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Abstract

Voluntary action is anticipatory and, hence, must depend on associations between actions

and their perceivable effects. We studied the acquisition of action–effect associations in 4–5-vs.

7-year-old children. Children carried out key-pressing actions that were arranged to produce

particular auditory effects. In a subsequent test phase, children were to press keys in response

to the previous effect sounds, with the sound–key mapping being either consistent or inconsis-

tent with previous key–sound practice. As the processes underlying voluntary action controls

are known to significantly improve between 4 and 7 years of age, it was expected that younger

children were more prone to automatic effects of acquired sound–key associations. This

hypothesis was confirmed, but reaction times and accuracy measures showed different and dis-

sociable patterns. Four-year-olds but not 7-year-olds were more likely to commit an error––

i.e., to perform a sound-compatible rather than the correct action––if the sound–key mapping

was inconsistent with previous practice. This effect strongly depended on previous practice,

suggesting that it reflects long-term learning. In contrast, reaction time effects of mapping con-

sistency did not depend on previous experience but only on the consistency between stimulus

and action effect in the present task. Taken altogether, the results suggest that children acquire

response–effect associations automatically and that younger children are more likely to suffer

from frequent goal neglect; i.e., they tend to forget the current action goal, so that their behav-

ior is dominated by automatic, stimulus-triggered response tendencies.
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1. Introduction

The success of achieving our goals depends on the success of our actions. Hence,

when planning an action we must have some anticipatory notice about the impact

that action is likely to have on our environment. Indeed, it seems plausible to assume
that we plan our actions on the basis of the knowledge we have about their conse-

quences or effects (Hommel, 1998). An example may clarify this line of thought.

Imagine that you are driving a new spacecraft and want to slow down its speed. As-

sume further that for some unfortunate reason nobody had told you where the

brakes of this vehicle are and how they work, and you forgot to ask. To reach your

goal, you will probably try pushing and switching all buttons and pedals you come

across to see what effect that may have until, as we hope, you have found the one

that does the job. Odds are very high that next time you are in the same situation
you will recall which pedal or button needs to be moved in which way, which will

enhance your action repertoire and speed up your performance. Thus, storing infor-

mation about the effects or consequences of particular actions provides a helpful

basis for the control and organization of your actions.

This logic inspired Elsner and Hommel (2001) to develop a two-stage model of

action control, which takes up ideas from the ideomotor approach to voluntary ac-

tion (Harless, 1861; James, 1890; Lotze, 1852). In this model action control is attrib-

uted to the automatic integration of movements and their sensory consequences (for
an extended overview of the model, see Elsner & Hommel, 2001).

In the first stage the model claims, contingencies between actions and their effects

are acquired. That is, when an event consistently follows a particular movement its

representation becomes associated with the representation of that movement. In-

deed, it can be demonstrated that when two responses are consistently followed by

a low- and high-pitched tone, respectively, the tones become associated with the

accompanying response, even in tasks where the tones are irrelevant and non-infor-

mative (Elsner & Hommel, 2001; Hommel, 1996). These tasks often comprise two
parts or phases. For instance, in Elsner and Hommel’s (2001) study, subjects first

carried out a number of freely chosen responses to a neutral trigger stimulus, with

each response consistently producing a particular tone. Then, in a following test

phase, subjects again performed a free-choice task but this time the trigger stimulus

could be one of the tones that in the acquisition phase served as action (-produced)

effects. As expected, subjects frequently carried out the response that previously had

produced the current trigger tone, that is, if in the acquisition phase Response 1 pro-

duced Tone A and Response 2 produced Tone B, the trigger Tone A was more likely
to induce selection of Response 1 than Response 2, and vice versa. Apparently, then,

(even irrelevant) action effects are integrated with the action producing them.

The second stage of Elsner and Hommel’s (2001) model addresses the selection of

actions. As the experience of action–effect sequences is assumed to result in the for-

mation of bidirectional links between action and accompanying effect, actions can be

primed, retrieved, and launched by activating representations of their effects––be it

by ‘‘thinking of’’ the intended consequences of an action (the topic of ideomotor the-

ory) or, more accidentally, by stimuli that happen to share features with action
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effects. In our example, thinking of your goal to slow down the spacecraft will prime

actions that previously have been produced the wanted effect. If you happen to have

already a successful experience with decelerating that particular spacecraft, the cor-

responding action pattern is likely to be activated most strongly, leading to the most

efficient performance. If you lack that experience, however, other action patterns
associated with the same or with similar goals (and with similar situative contexts)

will be activated most strongly instead, which will make you look for knobs, buttons,

and pedals that turned out to be useful in braking cars, bicycles, and other vehicles

you may be familiar with. However, as goal representations are no (much) more than

representations of previously perceived (and now wanted) action effects, any action–

effect stimulus has the potency of activating the associated actions to at least some

degree. Hence, the braking action may also be primed by perceiving stimuli that this

action had produced in the past or by stimuli that are associated with such effect
stimuli (e.g., red traffic lights or a child crossing the street). In other words, associ-

ating actions and effect stimuli renders the latter (as well as stimuli similar to them)

effective primes of those actions––a particularity the present study was thought to

capitalize on.

Indeed, apart from the auditory stimuli used by Elsner and Hommel (2001), there

is considerable evidence that all kinds of action–effect stimuli can become effective

action primes, suggesting that the integration of actions and their effects, and the

thereby implied transformation of action effects into action primes, are a general
phenomenon. For instance, action–effect learning was established with tones of vary-

ing location (Hommel, 1996), tones of different pitch (Elsner & Hommel, 2001; Els-

ner et al., 2002; Hazeltine, 2002; Hoffmann, Sebald, & St€ocker, 2001; Hommel, 1996;

Hommel & Elsner, 2000; Kunde, Hoffmann, & Zellman, 2002), visual stimuli of

varying location (Ansorge, 2002; Hommel, 1993), visual letters (Ziessler, 1998; Ziess-

ler & Nattkemper, 2001, 2002), visual stimuli of different affective valence (Van der

Goten, Caessens, Lammertyn, De Vooght, & Hommel, submitted for publication),

words (Hommel, Alonso, & Fuentes, 2003), Stroop stimuli (Hommel, in press),
and with electrocutaneous stimuli (Beckers, De Houwer, & Eelen, 2002).

To summarize, there is evidence that actions can be primed by both anticipations

of intended action effects and by any stimulus that looks like or has been experienced

to be an effect of the respective action. For us, the important implication of this

observation is that we can experimentally set action priming via intentional anticipa-

tion (making use of the instructed stimulus–response mapping) in opposition to ac-

tion priming via external triggering by previous action effects, and study the

interaction of the resulting voluntary and involuntary response tendencies. The out-
come of this competition should depend on the relative strength of the respective

contribution: the smaller the contribution from intentionally controlled processes,

the more should a response reflect the impact of an irrelevant action–effect stimulus.

Studying this interplay between the automatic stimulus-induced processes and the

intentionally controlled processes should increase our understanding of human

goal-directed behavior, especially if we compare subjects who differ in the efficiency

of action-control processes. In the present study this was accomplished by studying

the acquisition and use of action–effect associations in children from different age
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groups. In particular, we compared age groups that are likely to differ in the effi-

ciency of action control processes, that is, in the balance between reflexive and

goal-directed behavior.

1.1. Developmental aspects of action control

Control processes that guide behavior gradually improve during childhood. One

major growth spurt in the development of action control seems to occur at about 5–6

years of age. In this period, reflexive behavior becomes less frequent and the ability

to inhibit prepotent responses and perseverative behavior in favor of the production

of intentionally guided movements improves substantially. This finding is supported

by many studies investigating efficiency of cognitive control on a variety of inhibition

tasks.
For instance, Levy (1980), who studied stopping behavior in a go/no-go task, re-

ported a rapid rise in the speed of responding and an even more rapid decline in er-

rors between the ages 3 and 7 (from 68% in 3-year-olds to 0.02% in 7-year-olds).

Other studies replicated these findings but suggest an even earlier improvement of

action control: children 3–4 years of age often fail to inhibit their responses in no-

go trials while 5–6 year-olds perform very well (Bell & Livesey, 1985; Dowsett &

Livesey, 2000; Livesey & Morgan, 1991). In another frequently used inhibition task,

the antisaccade task (in which a prepotent eye movement toward a stimulus has to be
inhibited and an intentionally guided eye movement in the opposite direction has to

be generated), performance improves dramatically from the age of 6 years on (Klein

& Foerster, 2001). Examination of developmental changes on the Wisconsin Card

Sorting Task (WCST), in which a switch to a new sorting dimension requires the

inhibition of a previously relevant dimension, shows that performance improves

most rapidly between the ages 6 and 7 (Chelune & Baer, 1986). In a simplified

and adjusted version of the WCST, children of 2.5–3 years often fail and show per-

severance of the old sorting rule––even though they have no difficulty remembering
and verbalizing the new, correct rule (Zelazo, Frye, & Rapus, 1996; Zelazo, Reznick,

& Pi~non, 1995; Zelazo, Craik, & Booth, 2004).

Comparable patterns of performance are found in tasks in which actions are

guided by rules that require acting contrary to intuitive responding. In a Stroop-like

task, the day–night task (in which children have to say ‘‘day’’ to black/moon cards

and say ‘‘night’’ to white/sun cards), it was found that children younger than 5 years

of age show very poor performance (long reaction times and accuracy 70% or lower)

while performance is very good by the age of 7 (accuracy more than 90%; e.g., Dia-
mond, Kirkham, & Amso, 2002; Gerstad, Hong, & Diamond, 1996). Similar results

in children 3–4 years of age and 6 years of age were found on the tapping task (Dia-

mond & Taylor, 1996; Luria, 1966), in which subjects are instructed to tap once or

twice if the experimenter taps twice or once, respectively. Furthermore, children 3–4

years of age, but not 5–6-year-old, have serious difficulties in delay-of-gratification

paradigms (Mischel & Mischel, 1983), in which they are to wait for a more preferred

or bigger reward in the presence of a less preferred or smaller, but immediately avail-

able reward.
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In sum, many developmental studies reveal a transition in the efficiency of goal

directed behavior around the age of 5–6 years. Accordingly, we thought that inves-

tigating the resistance to stimulus-induced actions in children before and after this

critical period in action-control development would be particularly diagnostic in

unveiling the basis of how goal-directed behavior is controlled.

1.2. The present study

The purpose of the present study was to investigate how children acquire and use

associations between actions and their effects. The underlying idea was that develop-

mental changes in the trade-off between automatic stimulus-induced action processes

and controlled action processes would provide more insight into the role of effect-

based learning in action control.
The four experiments of this study followed the logic underlying the experiments

of Elsner and Hommel (2001). The first three experiments were divided into two

parts. The purpose of the first part, the acquisition phase, was to provide children

with the opportunity to experience the sequence of two motor actions (M1 and

M2) and the two auditory events following them (E1 and E2; M1 ! E1 and

M2 ! E2), which should lead to bidirectional associations between the cognitive rep-

resentations of actions and effects (m1 $ e1 and m2 $ e2). Children performed a free-

choice response task, in which two different responses were contingently followed by
one of two different sounds. If children would in fact form bidirectional action–effect

associations, presenting effect stimuli should prime the action they accompanied (i.e.,

if m1 $ e1, then E1 ! M1).

This prediction was tested in the second part of the experiment, the test phase.

The higher likelihood (in Experiment 1) and/or the faster speed of performing an ac-

tion m1 after the presence of an action–effect stimulus e1 (in Experiments 2–4)––i.e.,

the degree of effect-induced action priming––served as evidence that bidirectional

associations between actions and effects had been formed. Note that the relation be-
tween actions and effects was irrelevant in both the acquisition phase and the test

phase, so that the degree to which actions were primed by perceiving their effects rep-

resents an automatic, stimulus-induced and, in a sense, reflexive impact on action

control. The stronger this external impact, we reasoned, the weaker must be the

internal, intentional control of action. Accordingly, less action priming in the older

children as compared to the younger children would point to an age-related increase

of internal action control.

The test phase differed across the four experiments. In Experiment 1 the children
were to choose freely one of two possible responses after presentation of a particular

sound (the previous action effects). It was predicted that subjects would be more

likely to perform the response that in the acquisition phase was associated with that

sound, which we will call the effect-consistent response. Experiments 2 and 3 em-

ployed a binary-choice task that required pressing one key in response to one sound

and the other key in response to another sound. Subjects were divided into two

groups: A consistent-mapping group, where the sound–key mapping in the test phase

was consistent with that in the acquisition phase (E1 ! M1 and E2 ! M2), and an
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inconsistent-mapping group, where the sound–key mapping in the test phase was

inconsistent with that in the acquisition phase (E1 ! M2 and E2 ! M1). If producing

sounds by pressing keys creates a bidirectional association between the action and its

effect, performance should be better with a consistent than an inconsistent mapping.

The last experiment served as a control for Experiment 3 and was a replication with-
out the acquisition phase.
2. Experiment 1

As pointed out, the purpose of the first, acquisition part of Experiment 1 was to

bring about bindings between the actions performed––two key presses––and their ef-

fects––two task-irrelevant sounds that contingently followed the key presses. If such
bindings would be formed, we would expect that in the second phase of the experi-

ment, the test phase, the presence of a sound would prime the key press it had fol-

lowed previously. If so, children should, when free to choose which of the two keys

to press, more often go for the sound-consistent than the sound-inconsistent key––

similar to what Elsner and Hommel (2001) observed in adults. However, as this

priming effect is induced by the stimulus and logically independent of the intentional

action goal, its size should reflect the strength of internal, intentional control: the

weaker internal control operations are the stronger should be the impact of external,
stimulus-induced action tendencies and, hence, the larger should be effect-induced

action priming. Accordingly, we expected that action priming would be more pro-

nounced in 5-year-old as compared to 7-year-old children.

2.1. Method

2.1.1. Subjects

Subjects were 18 5-year-old children (mean age: 5 years, 2 months, SD¼ 0.72,
nine girls and nine boys), and 20 7-year-old children (mean age: 6 years, 11 months,

SD¼ 0.31, 11 girls and nine boys). Data of one 7-year-old was not analyzed, because

he did not finish the test phase of the experiment. Children were enlisted from a local

primary school. All children received a present for participating, and the school re-

ceived book tokens for every participant. All children were healthy and had not

shown intellectual or learning problems. All had normal or corrected to normal vi-

sion. Informed consent was obtained from all the parents.

2.1.2. Tasks and stimuli

In the acquisition phase, stimuli were depicted on different positions on a vertical

line in the middle of a computer screen. The stimulus was either an image of a snitch

or a snitch enclosed in a rectangle (for Harry Potter laymen, a snitch is a small ball

with two wings). Each trial in the acquisition phase started after an intertrial interval

of 300 ms or 600 ms with the presentation of the stimulus. On trials in which a boxed

snitch was presented, subjects had to press a left or right key (go trials); on trials

where the snitch was presented solely, no response was to be made (no-go trials).
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The stimulus in the go trials remained on the screen until a response was made within

a time interval of 7000 ms. A stimulus in the no-go trial remained on screen for 500

ms. A key press in a go trial triggered a 250-ms sound (the action effect). A right key

press triggered an ‘‘uh-oh’’ sound, a left key press a ‘‘blabla’’ sound. The acquisition

phase consisted of 90 trials, 72 go and 18 no-go trials. In half of the trials the inter-
trial interval was 300 ms and in the other half the intertrial interval was 600 ms. The

no-go trials and the different intertrial intervals were only added to make the task

more attractive and less predictive. Intertrial intervals, go and no-go trials were

mixed and randomly ordered.

The test phase consisted of another 72 go and 18 no-go trials. A trial started with

an intertrial interval of 1500 ms. In go trials, an image of a magic hat was presented

together with one of the sounds from the acquisition phase. In half of the go trials

the one sound was presented as action–effect stimulus, in the other half of the go tri-
als the other sound was presented. Subjects had to respond to the sound by pressing

the left or right key, chosen by them at random. The image of the magic hat in a go

trial was presented at the center of the screen until a response was made within a time

interval of 7000 ms, where after the next trial was presented. Pressing a key no longer

produced a sound. In the no-go trials the magic hat was depicted without a sound for

2000 ms, and no response was required. If a subject did respond on a no-go trial (a

false alarm) within the 2000-ms presentation of the no-go trial, the stimulus re-

mained on screen until the trial duration was ended. Again, the only purpose of
the no-go trials was to make the task more attractive. Go and no-go trials were

mixed and randomly ordered, and the sound–key mapping was balanced over sub-

jects.

2.1.3. Procedure

Subjects were told that they were going to play two Harry Potter games. (Children

did not need to have any knowledge about Harry Potter to play the games, however!)

In the first game, that is, in the acquisition phase, the children were told that they
had to ‘‘catch the snitch’’. They should do so by pressing the left or right key as

quickly as possible on the appearance of the boxed snitch, and not to respond when

the snitch was presented without the box. Furthermore, they were instructed to freely

choose their responses, in particular they were instructed that on each trial they

could choose themselves which key they wanted to press after the presentation of

the stimulus. The verbal instruction was accompanied by a few examples of trials

and response possibilities on screen. Before starting the acquisition phase, the partic-

ipant had to carry out 18 practice trials.
When the children finished the acquisition phase, a short break was introduced.

After the break, the second game, that is, the test phase started. Children were told

that the magic hat would sometimes speak and sometimes keep silent. Whenever it

would speak (‘‘uh-oh’’ or ‘‘blabla’’), they should respond as quickly as possibly by

pressing one of the two keys at random; whenever it would keep silent, they should

withhold their response. Together with the verbal instruction, a few examples of tri-

als were presented. Before starting the test phase, 10 practice trials were adminis-

tered.
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2.2. Results

2.2.1. Acquisition phase

The frequencies of right and left key presses in go trials differed in both age

groups. The distribution of right-hand and left-hand responses differed significantly
in younger children (tð17Þ ¼ 2:51, p < 0:03, 54% vs. 46% for right- and left-hand re-

sponses, respectively). In older children the distribution of responses was equal

(tð18Þ ¼ 0:18, p > 0:8, 50% right- and left-hand responses). The mean reaction times

(RTs) of left-key responses were somewhat faster than the reaction times of right-key

responses (617 vs. 654 ms), F ð1; 35Þ ¼ 5:98, p < 0:02, but this difference was the same

in both groups, F ð1; 35Þ ¼ 1:75, p > 0:19. Data from no-go trials (false alarm rates)

could not be recovered.

2.2.2. Test phase

Fig. 1 shows that the proportions of acquisition-consistent and acquisition-incon-

sistent responses go in the expected direction in showing a larger preference for con-

sistent responses for young than for old children. However, the corresponding

analyses show that in both age groups consistent and inconsistent responses were

equally distributed (tð17Þ ¼ 1:45, p > 0:16 and tð18Þ ¼ 0:23, p > 0:70, for 4-year-olds
and 7-year-olds, respectively). Even though irrelevant for the purpose of, and the

predictions for Experiment 1 (which focus on the choice children make, not the time
that takes; see Elsner & Hommel, 2001), we also analyzed RTs for acquisition-con-

sistent and acquisition-inconsistent responses. Older children were faster than youn-

ger children overall, F ð1; 35Þ ¼ 25:93, p < 0:001, but more so on consistent than

inconsistent responses, which resulted in a significant interaction between consis-
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tency and age, F ð1; 35Þ ¼ 5:03, p < 0:05. That is, consistency yielded faster responses

than inconsistency in 7-year-olds (427 vs. 553 ms) but not in 5-year-olds (739 vs. 711

ms).

2.3. Discussion

We failed to find the expected preference for acquisition-consistent responses.

Even though the qualitative pattern looks as expected it is accompanied by an

unexpected and difficult-to-interpret effect in RTs that is more pronounced in

the older group. Statistically speaking, we failed to find indications for action–ef-

fect acquisition in children. In view of the numerous demonstrations of such acqui-

sition in adults this is more than surprising. However, while running the

experiment we observed that some of the children had difficulty with the free-
choice nature of the tasks. They reported that they found it odd and difficult to

react in a random way. When we scrutinized the individual data sets, it seemed

that they made up and used their own rules for responding, instead of following

the instruction to react randomly. It is commonly assumed that the executive func-

tions of the frontal lobes are involved in the production of random sequences

(e.g., Baddeley, 1966; Deiber et al., 1991). As the frontal lobes are still develop-

ing during childhood, the ability to react randomly may not be fully matured

yet. This, of course, is likely to counteract our attempt to demonstrate that ran-
domly generated response decisions are biased by irrelevant stimuli. To overcome

this problem we in Experiment 2 changed the free-choice task in the test phase into

a forced-choice task, adopting the basic design of Elsner and Hommel’s (2001)

Experiment 1.
3. Experiment 2

The major modification we made in Experiment 2 was to change the test phase

from a free-choice into a forced-choice task. Subjects were now to respond with a

left key press to one, and with a right key press to the other sound. Furthermore,

the test phase was split into two between-subjects conditions: subjects could be as-

signed to a consistent-mapping group or an inconsistent-mapping group. For those

assigned to the consistent-mapping group the sound–key mapping was consistent

with the key–sound mapping in the acquisition phase (e.g., right keyfi ��uh-oh’’
in acquisition phase; ‘‘uh-oh’’fi right key in test phase). In the inconsistent-map-
ping group the sound–key mapping was reversed (e.g., right keyfi ‘‘uh-oh’’ in

acquisition phase; ‘‘uh-oh’’fi left key in test phase). If the children had learned

the relationship between a key and a particular sound, the sound should prime

the correct response in the consistent-mapping group and an incorrect response

in the inconsistent-mapping group, so that performance in the latter would be ham-

pered as compared to the former. If action-control is less efficient in younger chil-

dren, we should expect that this consistency effect is more pronounced in younger

than in older children.
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3.1. Method

3.1.1. Subjects

Twenty-seven 4-year-old children (mean age: 4 years, 6 months, SD¼ 0.32, eight

girls and 19 boys), and 25 7-year-old children (mean age: 7 years, 4 months,
SD¼ 0.26, 13 girls and 12 boys) participated in this study. Data of three 4-year-olds

and one 7-year-old were discarded from the analyses because they failed to complete

the test phase of the experiment. Acquisition procedures and criteria were as in

Experiment 1.

3.1.2. Tasks and stimuli

The acquisition phase differed in only one aspect from the previous experiment.

In half of the subjects pressing the right key triggered the ‘‘uh-oh’’ sound and
pressing the left key triggered the ‘‘blabla’’ sound. The other half of the subjects

received the opposite key–sound mapping. In the test phase subjects were randomly

assigned to a consistent-mapping group (12 4-year-olds and 12 7-year-olds) and an

inconsistent-mapping group (12 4-year-olds and 12 7-year-olds). In the consistent-

mapping group, the S-R mapping was consistent with the mapping of response

and effect in the acquisition phase, whereas it was inconsistent in the inconsis-

tent-mapping group. All other aspects of the design of the test phase were as in

Experiment 1.

3.1.3. Procedure

The procedure in the acquisition phase was the same as in the previous experi-

ment. In the test phase, the children were instructed to respond as quickly and accu-

rately as possible when they heard the magic hat speak, by pressing the one key if the

hat said ‘‘uh-oh’’ and the other when it said ‘‘blabla’’. The rest of the procedure was

the same as in Experiment 1.

3.2. Results

3.2.1. Acquisition phase

ANOVAs were conducted on mean RTs from go trials and on false-alarm rates

from no-go trials, with response key, age group, and mapping group (consistent vs.

inconsistent) as between-subjects variables. Right- and left-key responses were

equally fast, F ð1; 44Þ ¼ 1:94, p > 0:17. More responses were made with the right

than the left key (53.3% vs. 46.7%), F ð1; 44Þ ¼ 7:10, p < 0:02, but this effect
did not interact with age and/or mapping, p’s > 0:4. False alarms were more fre-

quent in the younger than the older group (36.2% vs. 9.4%), F ð1; 44Þ ¼ 22:05,
p < 0:001.

3.2.2. Test phase

ANOVAs were conducted on proportion of errors and RTs from valid trials, and

on false alarms from no-go trials, with age group and mapping group (consistent vs.

inconsistent) as between-subjects variables. Fig. 2(A) shows the somewhat complex
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pattern obtained for error data. Whereas no main effects of age and mapping were

found, F ’sð1; 44Þ < 1, the interaction between age and mapping reached significance,
F ð1; 44Þ ¼ 7:53, p < 0:01. Closer inspection of the results showed that older children

were more accurate under inconsistent than consistent mapping, while the younger

children showed the expected better performance under consistent mapping.

False alarms only tended to be more frequent in the younger than the older group

(18.8% vs. 11.1%), p ¼ 0:086, but the interaction of age and consistency was highly

significant, F ð1; 44Þ ¼ 11:24, p < 0:005. Whereas younger children produced fewer

false alarms in consistent than inconsistent trials (11.1% vs. 26.4%, tð23Þ ¼ 23:09,
p < 0:001), older children showed the opposite pattern (18.1% vs. 4.2%,
tð23Þ ¼ 27:56, p < 0:001).
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Fig. 2(B) shows that the 7-year-old children performed significantly faster than

the 4-year-old children, F ð1; 44Þ ¼ 45:56, p < 0:001, while mapping consistency did

not yield a significant main effect, F ð1; 44Þ < 1. As can be guessed from Fig. 2(B),

the interaction between age and mapping failed to reach significance as well,

F ð1; 44Þ < 1.

3.3. Discussion

We again found some indications that younger children are more sensitive to irrel-

evant action effects than older children, but not all dependent measures were affected

the same way. Both false alarms and errors did show the predicted interaction, even

though the older group showed an unexpected benefit with inconsistent mapping.

This is surprising in view of the results of Elsner and Hommel (2001), who reported
a near absence of errors for adults working on a conceptually comparable task. Even

more surprisingly, the RTs––which in the Elsner and Hommel (2001) study exhibited

the strongest effects––showed no evidence of even a main effect of consistency, not

mentioning an interaction with age.

With respect to action–effect contingencies, it is important to note that in the test

phases of Experiments 1 and 2 responses were no longer followed by their effects––a

design feature that was thought to avoid possible confusion about what the relevant

sounds are. Strictly speaking, however, this may be taken to represent an extinction
design that may propagate unlearning the apparently no longer valid action–effect

associations. Although animal studies suggest that action–effect associations never

completely extinguish (Rescorla, 1993, 1995), even human adults show markedly less

effect-induced action priming if actions no longer produce their effects in the test

phase (Elsner & Hommel, 2001). Accordingly, one might suspect that we would have

been more successful in finding the hypothesized RT effect had we presented the ac-

tion effects in the test phase as well. To test this consideration, we conceptually rep-

licated Experiment 2 in Experiment 3, except that actions produced their auditory
effects in both the acquisition phase and the test phase.
4. Experiment 3

Apart from some, mostly motivational improvements of our design, in Experi-

ment 3 pressing a key triggered the corresponding sounds in both the acquisition

phase and the test phase. That is, participants in the consistent-mapping group al-
ways heard the same two sounds in each test trial (e.g., right keyfi ‘‘uh-oh’’ in acqui-

sition phase and ‘‘uh-oh’’fi right keyfi ‘‘uh-oh’’ in test phase), whereas subjects in

the inconsistent-mapping condition always heard two different sounds (e.g., right

keyfi ‘‘uh-oh’’ in acquisition phase and ‘‘uh-oh’’fi left keyfi ‘‘blabla’’ in test

phase). We assumed that the presence of an action-triggered effect in test trials would

serve as a reminder of the action–effect relations and thus prevent the extinction of

action–effect associations. If so, this should increase chances to find an interaction of

consistency and age.
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4.1. Method

4.1.1. Subjects

Thirty-two 4-year-old children (mean age: 4 years, 6 months, SD¼ 0.27, 13 girls

and 19 boys), and 34 7-year-old children (mean age: 7 years, 8 months, SD¼ 0.34, 13
girls and 21 boys) participated in this study. Data of five 4-year-olds were discarded

from the analyses, because their data were unable to complete the test phase of the

experiment. In addition, data from two more 4-year-olds were excluded, because

these children apparently failed to understand the instruction in the test phase.

Acquisition procedures and criteria were as in Experiment 1.

4.1.2. Tasks and stimuli

The acquisition phase was extended to 144 trials, 96 go trials and 48 no-go trials,
to provide some more practice. After 48 trials, a basket for one-third filled with

snitches appeared on the center of the screen. After 96 trials, a basket for two-third

filled with snitches appeared on the center of the screen, and the acquisition phase

ended with the presentation of a fully filled basket. The baskets were added for moti-

vational purposes and were thought to indicate the progression of the acquisition

phase. The remainder of the acquisition phase was as in Experiment 2.

In the test phase subjects were again randomly assigned to a consistent-mapping

group (15 4-year-olds and 17 7-year-olds) and an inconsistent-mapping group (11 4-
year-olds and 17 7-year-olds). In the test phase, each key press triggered the same

sound as in the acquisition phase. For the same reason as in the acquisition phase,

we added an indicative element in the test phase. Halfway through the test phase,

subjects heard a voice that muttered something unintelligible. At the end of the

experiment the subjects heard the voice again, and this time it said, ‘‘This is the

end. You performed very well’’. The remaining method was as in Experiment 2.

4.1.3. Procedure

Due to the motivational element, the instruction of the acquisition phase differed

somewhat from the previous experiments. Children were instructed that the first

game ended when they had filled a basket full of snitches. Furthermore, they were

told that at two different points in the game information about the progression of

the game would occur. In the test phase, children were told that halfway through

the second game the magic hat would say something to them. For fully understand-

ing what the magic hat said, they had to finish the experiment. Participants were also

told that after a response one of the two sounds would occur, but that they could
ignore this sound.

4.2. Results

4.2.1. Acquisition phase

RTs for right- and left-key responses were comparable, F ð1; 56Þ < 1. The right

key was pressed more often than the left key (52.4% vs. 47.6%), F ð1; 56Þ ¼ 4:89,
p < 0:05, but there were no interactions with age and/or consistency, p’s > 0:2. False
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alarms were more frequent in the younger than the older group (40.4% vs. 9.9%),

F ð1; 56Þ ¼ 46:32, p < 0:001.

4.2.2. Test phase

As Fig. 3(A) shows, more errors were committed by 4-year-olds than by 7-year-
olds, F ð1; 56Þ ¼ 32:48, p < 0:001, and under an inconsistent than a consistent map-

ping, F ð1; 56Þ ¼ 6:13, p < 0:05. Importantly, the interaction between age and

mapping was significant, F ð1; 56Þ ¼ 4:69, p < 0:05. Separate analyses showed that

the consistency effect was reliable in the 4-year-olds, F ð1; 24Þ ¼ 4:80, p < 0:05, but
not in the 7-year-olds, F ð1; 32Þ ¼ 0:20, p > 0:6.

False alarms were more frequent in the younger than the older group (16.0% vs.

1.3%), F ð1; 56Þ ¼ 21:48, p < 0:001, and the interaction of age and consistency was

significant, F ð1; 56Þ ¼ 5:64, p < 0:05. Whereas younger children produced fewer
false alarms in consistent than inconsistent trials (10.0% vs. 24.4%), older children

showed no difference (2.3% vs. 0.3%).

Fig. 3(B) shows that responses were slower in 4-year- than in 7-year-olds,

F ð1; 56Þ ¼ 41:77, p < 0:001, and slower in the inconsistent-mapping group than in

the consistent-mapping group, F ð1; 56Þ ¼ 14:88, p < 0:001. In contrast to the error

results, however, consistency did not interact with age, F ð1; 56Þ < 1, and the consis-

tency effects remained significant if tested separately in the two age groups. The inter-

action also remained absent in further analyses where we considered RTs from the
acquisition phase as covariate. To check for practice effects, we analyzed the consis-

tency effect as a function of trial block. However, as shown in Fig. 3(C), performance

was rather stable across blocks and, if anything, the consistency effect grew in the 7-

year-olds and shrinked in the 5-year-olds. Statistically speaking, the main effect of

block was marginally significant, F ð1; 112Þ ¼ 3:75, p < 0:06, but block did not inter-

act with age and/or mapping, all p’s > 0:6.

4.3. Discussion

Experiment 3 yielded two important outcomes. First, we were able to replicate the

interactions of age and consistency for both error and false alarms, even though the

design underwent a number of (apparently not crucial) modifications in motivational

features and the number of practice trials in the acquisition phase. In fact, the error

effects and false-alarm effects are almost identical in size and pattern to those ob-

tained in Experiment 2; the only exception is the disappearance of the error-related

benefit for inconsistent mappings in the 7-year-olds, which however may well be due
to a floor effect (note the general decrease of error rates in the older group as com-

pared to Experiment 2). Which processes may be responsible for these accuracy ef-

fects and why they behave differently than RT effects will be considered in Section 6.

Second, even though the presentation of action effects in the test phase had no

particular impact on the error rates, RTs were strongly affected. They now show a

pronounced, reliable main effect of mapping consistency, thus replicating the corre-

sponding effect in adults (Elsner & Hommel, 2001). In fact, the numerical size of the

effect is even larger than the one observed by Elsner and Hommel, and it is as stable
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across blocks as demonstrated in their study. Importantly, however, there was no

indication that mapping affects younger children more than older ones––numerically

the effect was actually larger in the 7-year-olds. Hence, whatever executive deficits 4-

year-old children might have, they apparently are as fast as older children to select

responses under the regime of a practice-inconsistent rather than a practice-consis-
tent mapping, although they are less efficient overall.

We introduced the action effects in the test phase because we thought that they

might remind participants of the response-sound mapping and thereby prevent

extinction. According to that this reasoning, the occurrence of RT effects in Exper-

iment 3 would need to be attributed to the presence of such reminders. Given that we

modified a number of other design features as well alternative interpretations are

possible, though. For instance, making the task more motivating may have mobi-

lized more attentional resources, which might have facilitated the acquisition of ac-
tion–effect associations. Stronger associations may also have resulted from the

increase of the amount of practice. However, note that these possibilities are difficult

to reconcile with the observation that error-related effects were more or less unaf-

fected by our design modifications, which in our view does not render them partic-

ularly likely. But this very dissociation of RT- and error-related effects raises another

question of considerable theoretical relevance: Do the RT effects we found in Exper-

iment 3 reflect the same kind of action–effect acquisition as the error-related effects?

Alternatively, it may be that being exposed to two different sounds in each trial con-
fused the subjects in the inconsistent-mapping group (cf., Elsner & Hommel, 2001),

which might also explain the relatively large drop-out rate in this condition. One may

also consider that action–effect associations can be picked up in a few trials already

(as demonstrated by Dutzi & Hommel, submitted for publication), so that RTs may

be related to short-term acquisition effects whereas errors and false alarms are

reflecting long-term learning. Both possibilities suggest that, in contrast to error-re-

lated effects, RT effects may not require any acquisition trials to occur. Accordingly,

we set up Experiment 4 to replicate Experiment 3 without the acquisition phase.
5. Experiment 4

In Experiment 4 subjects performed exactly the same task as in the test phase of

Experiment 3 without having carried out any acquisition trial before. That is, subjects

had no opportunity to acquire any mapping-consistent or -inconsistent action–effect

association that could affect their performance. The consistency manipulation thus
referred only to the relation between the relevant stimulus sound and the irrelevant

action–effect sound, which in each trial were the same for the consistent-sound group

and different for the inconsistent-sound group. If the inconsistency of sound presenta-

tion is indeed confusing for children, or if response–effect relations are acquired on

the spot, performance should be worse in the inconsistent-sound group than in the

consistent-sound group. However, according to our reasoning, this effect should show

up in RTs only but not in errors or false alarms––which we assume to mirror long-

term learning that could not have taken place without previous acquisition.
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5.1. Method

5.1.1. Subjects

Fifteen 4-year-old children (mean age: 4 years, 6 months, SD¼ 0.36, seven girls and

eight boys), and 16 7-year-old children (mean age: 7 years, 3 months, SD¼ 0.45, eight
girls and eight boys) participated in this study. Data of one 4-year-old was discarded

from the analyses, because he did not complete the experiment.

5.1.2. Tasks and stimuli

Subjects were again randomly assigned to a consistent-sound group (eight 4-year-

olds and eight 7-year-olds) and an inconsistent-sound group (seven 4-year-olds and

eight 7-year-olds). The task was the same as in the test phase of Experiment 3, that is,

subjects responded to the ‘‘uh-oh’’ sound with the one hand and to the ‘‘blabla’’
sound with the other hand. In the consistent-sound group each key press triggered

the same sound as the just presented stimulus (i.e., ‘‘uh-oh’’fiResponse 1fi ‘‘uh-

oh’’; ‘‘blabla’’fiResponse 2fi ‘‘blabla’’); in the inconsistent-sound group each

key press triggered the alternative sound (i.e., ‘‘uh-oh’’fiResponse 1fi ‘‘blabla’’;

‘‘blabla’’fiResponse 2fi ‘‘uh-oh’’).

5.1.3. Procedure

The procedure was exactly the same as in the test phase of Experiment 3.

5.2. Results

As obvious from Fig. 4(A), the analysis of errors did not reveal any reliable effect:

the age effect only approached the significance level, F ð1; 26Þ ¼ 3:23, p < 0:09, and
the remaining effects were far from significance, F ’sð1; 26Þ < 1. The same was true

for false-alarm rates, which showed an unreliable tendency towards more false

alarms in the younger than the older group (15.8% vs. 3.1%), F ð1; 26Þ ¼ 3:20,
p < 0:09, and no sign of any other effect, F ’sð1; 26Þ < 1.

Fig. 4(B) shows that responses were slower in 4-year-olds than in 7-year-olds,

F ð1; 26Þ ¼ 15:20, p < 0:001, and slower in the inconsistent-sound group than in

the consistent-sound group, F ð1; 26Þ ¼ 36:92, p < 0:001. As in Experiment 3, consis-

tency did not interact with age, F ð1; 26Þ ¼ 1:10, p ¼ 0:30, and the consistency effect

was significant in both age groups. Trial block produced a main effect,

F ð2; 54Þ ¼ 3:54, p < 0:05, but did not interact with age and/or consistency, all

p’s > 0:3. Comparing Figs. 3(B) and 4(B) suggests that the consistency effect was lar-
ger in Experiment 4 than in Experiment 3. This impression was confirmed in an

ANOVA combining the data from both experiments, which yielded a significant

interaction between consistency and experiment, F ð1; 83Þ ¼ 6:02, p < 0:05.

5.3. Discussion

As expected, dropping the acquisition phase did not diminish the effect of consis-

tency on RTs, which was even larger than in Experiment 3. This supports our
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suspicion that RT effects in children might not reflect long-term learning effects but

short-term effects on performance. In contrast, the impact of consistency on errors

and false alarms disappeared with the acquisition phase, which provides converging

evidence that these measures do indeed reflect long-term action–effect learning.
6. General discussion

The present study shows that it is possible to demonstrate action–effect acquisi-

tion in children but that this is more difficult than one would expect. Why did we fail

to find reliable effects of action–effect learning in the first experiment? Apart from the

somewhat smaller age range than in Experiments 2–4, the main reason seems to be
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the free-choice nature of the task, which apparently confused the children and moti-

vated the development of individual strategies. Such strategies are likely to work

against stimulus-induced response strategies, the more so as in free-choice tasks re-

sponse decisions can in principle be made before the trigger stimulus comes up. As a

consequence, the outcome pointed in the predicted direction but our method was not
sufficiently sensitive to pick up effect-induced response tendencies in a sufficiently

reliable fashion. It may be possible to obtain more clear-cut results by increasing

the number of acquisition trials, especially in view of the fact that our subjects re-

ceived much less practice than Elsner and Hommel’s (2001) adults (72 vs. 200 prac-

tice trials, respectively). However, observations from pilot studies lead us to expect

that considerably prolonging the acquisition phase is likely to make the task even

more boring and demotivating for children than it already is, which again will intro-

duce further sources of noise in the data. In any case, it remains open for discussion
how many acquisition trials in children are ideal for achieving the right balance be-

tween a sufficient amount of learning experience and the necessary commitment on

the side of the subjects.

The forced-choice designs employed in Experiments 2–4 turned out to be more

successful. Experiments 2 and 3 showed pronounced, reliable mapping-consistency

effects that varied with age group: 4-year-olds committed more response errors

and false alarms if the sound–response mapping in the test phase was inconsistent

with the response-sound mapping in the acquisition phase, whereas 7-year-olds
showed either no consistency effect or better performance in the inconsistent-map-

ping condition. The absence of these effects in Experiment 4, where the acquisition

phase was omitted, strongly suggests that these accuracy effects reflect true action–

effect learning.

A different type of process seems to underlie the RT consistency effects we ob-

served in Experiments 3 and 4. Two characteristics distinguish these effects from

those obtained in accuracy measures: First, the RT effects are insensitive to the

amount and even the presence of preceding practice. This suggests that they result
either from very quick––and possibly not very enduring––response–effect binding

or from the additional cognitive demands the experience of two different sounds

in each trial may pose. The possibility of a fast response–effect binding process

was raised only recently by Dutzi and Hommel (submitted for publication), who var-

ied the mapping of action effects upon actions from trial to trial. When confronted

with the same stimulus that in the previous trial served as the effect of a particular

action, subjects tended to repeat that action. This suggests that producing an action

effect only once is sufficient to create a quick, temporary binding of that effect with
the action that brought it about. Bindings of that quick sort might explain why RT

effects in Experiment 4 were present from the first block of trials on and why they did

not increase any further. However, even if such bindings were responsible for the RT

effects they had no impact on accuracy. Moreover, the design of Experiments 3 and 4

does not allow us to exclude less interesting factors, such as the confusion the two

different sounds in each trial might have evoked. The second feature that distin-

guishes RT effects from accuracy effects is that the latter vary with age while the for-

mer do not. That is, whether RT effects reflect the work of fast response–effect
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bindings or some sort of dual-stimulation demand, they do not seem to be sensitive

to the age-related maturation of executive functioning.

The observation of two different types or components of the mapping-consistency

effect fits well with the findings of Elsner and Hommel (2001) on adults. Elsner and

Hommel ran two versions of each experiment, one in which responses still produced
their auditory effects in the test phase (as in the present Experiments 3 and 4) and one

in which the effects were omitted (as in the present Experiment 2). Although the dif-

ference was not always reliable, the consistency effect was without exception more

pronounced if the effects were still present than if they were not. Whether this addi-

tional increase with present effects was due to fast bindings, confusion with inconsis-

tent mappings, or the lack of extinction (that might reduce the impact of the

mapping if effects are absent), it represents a separable component of the mapping

effect that seems to be as dependent on the presence of action–effect stimuli as the
RT effects we observed in Experiments 3 and 4.

Importantly, Elsner and Hommel (2001) obtained reliable consistency effects even

if the action effects no longer appeared in the test phase, which suggests another

component that relies on long-term knowledge, the impact of which survives the

omission of action–effect stimuli. A component with the same characteristics is sug-

gested by the pattern of our accuracy data, which were insensitive to the presence or

absence of action effects but relied on previous practice. Before discussing why this

long-term component moved from RTs, where adults showed the strongest effects, to
error rates, let us consider what kinds of problems might underlie the impact of con-

sistency on errors and false alarms.

Obviously, under acquisition-consistent task instructions the task-relevant sound–

key mapping matches the irrelevant key–sound mapping. Accordingly, acquisition-

related, sound-induced action priming should always support correct performance,

so that errors are unlikely to reflect any systematic impact of action effects or effect

learning (at least not at first sight, see below). In contrast, under inconsistent instruc-

tions the sound–key mapping does not match the key–sound mapping, so that any
acquisition-related, sound-induced response tendency should increase the likelihood

to press the wrong key. If we exclude that young children acquire stronger action–

effect associations than older children––and there is no evidence that would support

this assumption––the presence of more errors under inconsistent mapping suggests

that acquisition-related action priming was stronger in the younger than the older

children. More resultant priming in the younger children on the basis of equally

strong action–effect associations implies that the competing internal processes must

have been weaker. In other words, the task-relevant stimulus-action rules were main-
tained less efficiently in the younger than the older group. As a consequence, the

younger children must have neglected the relevant task rules, that is, the action goal,

in a substantial number of trials.

Goal neglect, that is, the inability to maintain a task goal or to turn task require-

ments into task goals, has been suggested to occur in healthy adults (De Jong, Ber-

endsen, & Cools, 1999) and, more pronounced, in elderly people (De Jong, 2001) and

frontal patients (Duncan, 1995; Duncan, Emslie, Williams, Johnson, & Freer, 1996).

Neglect-like behavior in patients with frontal lesions suggests a strong relationship
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between goal neglect and the frontal cortex, which is known to be involved in main-

taining goal- and task-relevant information (e.g., Gruber & Goschke, 2004), such as

the relevant stimuli and responses (e.g., Duncan, 1995; Duncan et al., 1996). From

the developmental literature we know that there is a relation between the improve-

ment in action-related executive functions and changes in the prefrontal cortex (e.g.,
Diamond, 1990; Fuster, 1989; Johnson, 1999; Shallice & Burgess, 1998), and more

specifically, that between ages 3 and 6 years, the frontal circuits of the corpus callo-

sum, which are associated with sustained mental vigilance and action planning, are

subject to major maturational changes (Thompson et al., 2000).

That children younger than 5 years of age have particular problems with main-

taining goal information does not come as a surprise, and has been shown in many

studies. We have already mentioned that children of this age often fail on tasks that

require the inhibition of prepotent responses (Bell & Livesey, 1985; Dowsett & Live-
sey, 2000; Levy, 1980; Livesey & Morgan, 1991) or of a previously relevant task rule

(Zelazo et al., 1995, 1996, 2004), and that they show a disproportionate deterioration

on tasks that require the inhibition of stimulus-compatible responses (e.g., Diamond

et al., 2002; Diamond & Taylor, 1996; Gerstad et al., 1996; Mischel & Mischel,

1983). Hence, it makes sense to assume that younger children often forget what they

ought to do. On a goal-neglect account errors under inconsistent mappings may

emerge as follows. Assume that, in the acquisition phase, pressing the left and right

key produces the auditory effects ‘‘uh-oh’’ and ‘‘blabla’’, respectively, as shown in
Fig. 5(A). These actions are carried out by activating the corresponding motor pat-

terns ml and mr, which are already associated with perceptual effect codes and/or ver-

bal labels characterizing them as ‘‘left’’ and ‘‘right’’––these codes are likely to be used

to control the key-pressing actions in the first place (cf., Hommel, 1993). Repeatedly

producing the new, auditory effects will establish permanent links between them and

the corresponding motor patterns, as shown in Fig. 5(B). Under a consistent map-

ping, the new codes can be used to retrieve the responses in the test phase, which

would enable the automatic translation of the auditory stimulus into the correct re-
sponse (‘‘uh-oh’’fi left, ‘‘blabla’’fi right). Indeed, there is evidence that at least

adults are able to use the codes of just acquired action effects to automatize stimu-

lus–response translation (Hommel, in press). Under an inconsistent mapping, how-

ever, selecting a response is more complicated. In the example, ‘‘uh-oh’’ needs to be

translated into a right response and ‘‘blabla’’ into a left response. To accomplish

that, internal short-term links between the auditory codes and the corresponding

motor patterns need to be established, just as indicated by the broken lines in Fig.

5(B). As these links are not (yet) overlearned, they require top-down support from
systems that represent the current goal state (Cohen, Braver, & O’Reilly, 1998;

Cohen, Dunbar, & McClelland, 1990; Duncan et al., 1996). There are two, non-

exclusive ways of how top-down support may be provided: The relevant short-term

links may be facilitated (e.g., Cohen et al., 1990) and/or the irrelevant long-term links

may be inhibited; both possibilities are considered in Fig. 5(B).

According to this scenario, there are several ways processing problems may occur

under an inconsistent mapping. First, responses may be correct but slow because the

irrelevant links are so strong that they activate the incorrect response to some degree
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(thus creating response conflict) and/or because the goal representation is not fully

activated. We speculate that this constellation characterizes performance in adults,
who exhibit smaller consistency effects on errors, but larger effects on RTs, than chil-

dren (cf., Elsner & Hommel, 2001). Second, however, the impact of the goal may

sometimes be too weak to make sure that the correct response is produced, or it

may be absent at all. This kind of goal neglect is what we think has created the large

performance drops in the 4-year-olds. That is, 4-year-olds may have more difficulties

than 7-year-olds to keep the representation of the current task goal in a state of high

activation, so that the overlearned links will prevail in activating the response––at

least in a considerable number of trials. According to this reasoning, 4-year-olds will
have frequently neglected the action goal under both consistent and inconsistent

mappings but this turned into an action-control problem only with the latter, i.e.,

in the presence of task-inconsistent sound–key associations. If so, the young children

in this condition will have suffered particularly often from cognitive overload, which

might account for the high false-alarm rates.

Interestingly, this line of reasoning might also account for the inverted consistency

effect in 7-year-olds observed in Experiment 2. Assume that these older children are

able to achieve a higher and more consistent degree of activation of the task goal. If
activating the goal implied the inhibition of irrelevant action–effect associations, it is

possible that strongly activating the goal in the consistent-mapping group turned

their practice-related benefit of having suitable sound–key associations available into
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a disadvantage; i.e., subjects may have inhibited the very associations they could

have used to excel. However, as the reversal of the consistency effect did not replicate

in Experiment 3, we consider this possibility as no more than an interesting specula-

tion.

To summarize, children of 4–7 years of age seem to acquire irrelevant action–ef-
fect contingencies as automatically as adults do, which provides further support for

ideomotor approaches to action control in general and for Elsner and Hommel’s

(2001) two-stage model in particular. Whereas no age-correlated differences seem

to exist with regard to the efficiency with which action–effect associations are created

and retained, 4-year-old children are apparently more prone than 7-year-olds to the

unwanted impact these associations––and external stimuli activating them––exert on

action control. This greater impact of stimulus-induced behavioral tendencies seems

to reflect the not yet fully developed ability to maintain the current task goal and,
thus, reflect a relative high probability of goal neglect.
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