994; Hommel 1993a; Lu 1997; Virzi and
Egeth 1985).

In the last decade, computational parallel distributed processing (PDP)
or neural network models of S-R compatibility have spelled out the dual
routes in increasing detail, often implementing intentional and automatic
routes in very similar ways. Typically, stimulus feature codes are
assumed to be permanently connected to codes of responses they share
features with, such as a left stimulus code and a left response code (e.g.,
Barber and O’Leary 1997; Kornblum et al. 1999; Zorzi and Umilta 1995).
Consequently, registering and coding a stimulus leads to a spreading of
activation to the feature-overlapping response, hence to automatic S-R
translation. In contrast, intentional translation is modeled by introducing
temporary, short-term associations connecting codes of the relevant stim-
ulus feature or features and the respective response. These associations
are task specific and intention dependent and may be taken to represent
something like S5-R rules temporarily stored in working memory.

The notion of dual routes from perception to action has advanced our
basic understanding of S-R compatibility and motivated a wealth of
empirical investigations. It has played a crucial role in explaining, among
other things, the consistent observation that the Simon effect decreases
with increasing task difficulty (De Jong, Liang, and Lauber 1994; Hommel
1993a) and the dependence of spatial compatibility effects on task prepa-
ration (De Jong 1997; Shaffer 1965). There are several reasons, however,
why the basic idea and architecture of dual-route models may fail to fully
capture the essence and diversity of S-R translation. I shall discuss three.
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Multiple Routes to Action

Constructed to serve rather specialized purposes, such as accounting for
practice effects or effects of 5-R compatibility, existing dual-route models
emphasize one particular type of automaticity and neglect others. In-
asmuch as there is more than one type or cause of automatic S-R
translation, however, none of the available models seems sufficiently
developed to serve as a comprehensive model of S-R translation. Such a
model would need more than two routes or pathways from perception
to action. To model such multiple pathways, we need to understand the
relationships between the various phenomena indicative of automatic
translation.

First, we need to know whether S-R binding is only a process for short-
term temporary integration or whether it also represents the mechanism
that forms long-term S-R associations—what Logan (1988) has called
“instances.” Second, we need to know when, how, and why S-R rules,
stored in working memory to guide current behavior, can be accessed
and used by other, inappropriate or irrelevant stimuli to activate the cor-
responding responses, and what roles short-term binding and long-term
learning play in this context. Third, we need to know more clearly what
the relationship is between habits or overlearned S-R associations and
S-R compatibility. Take, for instance, MacLeod and Dunbar’s finding
(1988) that practicing at naming shapes with color words results in
Stroop-like interference with naming colors. If this effect indicates some
kind of acquired compatibility between irrelevant stimulus shape and
response (which are defined on nonoverlapping dimensions), this would
seem to argue against, say, the dimensional overlap model of Kornblum,
Hasbroucq, and Osman (1990). Alternatively, if the effect is assumed to be
mediated by different mechanisms and simply to mimic compatibility
effects, we need to specify these mechanisms and how they differ from
those mediating compatibility effects. This in turn requires compatibility
models to be specific as to why similarity between stimulus and response
sets lead to automatic S-R translation—an issue commonly neglected in
dual-route models (but see Eimer, Hommel, and Prinz 1995; Hommel
1997).

Automaticity of Intentional Translation

Obviously, people can respond to the same stimulus in many different
ways, depending on the task or context and, most important, depending
on their intentions and strategies. To account for this enormous degree of
flexibility in S-R translation, dual-route models have been equipped with
“intentional” or “controlled” pathways, that is, with perception-action
links that are under full control of the perceiver’s or actor’s intentional
states. On the other hand, we have already seen that intentional or con-
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trolled translation is not always as intended and controlled as it should
be: irrelevant flankers activate arbitrarily assigned responses, and task-
specific S-R rules are inappropriately applied while performing another
task. This means that stimuli can activate responses automatically not
only via the automatic pathway proposed by dual-route models but also
by the intentional route. If so, it cannot be the process of S-R translation
that is under intentional control, but rather the implementation of the
underlying S-R rules. That is, although intentional states may determine
which rules are selected, formed, and implemented, once they are estab-
lished, stimuli seem to have direct and uncontrolled access to these rules,
leading to automatic translation via intentional routes.

This conclusion has important theoretical implications. First, as far as
S-R translation is concerned, it shifts the time point of intentional control
from the interval between stimulus perception and response selection to
the beginning of a task. In a sense, such a view stands in contrast to
Donders’s idea (1868) that “will determination” follows perception—an
idea that has made its way into many modern information-processing
models. In fact, if the preconditions for S-R translation are already set
before a stimulus comes up, at least part of the will has already been
determined in advance, a consideration I will develop in the section 11.3.

Second, if intentional S-R translation is really as automatic as the avail-
able findings suggest, it is unlikely to represent the processing bottleneck
that has always been associated with it by single-channel models of dual-
task performance since Welford 1952. Obviously, if more than one stimu-
lus at a time can be translated into a response, there is no reason why
costs observed in dual-task performance should have something to do
with S-R translation. Rather, it may be the automaticity of intentional
translation, not the lack of it, that causes the trouble. If more than one
stimulus at a time is translated into its response, the system may need to
find out which response belongs to which stimulus, and in what order
the responses are to be carried out. This may be called a problem of
“response selection,” but not one of S-R translation (Hommel 1998a).

Intentionality of Automatic Translation

Although exact criteria for automaticity are still under debate (e.g., Bargh
1989; Hasher and Zacks 1979; Neumann 1984), dual-route models explic-
itly or implicitly share the definition of Kornblum, Hasbroucq, and
Osman (1990, 261) that the automatic route can “under some conditions
be attenuated or enhanced” but “under no conditions ... ignored or by-
passed,” and that, accordingly, people “whether instructed to use or to
suppress an automatized process would therefore produce evidence of its
operation in their performance.” There are reasons to believe, however,
that automatic S-R translation is not independent of the task at hand and
the instructions given to acting participants. In particular, it has been
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shown that the occurrence of effects attributed to automatic translation
depends on attention (i.e., the way stimuli are selected and coded), inten-
tion (i.e., the way responses are prepared and coded), and on task-specific
strategies.

Attention and Stimulus Coding A first demonstration of the impact of
instructions on “automatic” S-R translation comes from the observation
that the Simon effect occurs not only with unilateral, but also with sym-
metrical, bilateral stimulation. That is, even when people are presented
with a left and a right stimulus at the same time, with the relevant one
defined by its form (Grice, Boroughs, and Canham 1984), color (Hommel
1993b; Proctor and Lu 1994), or meaning (O'Leary and Barber 1993), they
are faster if the relevant stimulus comes up on the same side as the
required response. Thus it is not the spatial correspondence between any
stimulus and the response that matters for the Simon effect, but the
spatial relationship between the attended stimulus of a display and the
response (Stoffer and Umilta 1997). Given that the task instruction
specifies which stimulus to attend to, this implies that there is no Simon
effect without specific task instructions, at least when more than one stim-
ulus is presented at a time. Inasmuch as the Simon effect is attributed to
automatic S-R translation, this kind of translation cannot be completely
independent from the task.

There are more challenging findings. Consider, for example, Eimer’s
observation (1995) that response-irrelevant arrows automatically activate
corresponding responses, a finding consistent with dual-route models of
S-R compatibility. In a recent lateralized readiness potential study, Eimer
and Schlaghecken (1998) showed that even subliminal (i.e., not con-
sciously perceivable) arrowheads preceding a target arrow activated the
corresponding response. However, as soon as the relevant arrow stimuli
were replaced by letters without any spatial meaning, arrow primes no
longer produced “automatic activation.” Obviously, the translation of
stimulus information into the activation of spatially congruent responses
can depend critically on what relevant information a perceiver or actor
intends to translate—hence automatic translation depends on intentions.

A very similar conclusion is suggested by the findings of Cohen and
Shoup (1997), who modified the standard flanker task by manipulating
targets and distractors on two dimensions: color and orientation. For
instance, one response key could be assigned to a red vertical line and a
blue right diagonal line and the other key to a green vertical line and a
blue left diagonal line. If target and flankers were defined on the same
dimension (e.g., red vertical line flanked by red vertical lines versus green
vertical lines), the standard flanker effect was obtained, that is, congruent
flankers produced better performance than incongruent flankers. If, how-
ever, target and flankers were defined on different dimensions (e.g., red
vertical line flanked by blue right diagonal lines versus blue left diagonal
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lines), there was no congruence effect—an observation also made by
Fournier, Eriksen, and Bowd (1998) in a speeded feature judgment task.
It seems that, although incongruent flankers are unintentionally trans-
lated into corresponding response activation, the probability of this trans-
lation is strongly determined by what is defined and identified as target,
that is, by task-specific, attentional and intentional processes. This fits
nicely with the results of Bauer and Besner (1997), who showed that
Stroop words affect keypressing responses only if participants classify the
ink of the words, but not if they judge whether a given color is present
or absent (even if RT levels are comparable). Obviously, automatic pro-
cesses are (or at least can be) task dependent.

Intention and Response Coding Evidence for a role of response sets in
SR translation comes from Hommel’s 1996, study on spatial S-R com-
patibility in simple, prepared responses. One major outcome was that
effects of S-R compatibility are not restricted to situations involving
response uncertainty, as commonly believed (e.g., Berlucchi et al. 1977),
but also occur if a completely prepared response is made to a spatially
compatible or incompatible go stimulus. It also turned out that the size
of the compatibility effect depended strongly on the task relevance of
the responses. For instance, if the same (left- or right-hand) response
was used throughout a long block of trials, the effect of spatial corre-
spondence between response and go signal was very small and often
insignificant. Interestingly, though, much larger and more reliable corre-
spondence effects showed up when another spatial (i.e., right- or left-
hand) response was used in a secondary task performed in between the
trials of the compatibility task. Apparently, the overlap of stimulus and
response features is not a sufficient predictor of automatic S-R translation.
Whether a particular response possesses a particular feature and whether
this feature overlaps with those of the stimulus are of little consequence
if the task at hand does not require use of the response feature to dis-
criminate the response from another one. In other words, similarity
between a stimulus and a response produces “automatic” 5-R translation
only (or at least mainly) if the respective feature dimension is important
to the given task context.

If this is so, one should be able to manipulate the kind of “automatic”
S-R translation by asking the participant to attend more to some response
features than to others. This is what Hommel (1993c) did in a version of
the Simon task, where people responded to the pitch of a tone heard ran-
domly on the left or right side by pressing a left- or right-hand key.
Pressing a particular key flashed a light on the opposite side, so that each
response had two spatial features: the location of the finger or key and the
location of the action-contingent light. When subjects were instructed, as
in a standard Simon task, to “press the left/right key in response to the
low/high pitch,” left-hand keypresses were faster to left-side tones and
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right-hand keypresses were faster to right-side tones—a standard Simon
effect. When, however, subjects were instructed to “flash the right/left
light in response to the low /high pitch,” left-hand keypresses were faster
to right-side tones and right-hand keypresses were faster to left-side
tones. Obviously, the instruction not only had a strong impact on auto-
matic S-R translation; it actually determined its outcome. Merely describ-
ing the task in terms of keypressing led the participants to code their
responses with respect to the locations of the response keys, whereas
describing the very same task in terms of light flashing persuaded them
to code their responses with respect to the locations of the lights. If we
attribute the Simon effect to automatic S-R translation, this is further evi-
dence that automatic translation is not independent of how participants
interpret the task and how they intend to solve it.

Strategies and Implementation of Stimulus-Response Rules Apart
from stimulus- and response-related factors, automatic translation can
also be affected by task-specific strategies and expectations. Evidence for
this comes from variations of the relative frequency or likelihood of
stimulus-stimulus-congruent or stimulus-response-compatible trials
in Stroop tasks (Logan 1980; Logan and Zbrodoff 1979), flanker tasks
(Gratton, Coles, and Donchin 1992), and Simon tasks (Hommel 1994; Toth
et al. 1995), that is, from manipulations of the utility of irrelevant, but
response-related information. Whatever the task, increasing the fre-
quency of congruent or compatible trials increased, and decreasing the
frequency decreased or even eliminated, the effect. In the same vein,
Proctor, Lu, and Van Zandt (1992) found that the Simon effect gets larger
if the likely response is precued and can be prepared in advance. Clearly,
these observations suggest that the degree and outcome of automatic
translation is modified by, and sometimes even depends on, task-specific
strategies and preparatory processes.

Further evidence for a role of task preparation has been reported by
Valle-Incldn and Redondo (1998), who measured response activation in a
Simon task by means of LRPs. The relevant S-R mapping was not fixed in
this study, but varied randomly from trial to trial, as did the temporal
order in which mapping and stimulus were presented. When the map-
ping was presented before the stimulus, the stimulus immediately acti-
vated the spatially corresponding response, independently of which
response was correct. That is, there was evidence of automatic S-R trans-
lation. On the other hand, when the stimulus appeared before the S-R
mapping, automatic response activation was no longer observed.
Apparently, although automatic S-R translation did not follow the rele-
vant S-R rules, it required their implementation or at least, as Valle-Inclan
and Redondo suggest, some degree of readiness to react. Whatever the
correct answer may be, it seems clear that automatic routes proposed by
dual-route models can be “ignored or bypassed,” which stands in con-
tradiction to how these routes are typically defined and characterized.
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11.3 PROSPECTS: STIMULUS-RESPONSE TRANSLATION AS
PREPARED REFLEX

The abundant evidence for several kinds of automatic access of stimuli
to action control calls for a translation model with more than just one,
highly controlled pathway from perception to action. As a consequence,
several dual-route models have been developed to account for different
aspects of the available evidence, and these models are quite successful
in their respective empirical domains. On the other hand, if we want a
comprehensive S-R translation model not restricted to particular experi-
mental effects, we still have some way to go.

I have sketched three major theoretical problems that need to be
solved. First, a comprehensive model is likely to comprise more than two
routes. There is evidence of at least four kinds of automatic 5-R transla-
tion, and the ways they differ do not suggest that they originate in the
same type of process. It thus seems insufficient to distinguish just one
intentional and one automatic route. We need more complex, multiroute
models. Second, observations of inappropriate rule use suggest that the
intentional route from perception to action is not very tightly controlled,
but can be automatically accessed by task-related stimuli. This raises
doubts about the usefulness of distinguishing between controlled and
uncontrolled routes, or at least requires that we specify exactly when and
how control is exerted. Third, phenomena that current dual-route models
attribute to automatic S-R translation strongly depend on attentional set
and action intentions, suggesting that the supposedly automatic route is
not uncontrollable. Thus, all in all, there are reasons to doubt that the
roles of, and the interplay between, control and automaticity in S-R trans-
lation are best captured by the distinction between intentional and auto-
matic routes.

A more suitable approach to the control-automaticity relationship
might be derived from consideration of Exner 1879. On the basis of his
introspections in “reaction time” experiments (a term he had introduced
to psychology six years earlier), Exner explicitly rejected the notion that
intentional control (or the will) intervenes between stimulus and
response—a notion that seemed quite natural to Donders and that still
does to his followers. Exner argued that preparing for a task is accom-
plished by setting oneself, long before the first stimulus comes up, into a
state that ensures that responses are carried out efficiently and as in-
tended. Although evoking that state is a voluntary act requiring atten-
tion, once the state is created, the response is actually involuntary, that is,
no further effort of will is needed to translate the upcoming stimulus into
the response. In fact, stimuli trigger their respective response unless the
mediating state is actively deactivated or inhibited. According to this
conception, intentional processes do not actually carry out S-R transla-
tion, but only configure the cognitive system to do so automatically, once
the defined target stimulus arrives—that is, as a “prepared reflex”
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(Woodworth 1938). Interestingly, the old idea of theoretically distin-
guishing between intentional set implementation and set-dependent, but
automatic S-R translation is currently experiencing a revival (see the
overview by Monsell 1996), and recent models such as those of Cohen
and Huston (1994) or Meyer and Kieras (1997; Kieras et al., chap. 30, this
volume) can be viewed as first, systematic attempts to implement the
major aspects of this distinction into a computational framework.

From a prepared reflex perspective, it is not so surprising to find evi-
dence of both automaticity of intended S-R translation and intentional
control of automatic routes. Obviously, a prepared cognitive reflex is nei-
ther exclusively automatic nor exclusively voluntary. On the one hand, it
is implemented as a consequence of, and does express a voluntary deci-
sion to perform an action under particular circumstances in a particular
way and thus necessarily depends on task and intention. If so, the result-
ing task set is likely to reflect the way the task is understood and inter-
preted by the perceiver or actor, and hence determines how stimuli are
coded (e.g., which stimulus features are attended and linked to response
features), how responses are coded (e.g., which response features are
attended and linked to stimulus features), when stimulus information is
expected, and when actions are prepared and issued. As we have seen, all
these decisions have a strong impact on the occurrence of automatic
processes, and therefore can be regarded as both implementing arbitrary,
transient S-R connections (the intentional route) and directly or indirectly
enabling learning- or compatibility-related S-R associations (the auto-
matic route).

Once a task set is implemented (and automatic routes enabled), how-
ever, the whole system is prepared to act in an automatic fashion—and
this may sometimes produce undesirable side effects. It is certainly an
advantage that the cognitive system is able to automatize itself, so to
speak, so that the onset of a stimulus immediately triggers the corre-
sponding prepared action without (much) further ado. On the other
hand, the price to pay for this economical solution is that unwanted infor-
mation will sometimes lead to troublesome consequences, especially if an
irrelevant stimulus fits the internal description of the triggering stimulus,
such as in flanker or Stroop tasks, or in task-switching experiments.
Nevertheless, even unhelpful and misleading S-R translations of this
sort strictly depend on, and thus in some sense represent, the actor’s
intention.

Such a prepared reflex view may be helpful in developing a compre-
hensive theory of S-R translation. Indeed, it complements and extends
recent attempts at computational modeling of S-R translation processes in
compatibility and related tasks. Take, for instance, the models of Barber
and O'Leary (1997) and of Zorzi and Umilta (1995), which distinguish
between transient S-R associations reflecting the instructed 5-R mapping
and permanent links that can be hard-wired or acquired through learn-
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ing. Although this distinction maps onto that of intentional and auto-
matic routes, once the transient links are implemented, they work in a
purely stimulus-triggered fashion like their permanent counterparts.
That is, the two types of pathway differ only in history and durability, not
in automaticity. The same can be said of the model proposed by Cohen,
Dunbar, and McClelland (1990) and Cohen and Huston (1994), who went
one step further in attempting to deal with the process of route imple-
mentation itself (also treated in Meyer and Kieras 1997). To do so, task
demand representations are postulated, the activation of which (e.g.,
through presenting task instructions) can directly modify the flow of
information from stimulus to response codes. In this case, S-R links differ
neither in permanence nor automaticity, but in task-specific strength only.
Although it is clear that more work needs to be done to understand and
model in greater detail how S-R associations are acquired in the first
place, how stimulus and response coding can affect the implementation
or use of S-R links, and how the preparation to act influences the likeli-
hood of automatic S-R translation, current modeling attempts are very
much in line with the idea of S-R translation as a prepared cognitive
reflex.

To summarize, we have seen that S-R translation is not just a direct
expression of human will, nor is it satisfactorily sketched as a competition
between fully automatic, stimulus-triggered processes and autonomous
control operations representing an on-line realization of task intentions.
S-R translation is almost always modulated by the intentions of the per-
ceiving or acting person. Rather than directly intervening between stim-
ulus perception and response selection, and thus actually performing the
translation, intentional processes seem merely to set the stage for later
S-R translation and to leave the rest to the dynamic interplay between
intentionally implemented and nonintentionally enabled automatic
processes. Even though this kind of interplay may sometimes produce
unwanted side effects, we must not forget that intentions usually refer to
behavioral outcomes, not to processes realizing them. Therefore, the
functionality of our intentionally controlled automatic processes should
be judged in terms not of reaction times but of behavioral outcome. Given
that, with sufficient time, no subject in a Stroop task would ever name the
color word, this surely provides a much brighter perspective on our
capacity for self-control.

NOTES

1. Some evidence pertaining to the relationship between conscious awareness and the con-
trol of manual pointing and grasping is reviewed by Milner (chap. 9, this volume), although
the distinction made there between processing streams for conscious perception and for
visuomotor control does not easily map onto the distinction between intentional and auto-
matic S-R translation discussed here.
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2. In this chapter, the terms compatible and incompatible refer to the relationship or mapping
between stimuli and responses, whereas the terms congruence and incongruence refer to the
relationship between stimuli or between responses.

3. The Stroop effect has also been observed with manual keypressing responses (e.g., in the
absence of S-R feature overlap; Keele 1972), which might be taken to suggest a contribution
of stimulus-stimulus (in)congruence to the overall Stroop effect (e.g., Kornblum 1994). Even
if this were so, however, the robust finding that switching from manual to verbal responses
substantially increases the effect (e.g., Redding and Gerjets 1977) shows that S-R compati-
bility makes an important contribution of its own.

4. Note that this conclusion in no way depends on the actual cause of the flanker effect.
Whether the effect is due to a conflict between target- and flanker-activated responses
(Eriksen and Schultz 1979) or to interactions between target- and flanker-coding processes
(Kornblum et al. 1999)—implying that response activation only reflects, but does not pro-
duce, the flanker effect—it is clear that (1) flanker information is translated into response
activation and (2) this particular translation is not intended.
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