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Abstract This paper reviews psychophysical evidence for
the existence and the nature of two types of anticipation in
goal-oriented action. The first one relates to attained chan-
ges of the perceptual world, thus to action goals. These
anticipations determine appropriate motor output. We argue
that goal codes do not only serve as a reference unit, against
which cutrently produced behavioral effects are compared.
Rather voluntary actions appear to be planned literally in
terms of intended behavioral effects. The second type of
anticipation relates to the environmental conditions that
have to be met to bring an intended effect into being. These
anticipations serve to trigger selected actions, when appro-
priate execution conditions are encountered. Alio gether, the
behavioral evidence portrays a remarkable automaticity of
goal-oriented action. Once a goal exists (Wherever it might
come from), corresponding efferent output is generated and
executed under appropriate conditions.

Introduction

Evolution has brought about different ways to enable
organisms to behave adaptively, One way is to furmnish
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organisms with a fixed set of behavioral responses to a set
of relevant stimuli, so that certain stimuli elicit certain
predetermined responses automatically (Tinbergen 1951).
Frogs might behave this way when they catch a passing fly
by fulgurously protruding their tongue. It is fair to say that
cognitive psychology has at times portrayed a picture of
human behavior that appears somehow frog-like. From the
days of Donders (1868), it has become commeon practice to
conceptualize action control as a chain of processing steps
between certain stimulus input and certain motor output
(Neisser 1967; Sanders 1980; Sternberg 1969, cf. Fig. 1).
In this model, behavior appears as mere reaction to stim-
ulation, in a sense, frog-like. And admittedly, this model
seems to describe quite well the sequence of events in the
favorite situation of cognitive psychologists, the choice
reaction lask—a stimulus is presenied, let us say the letter
“A,’” some processing occurs, and a corresponding motor
response, let us say a left key press, is eventually emitted.
This approach has accumulated a number of important
findings and methods that have become standard knowl-
edge of cognitive psychology (Sanders 1998).

Yet, this approach is not unproblematic. The main
problem is not so much the simplicity of the studied
behavior (key pressing in this case). At any rate it is fair to
simplify matters when we investigate human behavior in
the lab. The main problem is that it inadequately describes
human behavior as stimulus-driven. Human behavior de-
pends much less on current stimulation than on to-be-at-
tained goals, be these goals complex, such as writing a
scientific paper, or simple such as typing the letter ‘I’ on a
computer keyboard. Thus, the cause of our actions lies not
so much in the present (in the stimutus), but in the future
(in the goal). This applies to behavior in general and to
choice reaction tasks in particular, Nothing would happen
after a stimulus if the actor did not have the goal to produce
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the required response, that is, if (s) he did not have the
intention to see, feel and possibly hear the re-afferences of
the required motor pattern. Thus, the letter “*A” in a cheice
reaction experiment is in fact nothing more than a request
to the participant to produce the sensory consequences that
a left key press normally produces. In other words, even a
response as simple as a key press is a goal-oriented action
(Hommel et al. 2001; Prinz 1997; 1998). The important
step forward for such a perspective is that it focuses on the
processes that oceur prior te, and independent of, certain
stimulation rather than on the processes that intervene be-
tween stimulus and response (Fig. 1).

The relevance of such preparatory processes has not
gone unrecognized in cognitive psychology. Monsell
{1996) noted that the ability of participants to transfer a
verbal instruction into accurate behavior in a choice reac-
tion experiment is actually one of the most challenging
puzzles in cognitive psychology. The preparatory processes
assumed to mediate this ability have often been described
as task set implementation (Monsell 2003), and the
assumption is that task seis alter top-down the way stim-
ulus input is transformed into motor output (Braver and
Barch 2006; Dosenbach et al. 2006). In the following, we
want to discuss the role of anticipation in such task sets,
and in goal-oriented action in general.

There are two sorts of anticipation that we have to
consider here (Hoffmann 1993, 2003: Butz and Hoffmann
2002). The first anticipation relates to the intended effect of
the action and thus the goal (Fig. 2). Obviously some
representation of an intended effect has to precede the
action self, otherwise it would be impossible to specify a
goal-satisfying motor pattern at all, These anticipatory
codes can be termed effect anticipations. For example, 1o
pick strawberries, some representation of the hand touching
a strawberry seems necessary to select an appropriate
grasping movement. In a choice reaction experiment, some
representation of a key press (what it feels like, looks like,
sounds like and so on) appears necessary to intentionally
select the desired key press. Obviously, these are examples
of simple actions that might be camed out 1o serve
superordinate goals. Strawberries might be picked to still
one’s hunger, and a key in a choice reaction experiment
might be pressed 1o receive a course credit. Thus, complex
actions are typically spilt into a couple of sequendally
organized subgoals. Still, even complex goals must even-
iually be realized by concrete motor actions. It seems
appropriate to start research with such simple actions, and
therefore this is the type of actions the present review is
concerned with.
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A second type of anticipation relates to the environ-
mental conditions that signal a good opportunity to suc-
cessfully produce the desired effect. These might be called
start anticipations because the occorrence of a favorable
environmental condition should immediately prompt the
execution of the prepared goal-oriented action. For exam-
ple, to pick strawberries, it would be useless to initiate a
grasping movement unless a strawberry and its location in
the shrub have been detected. If a strawberry were present,
however, it would be good to instantancously grasp it, so
that it is not lost by some unfortunate event, such as an
outdoing conspecies.

Anticipatory effect codes

To intentionally produce a goal, we need to know and
predict the consequences of our actions. Otherwise, we
could only move and hope that our motor output produces
the desired effect accidentally. Consequently, representa-
tions of action effects are incorporated in several models of
motor control. For example, closed loop theory assumes
that movement execution prompts the creation of an
anticipatory references signal to which perceptually avail-
able movement feedback is compared in order to allow
corrective movements {Adams 1971). In fast movements,
the reference is not compared to actually available, but to
anticipated, feedback during movement execution—thus
implying a feedforward of movement consequences (Des-
murget and Grafton 2000). These models ascribe to
anticipated feedback (mostly spatial information about a
moving limb) an important role in the control of movement
execution.

Yet, there is another approach that ascribes 1o effect
anticipation an even more fundamental role for action
control, on which we want to focus in the following. The
idea is that motor patterns become automatically and inti-
mately associated with their internal and external sensory
consequences. Lifting a hand, for example, which might at
first occur accidentally in the newborn, becomes linked to
the proprioceptive, visual, and possibly auditory conse-
quences of the moving limb. These action-effect links can
be used in both ways, to predict the sensory consequences
when the movement is known and, more importantly, to
recruit the required movement when a certain effect is
intended (similar to feedforward and inverse models in
computational modeling; Wolpert et al. 2002). This ap-
proach has been termed ideo-motor principle and can be
traced back to authors of the nineteenth century (HarleB
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Fig. 2 Trigger anticipation and
effect anticipation in action
control

anticipation

1861; James 1890; Lotze 1852, for an historical review cf.
Stock and Stock 2004). The crucial assumption of the ideo-
motor approach, which distinguishes it from other models
of action control, is that there is no other cognitive repre-
sentation of a body movement than its sensory conse-
quences (Hommel 1996). Thus, there exists no efferent
representation, such as a motor command or motor
parameter that would be directly accessible to the actor,
Consequently, the only way to intentionally recruit a body
movement is by recollecting codes of the movement’s re-
afferences (Greenwald 1970; Hommel et al. 2001; Prinz
1987).

This is a radical view that, admittedly, sounds a bit
mysterious. Can it really be that merely *‘thinking’” about
an action’s consequences, as James (1890) termed it, has the
power to activate the action itself? There is now a consid-
erable body of evidence that is clearly confirmative. First of
all, there are all kinds of findings showing that the mere
observation of a potential action effect has the power to
induce the motor patterns that eventually would cause these
observed effects. One of the most immediate effects of
motor output is the abservable movement of the body itself.
For example, contracting muscles in the forearm might re-
sult in an upward movement of a finger. In the first place,
this movement is visible to the actor. Yet, it is also visible to
other ohservers and resembles to some extent the visnal
effects of an observer’s own finger movements. Interest-
ingly, in such situations, the observation of a person’s
movement does to some extent induce the same movement
in the observer, a phenomenon known as imitation (Brass
et al. 2001; Stiirmer et al. 2000). To the extent that the
perceived consequences of a model’s movements resemble
those of the perceiver, imitation can be construed as evi-
dence for action priming by effect perception.' Similar
action priming occurs with more distal action effects in
experts of a certain domain. For example, in pianists the
perception of a certain chord induces the finger movements

! Imitation has also been reporied when observed and imitated
movements cannot be directly linked via the same perceptual channel.
For example, newborns imitate the seen facial expressions of adults,
although the babies have not acquired a visual representation of their
own facial expressions (Meltzoff and Moore 1977). This has been
explained by the assumption of inborn supramodai representations of
certain actions’ consequences (cf. Heyes 2001 for further discussion
of this issue).

effect
anticipation

necessary to play the corresponding chord (Drost et al.
2005). In expert typists, the perception of a certain letter on
a screen primes the typing action necessary to produce this
letter (Rieger 2004). But even a very limited amount of
practice of a few experimental trials seems to suffice to
create similar phenomena. For example, after having pro-
duced a high tone with a left-hand key press, the presen-
tation of a high tone primes a left-hand key press (Elsner
and Hommel 2001). Interestingly, after such action effect
links have been acquired, even the subliminal presentation
of an action effect primes its corresponding action (Kunde
2004). Thus, whereas the intention to produce a certain goal
might afford consciousness, the ensuing processes that
activate corresponding motor processes do not,

Although these studies show that motor-effect links
become acquired quickly and can be primed by stimulating
corresponding  effect-codes, they do not yet prove that
anticipatory effect codes actually play a role when it comes
to intentionally selecting an action. Yet, at the least, indi-
rect evidence for such a role comes from studies, which
show that the speed of action generation is affected by
properties of the subsequently ensuing action effects. For
example, motor actions are emitted more quickly when
they produce comgatible rather than incompatible action
effects, such that pressing a left key is easier when the key
lights a left rather than a right lamp, or pressing a key softly
is easier when this produces a quiet rather than a loud tone
(Kunde 2001) (Fig. 3). Action-effect compatibility plays a
role even with very simple and well-practiced tools such as
first-class levers (cf. Fig. 3 bottom; Kunde et al. 2007).
These effects can be explained by mutual priming of the
actions’ proximal {e.g.. tactile) and distal (e.g.. auditory)
effect codes. The level of activation of effect representa-
tions, that is necessary to elicit motor output, 1s reached
earlier when proximal and distal effects are congruent ra-
ther than incongruent {(Kunde et al. 2004). Obviously, when
the generation of an action is affected by effects that occur
after the action is initiated, there must be processes that
bring these effects (o mind before the action actually en-
sues. In other words, action generation involves, and is
possibly mediated by, the anticipation of the actions’
consequences, which is in essence what ideo-motor theory
irnplies.

Based on such influences of to-be-produced action ef-
fects on action production, a couple of issues regarding the
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Fig. 3 Examples of compatible and incompatible response-effect
conditions. Participants respond faster when the key presses switch on
spatially compatible rather than spatially incompatible lamps (Kunde
2001). Likewise, participants respond faster when their hand and a to-
be-manipulated tip of a pointer move in comesponding rather than
non-corresponding directions (Kunde et al. 2007 )

nature of action-mediating effect codes have been ad-
dressed. In the following, we discuss two of them. First,
can these anticipatory effect codes be gualified as being
percept-like, or analogue, in the sense of an “‘image’” as
James (1890) has originaily assumed? Some supporting
evidence comes from the production of effects with vari-
able duration. It takes longer to initiate a movement that
produces a long, rather than a short, auditory effect (Kiesel
and Hoffmann 2004; Kunde 2003). Long-lasting effects are
trivially more extended in time and thus the creation of a
percept-like representation of such an effect should take
more time than the creation of the representation of a short
effect. Conversely, there is no reason to assume that the
physical duration of action effects should play a role, when
the duration is stored in an abstract form. Further evidence
for an analogue nature of action-generating effect repre-
sentations comes from a study by Koch and Kunde {2002).
Participants had to vocalize a color word (e.g., the word,
blug). In different sessions, these vocal responses produced
as an action effect the presentation of either a compatible
color word {e.g., BLUE) or an incompatible color word
(e.g.. GREEN) on a computer screen. In one group of
participants, the physical color of these effect words was
always neutral (white}, whereas in another group the effect
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words were always presented in the color that they denoted
on the verbal level (e.g., the word GREEN in green color).
Interestingly, the ensuing response-effect compatibility
effect was almost twice as large in the group with colored
words than in the group with white words. This suggests
that the physical color of the words was spontaneously
coded and used for response production.

The second issue concerns the capacity-limitations im-
posed on effect anticipation. Our ability to plan more than
one action at a time is severely limited. One well-known
demonstration of this limitation is the psychological
refractory period (PRP) effect. The sclection of a motor
response is delayed the more it overlaps in time with the
planning of another action. It would support the ideo-motor
approach, if these limitations were shaped somehow by the
consequences of the (o-be-produced action effects. Again,
the available evidence is confirmatory. It is easier to
“‘switch’” from an initially prepared action to an alternative
action when the initially prepared and the finally to-be-
performed action produce identical rather than different
sensory effects (Kunde et al. 2002). Also, when the left and
right hand have to independently manipulate two objects at
the same time (such as placing two bricks in a certain
orientation), this appears to be much easier when the in-
tended object manipulations of the two bands are the same
rather than when they are different (Kunde and Weigelt
2005). And finally, recent evidence suggests that the
anticipation of effect codes coincides with a processing
“‘stage’” that information-processing theories denote as
response selection stage (Paelecke and Kunde 2047). This
nicely underscores that even apparently stimulus-driven
responses in a choice reaction task are actually goal-ori-
ented actions that require the activation of anticipatory
effect codes.

To wrap up, there is evidence to show that anticipatory
effect codes (1) become activated during action production
and (2) that such codes have the power to affect the speed
with which motor actions are generated. In most of the
reviewed studies, these action effects were task-irrelevant
in the sense that the task could have been carried out
without taking these effects into account. Still, they did
impact performance, which leads us to conclude that the
anticipation of these effects is an insurmountable compo-
nent of action production, presumably because codes of
these effects serve as memtal cues for the selection of
appropriate motor patterns.

Anticipatory stimulus codes
Although the evidence reviewed so far suggests that it is

indispensable to anticipate action effects to act intention-
ally, it becomes clear on reflection that this cannot be the
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whole story. Obviously, to behave adaptive in everyday life
as well as in a laboratory task, one has to take into account
the envircnmental conditions in which the actor is situated.
Specifically, to successfully perform a specific goal-ori-
ented action, appropriate context conditions must be met.
For example, to open a door, a doorhandle has to be
present, or to turn on & radio, a corresponding power button
has to be found, or to correctly respond in a choice reaction
experiment, a certain stimulus must be awaited. Thus, a
goal-oriented action requires a representation of adequate
start conditions. These representations are not anticipatory
in the sense that they refer to clearly predictable events. In
fact, we might sometimes have to actively search for these
start conditions, for example when we look for the light
switch in an unfamiliar room to turn on the light. Still, it is
fair to term such representations of start conditions antic-
ipatory, because they have to exisi before appropriate
context conditions are encountered.

Interestingly, similar to the case of anticipatory effect
codes, the idea of anticipatory stimulus codes has already
been expressed in some detail by authors of the early days
of psychology. Among them was Exner {1879), who con-
strued the execution of a planned action as a ‘“‘prepared
reflex’” (Hommel 2(000). The actor prepares himself/herself
to act in a specific way when a certain event is encountered.
This preparation, the construction of an “*if-then” rule,
normally occurs before the relevant stimulus actually ar-
rives. A stimulus that matches the *‘if part’” of the rule
starts the action off, which then unfolds in a more or less
unsupervised manner, Similar concepts have been de-
scribed later such as ‘‘Bezugsvorstellungen™ (Ach 1905),
implementation intentions (Gollwitzer 1999), start antici-
pations (Hoffmann 1993) or action pians (Neumann and
Klotz 1994). However these concepts are termed; they all
ascribe to stimuli an entirely different role than information
processing theory does. Stimulus representations are not
the starting point of information processing, but the end-
point of preparatory processes, which begin with the action
goal (Fig. 2}. In other words, a stimulus is an intentionally
prepared trigger of a goal-oriented action.

There is a good deal of evidence for such action trigger
representations, which covers behaviors as immediate as a
response in a laboratory task to behaviors as delayed as the
start of spert activities in a forthcoming holiday (cf. Gol-
lwitzer 1999). In fact, several well-known experimental
phenomena might be reinterpreted in terms of action trig-
gers. One example is the Stroop-task where participants
have to name the ink color in which a certain color word is
written (Stroop 1935). Naming is much more difficult when
the physical color does not match the color denoted by the
word (e.g., the word RED in green color) than when the
word and physical color match (e.g., the word RED in red
color). Apparently, it is difficult to refrain from reading the

word, when asked to verbalize a color name. Interestingly,
Stroop interference seems to be much smaller when the
requested action is not to name the word but to press a
corresponding  response button {(cf. MacLeaod 1991 for
review), This makes sense from the perspective of antici-
patory trigger conditions. A written color word is normally
an adequate trigger stimulus to verbalize a color word (as it
is the case in reading). Therefore, writien color words are
hard to ignore when the response is naming. By contrast, a
written word does not that frequently serve to trigger a key
press action and thus interferes less with key pressing than
with naming.

Given the importance of appropriate action triggers, it
would be good that once the actor is prepared to carry out a
certain goal-oriented action, the action is emitted instan-
taneously as soon as a proper contextual condition is met.
Otherwise, the good opportunity might be missed. Indeed,
gppropriale action (riggers seem to prompt the prepared
action before or even without becoming aware of the
trigger event itself (Fig. 4).

This unconscious action triggering is illustrated well by
masked response priming. In masked priming experiments,
participants are asked to execute a certain motor action
when a certain stimulus, let us say, a digit smaller than five
is presented and another action when a digit larger than five
comes up, Interestingly, the action is emitted more quickly
when the target digit is preceded by a masked prime that is
assigned to the same motor action (e.g.. 2 — 4), rather
than when the target is preceded by a prime assigned to the
alternative action (e.g.., 7 — 4). Brain imaging studies
have shown that the prime presentation leads to measurable
brain activation up to motor areas (Dehaene et al. 1998).
Apparently, the system starts to execute the corresponding
action as soon as an appropriate trigger event (a digit of
certain numerical size) occurs, be it consciously accessible
or not.

Masked priming has revealed a couple of interesting
aspects of such action trigger representations. First, there is
an asymmetric role of consciousness regarding the creation
and operation of action trigger representations. The crea-
tion of trigger representations is shaped by conscious
experience, whereas their operation is not. When the set of
consciously experienced target digits is confined to a cer-
tain magnitude range (e.g., from 3 to 7). only primes from
this magnitude range work as unconscious triggers,
whereas stimuii out of this range do not (Kunde et al
2003). By contrast, the structure of the unconscious prime
stimuli has no influence on the way action trigger repre-
sentations are created and the way stimuli are processed
{Merikle and Joorden 1997).

Second, action triggers are particularly effective when
they relate the simplest available features. an cbservation
anticipated by Ach (1905) tn his ““law of specific deter-
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Fig. 4 Masked priming experiment for the study of unconscious
operation of action triggers

mination.”” Normally, quickly available perceptual features
are preferred over *‘sernantic’’ features that afford access
to long-term memory. To give an example, when partici-
pants have no reason to suspect that other stimuli than
digits are presented, subliminal number words exert no
priming, although they convey the same semantic infor-
mation as digits (Kunde et al. 2005; but see Van Opstal
et al. 2005). Yet, when digits and number words are pre-
sented as conscious targets, both types of stimuli activate
responses unconsciously. Or, when all consciously pre-
sented digits are presented in 2 normal upright orientation,
tilted digits exert no priming, but they do so when targets
are tilted as well (Elsner et al. 2006). This dominant role of
perceptual features as action triggers, independent of the
official task instructions say, puts a note of cautiousness on
early, enthusiastic reports of unconscious semantic priming
(Dehaene et al. 1998). It becomes more and more clear
that, although action triggers might relate to semantic
features as well, it is much harder to obtain clear evidence
for unconscious access to meaning than previously be-
lieved (Kiesel et al. 2006; Klauer et al. 2006},

Finally, the participants are able to maintain action
trigger representations for Iwo tasks at a time, at least when
swiiching between these tasks is likely and unpredictable.
Kiesel et al. (2007) asked participants to perform two tasks,
classifying digits as smaller or larger than five and classi-
fying letters as vowels or consonants. Participants had to
perform these tasks in an unpredictable order, but they
were cued which task was requested in the next trial. In
each trial, the prime belonged to the currently irrelevant
task. Thus, when digits were classified, the prime was a
letter, and when letters were classified, the prime was a
digit. Still, primes even from the cumently irrelevant task
caused response priming, which indicates that the trigger
codes for this irrelevant task remain active. The priming
effects from irrelevant stimuli were present in task repeti-
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tion trials as well as in task switch trials, which rules out
that the activation of irrelevant trigger codes was a mere
aftereffect of having performed the irrelevant task just a
moement before.

To summarize, there is a good deal of evidence showing
that humans create mental representations of start condi-
tions that prompt the execution of prepared actions when
appropriate conditions are met, After such start conditions
have been set up, the behavior might not be too different
from that of a frog catching a passing fly. Yet, the
important difference is that trigger conditions are more or
less innate in the frog, whereas they change flexibly
according to current task demands in humans. Important
questions for future research are how these action trigger
conditions are established {intentionally or implicitly),
what level of representation they address (low-level per-
ceptual or semantic), and whether there are any drawbacks
in preparing for an action this way, such as a higher
behavioral rigidity.

Conclusions

When pondering over the role of anticipation in human
cognition, barely anyone would disagree that anticipation
is useful. What we have tried here was to illustrate that
anticipation is much more deeply incorporated in the
cognitive sysiem than just being a useful but otherwise
dispensable ingredient. Acting without anticipating is
impossible. This applies 1o the efferent side of action, The
ideomotor-approach, which describes this side of the coin,
does not only assume that the anticipation of action ef-
fects is somehow helpful in guiding our actions, but it
also literally assumes that actions are planned in terms of
such effects. In other words, action generation is goal
anticipation, and this is so even for such simply and
apparently stimulus-driven actions as choice reactions.
We have seen that the creation of anticipatory goal codes
might be linked to conscious experience, but the activa-
tion of appropriate body movements is not {Kunde 2004).
A similar point applies to the afferent side of the action
system. We may perceive this and that: but stimuli have a
more direct and immediate impact on behavior when they
have been anticipated as an adequate trigger condition for
goal-oriented action. Again, the creation of certain trigger
conditions might be consciousness mediated, but the
activation of the corresponding motor actions is not
(Kunde et al. 2003). Shortly, thus, action generation af-
fords (effect) anticipation and perception affords (stimu-
lus) anticipation as well. This short conclusion might be
hopelessly oversimplified, but it stresses the role of pro-
cesses that precede stimulation and eventually determine
our action. To study these anticipatory processes is cer-
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tainly a worthwhile project where progress can confi-
dently be anticipated.
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