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Abstract

Typically, action phrases like ‘‘break the match’’ are recalled better if participants are asked to enact the phrases

than if they are just asked to remember them. This difference in recall rates is called the enactment effect. In accounts of

the enactment effect, the role of differences between action phrases has remained open. In the present paper, it is hy-

pothesized that free recall performance after enactment depends on the presence, during encoding and retrieval, of

objects that are interactively encoded with actions and consequently may serve as retrieval cues. This hypothesis was

tested in various ways and corroborated in three experiments. Enactment effects were consistently smaller, even non-

existent, for action phrases with objects absent than for phrases where the objects are present in the experimental

context during encoding and retrieval.

� 2002 Elsevier Science (USA). All rights reserved.
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Since the beginning of the 1980s, an increasing

number of studies have investigated memory for actions

(see Engelkamp, 1998; Steffens, 1998, for reviews). In the

typical paradigm, lists of short verb–object phrases like

‘‘read the newspaper’’ and ‘‘scratch your head’’ are

learned under various encoding conditions. Participants

enact these phrases; they pretend to do so; they imagine

doing so; they watch somebody doing so; or they simply

learn the phrases verbally. The finding that the first two

conditions in which actions are carried out typically

provoke better recall than other encoding conditions has

drawn most attention (e.g., Earles, 1996; Engelkamp,

1991; Nilsson & Cohen, 1988; Nyberg, Nilsson, &

B€aackman, 1991). However, which action phrases drive
this phenomenon, and what their crucial features are, is

still an open question. It is the topic of the present paper.

The role of objects during the encoding and retrieval of

actions

How can the differences between memory perfor-

mance after (pretence) enactment versus other encoding

conditions be explained? We assume, along with others,

that information processing during enactment is tied by

the task demands of enactment (also see Engelkamp,

1998). Consequently, carrying out actions, as compared

to other encoding conditions, ensures semantic pro-

cessing of task-relevant features of verb–object phrases.

This must be so, because semantic processing is a nec-

essary precondition for being able to enact a phrase. In

order for an action like ‘‘throw the apple’’ to be carried

out on demand its meaning must be understood (cf.
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Helstrup, 1989; Kausler & Hakami, 1983; Wippich &

Mecklenbr€aauker, 1995, for similar arguments). More
specifically, enactment brings about item-specific pro-

cessing (Einstein & Hunt, 1980; Hunt & Einstein, 1981;

Hunt & McDaniel, 1993) of the elements of the action

phrase that determine the necessary movements, that is,

item-specific processing of the verb and, to a lesser de-

gree, of the object—as ‘‘apple’’ needs to be processed

only in so far as it modifies the movement of throwing,

not with regard to other aspects of its meaning (being

eatable etc.). Therefore, planning and carrying out the

action necessarily imply, in addition, verb–object rela-

tional processing or unitization (Graf & Schacter, 1989)

of the verb and the object (Engelkamp, 1998; Kormi-

Nouri, 1995; Saltz & Donnenwerth-Nolan, 1981; Stef-

fens, 1999).

These assumptions are by now widely shared by re-

searchers in the field of action memory (cf. Engelkamp,

1998; Knopf, 1995; Kormi-Nouri & Nilsson, 1998).

They also may seem rather trivial. However, they can

explain a range of findings that have been discussed

during the first years of action memory research as

‘‘surprising’’ or hard to explain by existing memory

theories. For instance, a simple levels-of-processing

manipulation for phrases enacted does not always yield

differences in memory performance (e.g., Cohen, 1981;

Nilsson & Craik, 1990). In other words, the usual ‘‘level

of processing’’ in an enactment condition is not in-

creased by a simple semantic processing instruction.

This should be so because, in order to be carried out, all

actions are already processed on a semantic level (cf.

Zimmer & Engelkamp, 1999, for a review of research on

action memory and levels of processing). More examples

of findings that are not so surprising and not so hard to

explain are discussed by Steffens (1998).

On top of the above assumptions that are by now

consensual, there is one additional feature that we pos-

tulate to differ between an enactment and other encod-

ing conditions; that is, the salience of cues in the

encoding situation that may be used as retrieval cues.

Retrieval cues are elements of the experimental context

that become associated with the to-be-remembered ma-

terial during encoding and can thus later serve to help

recall (cf. Tulving, 1983). To what extent does carrying

out actions during encoding increase the association

between action phrases and elements of the experimental

context? We expect that a high association will be ob-

tained if the object of the action phrase itself is present in

the experimental context. For instance, when carrying

out the action ‘‘knock on the table,’’ the table in the

experimental room should become associated with that

action phrase with a higher probability than when ver-

bally memorizing the same phrase. Therefore, that table

will, after enactment, be able to serve as a powerful re-

trieval cue in free recall with an increased probability.

During verbal learning, no connection is enforced be-

tween the concept ‘‘table’’ and its instantiation in the

experimental context. Likewise, after carrying out ‘‘clap

your hands,’’ one�s own hands will more likely be a
powerful retrieval cue than after verbally learning that

phrase (see also Cohen, Peterson, & Mantini Atkinson,

1987; Norris & West, 1990; Nyberg et al., 1991). En-

actment does thus have similar consequences as an in-

struction to form integrated images of the to-be-learned

items on the one hand and particular physical features of

the experimental room on the other (Eich, 1985). Similar

to a story mnemonic or to written transcripts of indi-

vidual study-phase associations, such retrieval cues en-

able ‘‘some of the functional context of the presentation

period to be recovered from memory’’ (Reddy & Belle-

zza, 1983, p. 168). Given an increased probability of

unitization during enactment, the presence of the object

as a retrieval cue should provoke excellent recall of the

whole action phrase. This is an instance of a powerful

interactive context effect as discussed by Baddeley (e.g.,

1982, 1997). Unlike incidental or independent context

attributes (see Smith & Vela, 2001, for a review), instead

of establishing only a connection between the engram

and some incidental context features, interactive context

attributes change the resulting engram in a profound

way. In the present case, the engram should be more

detailed, elaborate, and concrete when objects in the

experimental context are encoded. Thus, the availability

of objects as cues in the test environment is but part of

the postulated mechanism. Objects modulate the effect if

they are present during learning and test (optimal con-

ditions) or only during learning (still provoking en-

hanced encoding). This implies that, if phrases with

objects in the encoding context are to be recalled in a

context that does not contain the study phase cues, there

could still be an enhanced enactment effect for them by

way of mental reinstatement (cf. also Cohen et al., 1987).

Concretely, mentally reinstating the encoding context

featuring the table that was there may cue ‘‘knock on the

table’’ in an enactment, but not verbal learning condi-

tion. In the latter condition, the cue is effective with a

lower probability because it was interactively encoded

with a lower probability. When it comes to body parts as

cues, such as one�s own hands, the cues are of course still
present if the rest of the context is changed. Besides the

fact that their presence cannot be manipulated, we do

not draw a theoretically important distinction between

body parts and other action phrase objects as cues.

If retrieval cues indeed played an important role for

the superior recall of actions carried out, the enactment

effect should be larger for action phrases where the ob-

jects are present in the environment than for those where

the objects are absent. For instance, while body parts are

necessarily involved in carrying out actions, they should

be superior retrieval cues for action phrases that directly

mention body parts such as ‘‘scratch your nose’’ than for

action phrases where they are only implied such as (use
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your hands to) ‘‘put on the hat.’’ Similarly, the encoding

context should provide superior cues for ‘‘point to the

window’’ if there is a window than if there is none, ev-

erything else being equal.

The main purpose of the experiments presented be-

low was to test this cue salience hypothesis. For com-

patibility with previous experiments on action memory,

we first used typical action phrases from the appendices

of published studies. This is important because we in-

tend to contribute to explaining their typical findings. In

Experiment 1a, we also mirrored the typical list com-

position. A minority of the phrases were action phrases

with cues involving body parts, the others involved ab-

sent objects. In Experiment 1b, 50% of the critical action

phrases involved body parts, and 50%, absent objects. In

Experiment 2, action phrases with present objects that

were not body parts were also included to increase the

generality of the finding. In Experiment 3, the presence

or absence of objects for given phrases was directly

manipulated in an attempt to exert closer experimental

control over the cue salience effect. Critical phrases were

held constant in this experiment. For instance, ‘‘insert

the floppy disk’’ was learned in the presence or absence

of a floppy disk in the experimental cubicle. To antici-

pate, the results of all three experiments are compatible

with the assumption that the presence of cues during

encoding and retrieval exerts a large effect on the size of

the enactment effect in free recall.

Experiments 1a and b

In Experiments 1a and b, we tested the hypothesis

that the enactment effect is larger for the subgroup of the

to-be-enacted action phrases where the objects are

present in the environment than for action phrases with

absent objects. Through enactment of the action phra-

ses, environmental cues for concepts that are part of

these action phrases should become salient and later be

used easily as respective retrieval cues in free recall.

Thus, an enactment effect should be found for the sub-

group of action phrases in a given list for which such

cues are present. There should be less of a difference in

free recall rates between an enactment and a verbal

learning condition for those action phrases where such

cues are not present, namely, for action phrases where

participants had to pretend carrying out actions with

certain (absent) objects. Thus, an interaction effect was

expected for the factors encoding condition and type of

action phrase.

Method

Participants

Participants were 84 students (36 females) at the

Universit€aat Trier in Experiment 1a and 45 students (23

females) in Experiment 1b who either took part in the

experiment voluntarily or in partial fulfillment of course

requirements. Their age ranged from 19 to 41 years

(M ¼ 22:87 years, SD ¼ 3:89) in Experiment 1a and
from 17 to 31 years (M ¼ 22:78 years, SD ¼ 2:78) in
Experiment 1b.

Materials

For Experiment 1a, 40 action phrases were sampled

from available lists of action phrases used in previous

studies (Brooks & Gardiner, 1994; Cohen, 1981).

Complete lists of all phrases used in the present research

are given in the Appendix. To exclude possible con-

founds with short-term remembering, five of these action

phrases were used as a recency buffer and were excluded

from all analyses (cf. Steffens, 1999; Steffens & Erdfel-

der, 1998). As in previous experiments, body parts were

the objects of a minority (9) of the remaining 35 phrases,

as in ‘‘comb the hair.’’ The objects of the other 26 action

phrases were selected such that they were neither present

in the laboratory nor were they presented during study.1

An example is ‘‘open the umbrella.’’ (German word

order was reversed.) The object in each of these action

phrases stemmed from a separate semantic category.

For Experiment 1b, 40 new action phrases were se-

lected from the same sources, or they were generated by

the experimenters. Six of these action phrases consti-

tuted the recency buffer and were excluded from all

analyses. The objects of half of the remaining action

phrases were body parts, those of the other half were

absent. Three action phrases involving body parts and

three involving absent objects were presented in the first

six positions of the study list. The objects of the action

phrases with absent objects were from unique semantic

categories.

Procedure

Each experiment lasted approximately 15min and

was conducted on an Apple Macintosh PowerBook.

Participants were randomly assigned to the experimental

conditions and asked to read thoroughly the instructions

presented on the computer screen. All participants were

informed that short ‘‘sentences’’ consisting of exactly

one verb and one object each would be presented on the

computer screen, one after the other, and that they

should try to keep these in mind. Participants in the

enactment condition were additionally told that they

should pretend to enact these ‘‘sentences’’ to improve

their memory for them. After the instructions were read

and understood, two examples of action phrases were

shown, and participants read that they had to keep in

1 In fact, objects of 2 (Experiment 1a) or 1 (Experiment 1b)

action phrase can still be conceived as present in the exper-

imental room.
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mind these phrases and, in the enactment condition

only, that they had to pretend to carry out these actions.

Each action phrase was then presented for 6 s on the

computer screen. With the exception of the recency-

buffer phrases, the action phrases were presented to each

participant in a unique random order. After the last

recency-buffer action phrase had been presented, par-

ticipants were informed that a memory test would follow

immediately. They were told that they had 3min (Ex-

periment 1b: 4min) to write down all the sentences they

could remember in any order they wished. Finally,

participants had the opportunity to be informed about

the purpose of the experiment.

Design

The dependent variable was the percentage of action

phrases recalled. Independent variables were the en-

coding condition (enactment vs. verbal learning; ma-

nipulated between subjects) and the type of action

phrase (action phrases with body parts vs. action phra-

ses with absent objects; manipulated within subject).

In Experiment 1a, given a Type-I error probability of

a ¼ :05 and N ¼ 84, ‘‘large effects’’ of f ¼ :40 (cf. Co-
hen, 1977) were detectable with a probability of

1� b ¼ :95 for the encoding condition manipulation
(between subjects).2

Results

Three general remarks concerning the Results sec-

tions of all experiments reported are in order. First, as is

usually done (e.g., Cohen, 1981; Norris & West, 1991),

analyses using a lenient scoring criterion are reported.

Action phrases were counted as recalled correctly if the

words written down carried the essence of their meaning.

More specifically, a phrase was still counted as recalled

correctly if the noun or verb recalled was synonymous to

the one presented, or if the plural of the noun was re-

called instead of the singular, or if the object recalled

was very similar to the one presented (as in ‘‘mug’’ vs.

‘‘cup’’). In contrast, if the meaning of the verb was

changed (as in ‘‘open the umbrella’’ in contrast to ‘‘close

the umbrella’’) or if the verb–noun pairing was not

correct (‘‘pat your hip’’ instead of ‘‘pinch your hip’’ or

‘‘pat your tummy’’) the phrase was not counted. Six

raters went through the scoring until they reached

agreement on all items. The results are not substantially

altered when a strict scoring criterion is used. Second,

for all statistical tests, the a-error level was set at a ¼ :05.
Consequently, individual p values are omitted. Partial

R2 ðR2pÞ is reported as an indicator of the effect size for
statistically significant effects (cf. Cohen, 1977). R2p is the

proportion of variance explained by one factor in rela-

tion to the variance not explained by other factors. A

multivariate approach was used for the within-subject

comparisons. As a consequence, no MSE values are

reported for within-subject variables with more than two

levels. In our applications, all multivariate test criteria

correspond to the same (exact) F statistic that is re-

ported. In addition, the Pillai-Bartlett V is reported as a

multivariate measure of effect size for statistically sig-

nificant effects.

Experiment 1a

Totaled across the types of action phrases, partici-

pants in the enactment condition recalled 36% of the

action phrases presented, whereas participants in the

verbal learning condition recalled 30%, replicating the

typical enactment effect. The left half of Table 1 shows

the percentage of action phrases recalled after enactment

and verbal learning separately for type of action phrase.

As shown in the upper left part of Table 1, action

phrases with body parts were recalled better in the en-

actment than in the verbal learning condition. In con-

trast, as shown in the lower left part, there was

apparently no enactment effect for the recall of action

phrases with absent objects.

A 2 (encoding condition)� 2 (type of action phrase)
MANOVA, with repeated measures on the second fac-

tor, on the percentage of action phrases recalled yielded

a main effect of encoding condition, that is, the expected

enactment effect, F ð1; 82Þ ¼ 17:66, MSE ¼ 217:93,
R2p ¼ :18. Additionally, there was a statistically signifi-
cant main effect of type of action phrase, F ð1; 82Þ ¼
16:40, MSE ¼ 138:82, R2p ¼ :17. Both main effects were
qualified by the hypothesized interaction between them,

F ð1; 82Þ ¼ 16:49, MSE ¼ 138:82, R2p ¼ :17. A subsequent
analysis of simple main effects yielded an enactment ef-

fect for action phrases with body parts, F ð1; 82Þ ¼ 25:38,
MSE ¼ 237:87, R2p ¼ :24, but not for those with absent
objects, F < 1. Similarly, there was an effect of type of
phrase in the enactment condition, F ð1; 82Þ ¼ 33:69,
MSE ¼ 138:82, R2p ¼ :29, but not in the verbal learning
condition, F < 1.

Table 1

Percentage of action phrases recalled (and standard errors of

means) in Experiments 1a and 1b, separately for enactment and

verbal learning and for action phrases with body parts and

action phrases with absent objects

Experiment 1a Experiment 1b

Body parts

Enactment 47 (3) 59 (3)

Verbal learning 30 (2) 40 (3)

Absent objects

Enactment 32 (1) 33 (2)

Verbal learning 30 (2) 31 (3)
2 All power calculations rely on the G�Power-program

(Buchner, Faul, & Erdfelder, 1996).
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Experiment 1b

Totaled across the types of action phrases, partici-

pants in the enactment condition recalled 45% of the

action phrases presented, whereas participants in the

verbal learning condition recalled 34%, suggesting a

typical enactment effect. The right half of Table 1 shows

that, again, there was an enactment effect for action

phrases with body parts, but not for action phrases with

absent objects.

A 2 (encoding condition)� 2 (type of action phrase)
MANOVA, with repeated measures on the second fac-

tor, on the percentage of action phrases recalled repli-

cated the effects found in Experiment 1a, yielding a

statistically significant enactment effect, F ð1; 43Þ ¼ 11:06,
MSE ¼ 234:66, R2p ¼ :20, a main effect of type of action
phrase, F ð1; 43Þ ¼ 41:04, MSE ¼ 159:60, R2p ¼ :49, and
an interaction between these factors, F ð1; 43Þ ¼ 10:20,
MSE ¼ 159:60, R2p ¼ :19. A subsequent analysis of simple
main effects yielded an enactment effect for action

phrases with body parts, F ð1; 43Þ ¼ 19:01; MSE ¼
219:17, R2p ¼ :31, but not for those with absent objects,
F < 1. In the enactment condition, action phrases with
body parts were recalled substantially better than those

with absent objects, F ð1; 43Þ ¼ 47:13, MSE ¼ 159:60,
R2p ¼ :52, and this difference was also present, but smaller
in the verbal learning condition, F ð1; 43Þ ¼ 5:05, MSE ¼
159:60, R2p ¼ :11.

Discussion

The data provide striking evidence for the effect of

type of action phrase. A substantial overall enactment

effect was found in free recall. Had we stopped our

analyses here, we would have replicated the typical

finding that is usually attributed to the fact that action

phrases in general are recalled better after enactment.

However, the enactment effect could unequivocally and

exclusively be ascribed to action phrases with body

parts, and there was no enactment effect for the re-

maining action phrases with absent objects. This was the

case irrespective of the proportion of action phrases with

body parts in the list.

These results are compatible with our cue salience

hypothesis. Overall enactment effects found in free recall

are larger for the subgroup of action phrases where the

objects are present (here, body parts) during encoding

and test, as compared to the action phrases where the

objects are absent. During enactment, present objects

become associated with the action phrases more than

during verbal learning, and thus, they are better retrieval

cues in the former than in the latter case.

In the present study, the enactment effect even was

confined to the action phrases with objects. This is a

surprising finding, given the robustness of the enactment

effect reported in the literature. We offer several expla-

nations for this finding in the General discussion.

It is unlikely that our results depend on the specific

action phrases we selected because Experiments 1a and b

comprised nonoverlapping materials. Before turning to

the findings� implications, it is still important to replicate
them with a different kind of action phrases with cues in

the experimental context, that is, cues that do not in-

volve body parts. Based on the findings of Experiment

1a and 1b, we cannot decide between the cue salience

hypothesis put forward here and the notion that body

parts are special. Comparable to self-reference ratings

that provoke particularly good recall (Rogers, 1981;

Rogers, Kuiper, & Kirker, 1977), self-reference move-

ments may result in higher recall rates. Such a self-ref-

erence effect could be a direct extension of the view that

motor codes affect memory performance (Engelkamp,

1998). In addition to the memory traces left in the

process of efferent neurons� enervation (e.g., to lift a
hand) and afferent feed-back of movements carried out

(e.g., ‘‘hand has been lifted’’), afferent signals of passive

contacts could leave memory traces (e.g., ‘‘nose has been

touched’’). If this were so, there should be a larger en-

actment effect for action phrases with body parts than

for other action phrases with objects in the experimental

context and action phrases with absent objects. To our

knowledge, such proprioceptive stimuli are not assumed

to influence remembering in any account of action

memory. Still, we tested this prediction against the cue

salience hypothesis in Experiment 2.

Experiment 2

Experiment 2 was designed to test the cue salience

hypothesis using a list of action phrases that also con-

tained action phrases with cues that are not body parts,

that is, action phrases using objects in the experimental

context (e.g., ‘‘point at the door’’). The other kinds of

action phrases used were, again, action phrases em-

bracing body parts and action phrases with absent ob-

jects. In addition, action phrases were used that

consisted of verbs only and did not imply a certain ob-

ject for enactment (e.g., ‘‘tie’’, ‘‘steer’’). These phrases

obviously differ from the other types of action phrases in

that they neither embrace an object in the experimental

context nor a certain absent object that is to be re-

membered. If for some reason the processes of pre-

tending to use objects and subsequently being asked to

recall them reduced the enactment effect for the respec-

tive phrases, there should be a larger enactment effect for

verbs only than for action phrases with objects absent.

Instead, if the enactment effect can be traced to a self-

reference effect for actions with body parts, the enact-

ment effect for these action phrases should exceed that

for the other three types of action phrases. If, however,

our hypothesis is correct that cues present during en-

coding and retrieval determine the size of the enactment
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effect, the enactment effect for action phrases with cues

should be larger than for action phrases without cues.

Statistically, an interaction between encoding condition

and type of phrase was expected.

Method

Participants

Participants were 40 students at the Universit€aat Trier
who either took part in the experiment voluntarily or in

partial fulfillment of a course requirement. Their age

ranged from 19 to 40 years (M ¼ 23:23 years,
SD ¼ 4:41), 25 were female.

Materials

Forty new action phrases were selected from the

same sources as in the previous experiment, or they were

generated by the experimenters. Four additional action

phrases constituted the recency buffer and were excluded

from all analyses. The objects of half of the critical ac-

tion phrases were present, 10 of them were body parts,

10 were not. Ten of the action phrases with no cues

present embraced absent objects, the other 10 consisted

of verbs only.

Procedure

The procedure was identical to that in Experiment 1

with the following exceptions. The experiment was

conducted in experimental cubicles equipped with

PowerMacs. Action phrases were presented to the par-

ticipants in an individually randomized order, with the

restriction that in each block of list positions 1–4, 5–8,

and so on, one action phrase of each type was presented.

We did this to exclude serial position effects that might

confound the effects of type of action phrase (cf. Zim-

mer, Helstrup, & Engelkamp, 2000). Each action phrase

was presented for 7 s on the computer screen and par-

ticipants were given 5min to recall all the action phrases

they could remember. Encoding condition was varied

within-subject in a blocked fashion. We balanced which

of the action phrases were enacted and which were

verbally learned, and we balanced orthogonally whether

the to-be-enacted phrases were presented in the first or

second half of list presentation and treated this as a

control factor in the analyses of results. In addition to

the action phrase, ‘‘enact’’ was presented on the com-

puter screen in the respective half.

Design

The dependent variable was the percentage of action

phrases recalled. Independent variables were encoding

condition (enactment vs. verbal learning) and type of

action phrase (phrases with body parts; phrases with

present objects; phrases with absent objects; and verbs).

Both were manipulated within subject. Given a Type-I

error probability of a ¼ :05, N ¼ 40, and an expected

population correlation of q ¼ :10 between the percent-
age of enacted and verbally learned phrases recalled,

large effects (f ¼ :40, cf. Cohen, 1977) for the encoding
condition could be detected with a probability of

1� b ¼ :96.

Results

Whether the to-be-enacted phrases were presented in

the first or second half of list presentation showed nei-

ther a main effect nor an interaction with any of the

design factors, all F s < 1. Therefore, the data were col-
lapsed across this factor.

Totaled across the type of action phrase, participants

recalled 45% of the action phrases enacted and 26% of

those verbally learned. Fig. 1 shows that all types of

enacted phrases were apparently recalled better than

those verbally learned and phrases with body parts and

present objects were recalled better than phrases with

absent objects and verbs only. Most importantly, the

enactment effect seems larger for phrases with cues

present than for phrases with cues absent.

A 2 (encoding condition)� 4 (type of action phrase)
MANOVA, with repeated measures on both factors, on

the percentage of action phrases recalled yielded a large

enactment effect, F ð1; 39Þ ¼ 38:43, MSE ¼ 683:41,
R2p ¼ :50. Additionally, there was a main effect of type of
action phrase, F ð3; 37Þ ¼ 40:75, V ¼ :77, and the ex-
pected interaction, F ð3; 37Þ ¼ 6:75, V ¼ :35. Repeated
contrasts on the interaction (in the order in which type

of phrase is shown in Fig. 1, reported from left to right)

showed that the enactment effect was of similar size for

phrases with body parts and phrases with present ob-

jects, F < 1; the enactment effect was larger for phrases
with present objects than for phrases with absent ob-

jects, F ð1; 39Þ ¼ 18:55, MSE ¼ 389:23, R2p ¼ :32; and it

Fig. 1. Percentage of action phrases recalled in Experiment 2,

separately for enactment and verbal learning, for action phrases

with cues present (body parts or objects in the experimental

room) and action phrases with no cues present (absent objects

or verbs only). Error bars represent standard errors of means.
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was of similar size for phrases with absent objects and

verbs, F < 1:31. For the sake of completeness, repeated
contrasts on the main effect of type of phrase showed

that across encoding conditions, recall of phrases with

body parts was lower than that of phrases with present

objects, F ð1; 39Þ ¼ 27:36,MSE ¼ 593:72, R2p ¼ :41; recall
of phrases with present objects was higher than that of

phrases with absent objects, F ð1; 39Þ ¼ 87:52,
MSE ¼ 594:36, R2p ¼ :69; and recall of phrases with ab-
sent objects did not differ from that of phrases with

verbs, F < 1.

Discussion

We replicated the typical enactment effect once again,

and, corroborating our main hypothesis, it was again

larger for action phrases with cues than for those with-

out. What is most important about this finding is that

we replicated it with a new type of action phrases. The

objects of these phrases were present in the experimental

context, but were not body parts. Thus, our findings are

in accordance with a cue salience account, but not with

the idea that only body parts provoke increased enact-

ment effects because they increase self-related processing

or comprise additional proprioceptive stimuli. If the

interaction we have thus far replicated three times could

be traced to the processes associated with using and

remembering pretence objects rather than to the pres-

ence of cues, the enactment effect for verbs only should

have been larger than that for action phrases with absent

objects. This was not the case.

One may wonder why the enactment effect in Ex-

periment 2 was larger than that in the previous exper-

iments. We speculate that the large enactment effect in

Experiment 2 extends the generality of findings from

other domains. For instance, generation effects

(Slamecka & Graf, 1978; Winnick & Daniel, 1970) in

within-subject designs (Begg & Roe, 1988; Schmidt,

1990; Slamecka & Katsaiti, 1987) exceed those in be-

tween-subjects manipulations, which are nonexistent or

even reversed in many cases (for a review, see Steffens

& Erdfelder, 1998). The most surprising finding of

Experiments 1a and b was that there was no enactment

effect at all for those items for which there were no cues

in the experimental context. In contrast, the enactment

effect found in Experiment 2, though reduced, was still

statistically significant for action phrases with no cues

present (F ð1; 39Þ ¼ 14:79, MSE ¼ 327:18, R2p ¼ :28). We
thus concede that enactment effects in free recall cannot

always be traced completely to the presence of cues in

the experimental environment. In our view, enactment

should also increase item-specific processing and uniti-

zation. In addition, processing goals and strategies

must be taken into account. The difference in findings

between Experiment 2 and the previous ones may

simply point at the role of list composition, or the

specific phrases selected, for the size of the enactment

effect.

The motivation for carrying out Experiment 3 was to

exclude the possibility that the specific phrases used are

the basis of the findings we have thus far attributed to

cue salience. It seems unlikely that some other factor

was confounded with the presence of cues in all experi-

ments reported. However, the modification of enactment

effects through action phrase characteristics like famil-

iarity or object use has been the topic of previous re-

search (e.g., Cohen et al., 1987; Knopf & Neidhardt,

1989; Kormi-Nouri, Nilsson, & B€aackman, 1994a; Ny-
berg et al., 1991). On the basis of existing findings, no

definite predictions can be made which action phrases

should provoke large enactment effects. Given this un-

certainty, it would be nice to obtain more direct evidence

of the role of cue salience by holding everything constant

but the presence or absence of those cues. Nyberg et al.

(1991, p. 223) already suggested that ‘‘it will be a chal-

lenging future task to develop an experimental setting in

which this possibility can be tested.’’ We agree that this

is a rather tricky business because we believe that the

memory-enhancing consequence of carrying out actions

can, in principle, also be obtained in other encoding

conditions. That is, if the object cues become salient to

participants in a verbal learning condition, then they

may also use them as retrieval cues. This will be the case

if these cues are very salient in the first place. Obviously,

neither body parts nor ‘‘natural parts’’ of the experi-

mental context like the door or the window of the ex-

perimental room are so salient. The manipulation of the

presence or absence of these cues, however, is impossible

a priori. In contrast, cues for typical action phrases with

absent objects could be present or absent in a given

experimental cubicle. However, a hat, a hammer, a ball,

and 17 other things lying on the desk of an otherwise

neat experimental cubicle would no doubt be very sa-

lient. We would expect all participants to pick up on the

relation between those cues and the to-be-recalled list

and use them accordingly. If this happened, our ma-

nipulation would fail; participants in both encoding

conditions would show superior recall of action phrases

with cues. Therefore, adequate precautions need to be

taken.

Besides such salience, a second way in which partic-

ipants in a verbal learning condition could become

aware of the cues would be a hint in the study phase

instruction.

Experiment 3

In Experiment 3, to guard against exorbitant saliency

of cues, we manipulated the presence of cues for only a

subgroup of the action phrases used, specifically, for two

fifths of them. Half of these had cues for a given par-
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ticipant, and half, not. For the next participant, this was

reversed. As an additional precaution, these cues were

not totally unexpected in the given context, that is, they

all were loosely related to the semantic cluster ‘‘office

and computer.’’ For instance, all participants would

learn the phrases ‘‘wash out the coffee mug’’ and ‘‘pull

the desk light towards you.’’ For half of the participants,

a coffee mug would be present in the experimental cu-

bicle throughout the experiment, but no desk light, and

thus, recalling ‘‘wash out the coffee mug’’ was counted

as an action phrase with an object present, whereas ‘‘pull

the desk light towards you’’ was counted as an action

phrase with an object absent. For the other half of the

participants, this was reversed: A desk light, but not a

coffee mug, was present in their cubicle.

In addition, as in Experiment 2, there were action

phrases with body parts; action phrases where the ob-

jects were present in the experimental context, but were

not body parts; and action phrases with absent objects.

Because all but the phrases with absent objects lend

themselves to being organized in semantic clusters (body

parts, objects in the room, and office supplies), all the

action phrases with absent objects were also sampled

from a loose semantic cluster (kitchen and food-related

actions). We expected better recall and larger enactment

effects for the types of action phrases for which cues

were present in the experimental context, be their pres-

ence manipulated or not, than for action phrases with

absent objects.

A second purpose of Experiment 3 was to corrobo-

rate our prediction that participants in the verbal

learning condition can also use these cues if they are

made salient. Specifically, a participant in the verbal

learning, context instruction condition, if instructed to

use during study all available cues that might help re-

calling action phrases later, should be able encode ‘‘wash

out the coffee mug’’ with reference to the coffee mug on

the desk and then later use that mug as a retrieval cue

for that phrase. Thus, the recall of action phrases with

objects should be increased in the verbal learning con-

text instruction condition, which in turn should lead to a

reduction of the enactment effect for these action phra-

ses. In contrast, such a hint should not substantially

affect recall in the enactment condition because it is re-

dundant in that condition. Moreover, the hint should

not substantially increase recall for action phrases

without cues for the obvious reason that they should not

be too helpful as cues for these phrases. We thus ex-

pected again an interaction between encoding condition

and type of phrase in the standard instruction condition,

but not in the context instruction condition. In an

analysis involving both instruction conditions, an in-

teraction between instruction condition, encoding con-

dition, and type of phrase was expected especially for

phrases where the presence of cues was manipulated

directly.

Method

Participants

Participants were 96 students at the Universit€aat Trier
who either took part in the experiment voluntarily or in

partial fulfillment of study requirements. Their age

ranged from 18 to 41 years (M ¼ 23:35 years,
SD ¼ 3:70), 68 were female, 28 were male.

Materials

Thirty-five action phrases were selected from the

same sources as in the previous experiments, or they

were generated by the experimenters. Five additional

action phrases constituted the recency buffer and were

excluded from all analyses. The objects of three fifths of

the critical action phrases were present, seven of them

were body parts, seven were objects that were part of the

experimental context, and seven were objects present for

half of the participants. The objects of seven other ac-

tion phrases were present for the other half of the par-

ticipants. The latter two groups of action phrases

encompassed pairwise similar objects (e.g., microphone

vs. headphones, waste paper basket vs. cardboard box),

a choice that may have had unwanted consequences that

we turn to in the Discussion. Concretely, for one par-

ticipant, ‘‘snap your fingers,’’ ‘‘point to the door,’’ and

‘‘turn on the computer screen’’ were action phrases with

objects present, whereas ‘‘clean the mouse pad’’ and

‘‘peel the banana’’ were action phrases with objects ab-

sent. For the next participant, ‘‘snap your fingers,’’

‘‘point to the door,’’ and ‘‘clean the mouse pad’’ were

action phrases with objects present, whereas ‘‘turn on

the computer screen’’ and ‘‘peel the banana’’ were action

phrases with objects absent.

Procedure

The procedure was identical to that in Experiment 2

with the following exceptions. Action phrases were

presented to the participants in an individually ran-

domized order, with the restriction that in each block of

list positions 1–5, 6–10, and so on, one action phrase of

each type was presented. Because encoding condition

was varied between subjects, no specific instructions

were given during list presentation. In the context in-

struction condition, as compared to the standard in-

struction condition, two sentences were inserted.

Participants were told that present objects could be good

memory aids, and that they should try to relate the study

materials to such objects, if possible. In the example

given, their nose could remind them of ‘‘pinch your

nose.’’ Experimental cubicles differed with regard to the

specific objects present. Two different doors were used,

so that a given participant could see only the cubicle she

or he was led into. All the objects in that cubicle were

present during the whole experimental session, and they

were not pointed out to participants, nor were partici-
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pants asked to use objects like the coffee mug when

carrying out actions. In fact, these objects were put just

out of participants� reach. That way, a frequent con-
found of the encoding condition (enactment vs. verbal

learning) and the role of objects was avoided (we elab-

orate on this in the General discussion).

Design

The dependent variable was the percentage of action

phrases recalled. Independent variables were instruction

condition (standard instruction vs. context instruction),

encoding condition (enactment vs.verbal learning), and

type of action phrase (phrases with body parts; phrases

where the objects are part of the experimental context;

phrases where the presence of cues was manipulated,

and the cues were present; phrases where the presence of

cues was manipulated, and the cues were absent; and

phrases with [food-related] absent objects). The factor

type of phrase was manipulated within subject. Given a

Type-I error probability of a ¼ :05 and N ¼ 96, a large
enactment effect (f ¼ :40) could be detected with a
probability of 1� b ¼ :97.

Results

Totaled across the type of action phrase and the in-

struction conditions, participants in the enactment

condition recalled 53% of the action phrases presented,

whereas participants in the verbal learning condition

recalled 44%, again replicating the typical enactment

effect.

The upper half of Fig. 2 shows the results for the

standard instruction condition. Most importantly,

comparing the size of the enactment effect for identical

action phrases for which the presence of objects was

manipulated yields obvious support for the cue salience

hypothesis. There was a large enactment effect for these

phrases in case the objects were present and virtually

none if they were absent. As the lower part of Fig. 2

shows, in the conditions in which the instruction made

cues salient to all participants, the size of the enactment

effect did not differ for identical phrases where the

objects were present or absent. However, we concede

that this expected finding results from a change not

only for the expected subset of action phrases. The

enactment effect and the recall score in the enactment

condition was also larger, as compared to the standard

instruction condition, for action phrases with objects

absent. An additional expected finding is that, as con-

trasted with the standard instruction condition, in the

context instruction condition recall scores are higher

for participants in the verbal learning condition for

action phrases with cues present (38% vs. 35%, 51% vs.

42%, and 68% vs. 53% recalled for phrases with body

parts, context objects, and phrases where the presence

of cues was manipulated, respectively) whereas these

scores have not changed much in the enactment con-

dition (43% vs. 43%, 64% vs. 61%, and 80% vs. 81%

recalled). The enactment effect does not seem to differ

much for different types of action phrases in the con-

text instruction condition, again confirming our

expectation.

A 2 (instruction condition)� 2 (encoding condi-
tion)� 5 (type of action phrase) MANOVA with re-
peated measures on the third factor, on the percentage

of action phrases recalled yielded a main effect of in-

struction, F ð1; 92Þ ¼ 3:89, MSE ¼ 136:19, p ¼ :05,
R2p ¼ :04, showing that the context instruction increased
overall recall. Moreover, there was a typical enactment

effect, F ð1; 92Þ ¼ 14:21, MSE ¼ 136:19, R2p ¼ :13, and a
main effect of type of phrase, F ð4; 89Þ ¼ 60:50, V ¼ :73.
Furthermore, there was an interaction between encoding

condition and type of phrase, F ð4; 89Þ ¼ 6:60, V ¼ :23,
and no other interactions, with all F s being smaller than
that of the three-way interaction, F ¼ 1:36. However,
the interaction between instruction, encoding condition,

and type of phrase was present for the contrast between

the two most important types of action phrases, that is,

identical phrases where the presence of cues was ma-

nipulated, F ð1; 92Þ ¼ 4:38, MSE ¼ 778:25, R2p ¼ :05.
Follow-up analyses were carried out on subparts of

the design to test other theoretically interesting effects.

As expected, the above interaction between encoding

condition and type of phrase was present in the standard

instruction condition, F ð4; 43Þ ¼ 6:18, V ¼ :37, but not
in the context instruction condition, F < 1:49. In the
standard instruction condition, repeated contrasts on

the interaction (in the order in which type of phrase is

shown in Fig. 2) showed similar-size enactment effects

for the three types of action phrases with cues, both

F s < 2:38. As expected, however, the enactment effect
was larger for identical phrases when the cues were

present rather than absent, F ð1; 46Þ ¼ 11:04,
MSE ¼ 745:96, R2p ¼ :19. For the two types of action
phrases without cues, enactment effects were not signif-

icantly different, F < 1:10. In the context instruction
condition, the size of the enactment effect was not

modified by the type of phrase, as repeated contrasts

confirmed, all F s < 2:38.
In a separate analysis of the three types of action

phrases with cues, in the enactment condition, the con-

text instruction did not increase recall, F < 1. In con-
trast, the context instruction increased recall of phrases

with cues in the verbal learning condition,

F ð1; 46Þ ¼ 3:81, MSE ¼ 261:74, p < :06, R2p ¼ :08. In
turn, the enactment effect for these phrases was larger in

the standard instruction condition, F ð1; 46Þ ¼ 23:45,
MSE ¼ 544:51, R2p ¼ :34, than in the context instruction
condition, F ð1; 46Þ ¼ 5:01, MSE ¼ 764:68, R2p ¼ :10.
There was no enactment effect, F < 1, in a separate
analysis of the two types of action phrases without re-

trieval cues, neither in the standard instruction condition
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nor in a combined analysis of both instruction condi-

tions.

Discussion

The evidence clearly favored the cue salience hy-

pothesis. The presence of cues during encoding and test

moderated substantially the size of the enactment effect.

What is new: This was found if the action phrases were

held constant and the presence or absence of cues was

directly manipulated. Moreover, the experiment showed,

as expected, that participants in the verbal learning

condition, if told so, could use the cues to a similar

degree as those in the enactment condition. Conse-

quently, the enactment effect was no longer moderated

by the presence of cues in the context instruction con-

dition, but was of approximately the same size for all

action phrases.

The only unexpected finding was that, given a context

instruction, participants in the enactment condition re-

called more action phrases with absent objects than gi-

ven a standard instruction—recall of those objects that

were present in the other experimental groups benefitted

from the context instruction. If this finding is not at-

tributed to chance, how could it be explained? As

mentioned before, we used pairwise similar objects of

which one was present and one not. We suspect that

participants created idiosyncratic context cues, some-

times using related objects (CD instead of floppy disk,

waste paper basket instead of cardboard box, etc.) as a

cue for both action phrases. This unexpected finding

notwithstanding, the context instruction condition ful-

filled its main purpose. It showed that participants in the

verbal learning condition can strategically use objects as

cues, if asked to do so in the study phase instruction.

General discussion

In the present paper, we have proposed a previously

neglected factor influencing the free recall of actions in a

framework in which information processing is tied by

the task demands of enactment. There is much consen-

sus, and we agree, that carrying out actions, as com-

pared to other encoding conditions, ensures semantic

processing of action phrases. More specifically, it ap-

pears that enactment brings about item-specific pro-

cessing of the elements of the action phrase that

Fig. 2. Percentage of action phrases recalled in Experiment 3, separately for the standard instruction condition and the context in-

struction condition, for enactment and verbal learning, for action phrases with cues present (body parts; phrases where the objects are

part of the experimental context; or phrases where the presence of cues was manipulated, and cues were present) and action phrases

with no cues present (phrases where the presence of cues was manipulated, and cues were absent; and phrases with [food-related] absent

objects). Error bars represent standard errors of means
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determine the necessary movements, that is, item-specific

processing of the verb and, to a lesser degree, of the

object. Additionally, planning and carrying out the ac-

tion implies unitization (Graf & Schacter, 1989) of the

verb and object. The further assumption we want to add

to this framework is that the task demands brought

about by enactment increase the probability of the in-

teractive encoding of context elements that can later be

used as retrieval cues. Interactive encoding should occur

for verb–object phrases where the objects mentioned are

present in the experimental context. This processing that

enactment ‘‘automatically’’ (e.g., Cohen, 1984) brings

about can strategically be obtained in a verbal learning

(or other) encoding condition if participants are in-

structed accordingly.

The main purpose of the present experiments was to

test the mnemonic role of cues present during the en-

coding and retrieval of action phrases. An analysis of

subgroups of action phrases as they are found in typical

study lists confirmed the hypothesis that an overall

significant enactment effect in free recall was larger for

those action phrases where the objects are present in the

experimental context than for those where the objects

are absent. In the present Experiment 1a, the objects

present were body parts. For the action phrases where

the objects were absent, no enactment effect was found

at all. This finding was replicated with a different list

composition and different action phrases (Experiment

1b); it was replicated for action phrases with cues that

are not body parts (Experiment 2); and it was repli-

cated if, for action phrases held constant, the presence

of cues was directly manipulated (Experiment 3). As

expected, if the cues were pointed out to all partici-

pants, the free recall of action phrases with cues was

increased after verbal learning, but not after enactment

(Experiment 3).

Excluded alternative explanations to the cue salience

hypothesis

Given the variations in the type of action phrases

that we used in the above research, we can exclude a

range of alternative explanations for our finding that the

enactment effect is larger for action phrases with objects

as cues.

First, according to our findings, the enactment effect

cannot simply be a variation of the self-reference effect

(Rogers, 1981; Rogers et al., 1977) in the sense that

those actions are recalled better that imply higher self

involvement. Enactment effects were found for action

phrases with body parts as well as for other action

phrases with cues (cf. Nyberg et al., 1991, for a related

finding). If the degree of self involvement was crucial for

the probability of recalling action phrases, one would

expect larger enactment effects only for phrases involv-

ing body parts or phrases heightening self consciousness

in some other way, for instance, by being embarrassing.

This pattern of findings was clearly not obtained (cf. also

Perrig, 1988; Steffens, 1998). Neither proprioceptive

stimulation resulting from touching body parts nor the

focus on the self brought about by mentioning body

parts as objects of action phrases, thus can explain the

present pattern of findings.

Second, one may suspect that specific processes

brought about by pretending to use specific absent

objects and subsequently recalling them led to a re-

duction of the enactment effect. However, we also

found a reduced enactment effect for the recall of verbs

only.

Third, one may argue that action phrases with cues

differed from action phrases without cues in that action

phrases with cues more or less lent themselves to clus-

tering along semantic categories (e.g., office-related

things), whereas action phrases with absent objects did

not. However, when we used action phrases with absent

objects that could be clustered (Experiment 3), the re-

sulting enactment effect was even descriptively reversed

for them. As a sidenote, carrying out actions does not

generally increase semantic clustering (see Steffens,

1999), and enactment effects in free recall have also been

found when there was no difference in clustering between

the enactment and the verbal learning condition (see

Engelkamp & Zimmer, 2001, for a review). In other

words, the typical enactment effect can not be explained

by clustering or relational processing.

Fourth, we ruled out alternative explanations when

we held constant the action phrase and manipulated

whether the object was present during encoding and

retrieval in our Experiment 3. The clear pattern of re-

sults that we found for these action phrases makes ob-

vious the significant role of objects as cues in

constituting the enactment effect in the present experi-

ments.

Reconciling the present view with previous research

If there is a reduced, if not eliminated, enactment

effect for actions involving absent objects, how come

previous research has not indicated it? There are several

reasons for that. First, in a great proportion of studies,

two crucial factors were confounded. In these studies,

action phrases were presented for verbal learning,

whereas the actual objects involved in the performance

of actions were additionally presented and manipulated

by participants in the enactment condition (B€aackman &
Nilsson, 1984, 1991; B€aackman, Nilsson, & Chalom,
1986; Cohen, 1981, 1983; Cohen & Bean, 1983; Cohen

et al., 1987; Dick & Kean, 1989; Karlsson et al., 1989;

Kormi-Nouri, 1995; Nilsson & Craik, 1990; Nilsson,

Nyberg, Kormi-Nouri, & R€oonnlund, 1995; Nyberg,
Nilsson, & B€aackman, 1992; Nyberg & Nilsson, 1995).
In analogy to the picture superiority effect (see e.g.,
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Roediger & Weldon, 1987), an object superiority effect

is to be expected here. The mere presentation of an

object, for example a ball or a book, along with a

verbal label should lead to superior memory perfor-

mance as compared to a verbal learning condition in

which only the word ‘‘ball’’ or ‘‘book’’ is presented (see

Engelkamp & Zimmer, 1996). It is not surprising that

an enactment-plus-object-presentation effect was usu-

ally found in those studies. Data that are well in line

with our argument of an object superiority effect were

presented by Nyberg et al. (1991). There was an �en-
actment effect� in free recall when objects were, one by
one, presented for use in the enactment condition, but

not in the verbal learning condition (Experiment 1a).

When the objects were demonstratively shown, one by

one, in both conditions (Experiment 1b) there was no

�enactment effect.� Thus, the effect these authors re-
ported in their Experiment 1a can be interpreted as a

mere object superiority effect. This is consistent with

our position that, in the wealth of studies cited above,

enactment may or may not have improved free recall

over and above the level attained by object presentation

alone.

The second reason why previous research has not

found a reduced enactment effect in free recall for ac-

tions involving absent objects is that, as far as one can

judge from the material published, most studies have

used lists consisting of both action phrases involving

absent objects and action phrases with objects present

(body parts, context objects). Subgroups of action

phrases were not analyzed during the first years of action

memory research and hardly ever thereafter (but see

Cohen et al., 1987; Kormi-Nouri et al., 1994a; Kormi-

Nouri, Nyberg, & Nilsson, 1994b; Norris & West, 1991;

Nyberg et al., 1991). Combined analyses of all actions

show the typical enactment effect, as the present exper-

iments demonstrate.

Please note that, for clarity of presentation, we have

so far pretended that there is a strict dichotomy between

action phrases for which cues are present and those for

which there are none. This is of course a simplification.

Participants may create idiosyncratic cues, for instance,

a floppy disk may cue a CD (see Discussion of Experi-

ment 3). Moreover, body parts are always involved in

carrying out actions, but we assume they are less effec-

tive cues for phrases like ‘‘throw the ball,’’ where body

parts are only implied, as opposed to ‘‘clap your hands,’’

where body parts are explicitly mentioned. Finally, even

if an experiment is described as involving absent objects

only, it was probably not controlled whether for in-

stance a sweater was present for some participants be-

cause they were wearing one, or whether an action

phrase like ‘‘clean the window’’ was included and there

was a window in the experimental room. In sum, many

previous findings are hard to judge in the light of the

present ones.

There are also some previous action memory findings

which seem to be in conflict with the important role we

ascribe to cues, but they are not. First, enactment has

been found to hinder the integration of context attri-

butes (e.g., Engelkamp & Perrig, 1986; Koriat, Ben Zur,

& Druch, 1991). For instance, ‘‘in the lounge’’ was a

superior retrieval cue if ‘‘smoke the pipe in the lounge’’

was imagined than if it was enacted. This finding is ex-

pected in a framework in which carrying out actions

necessitates a focus on the action phrases. Thus, context

attributes are well-encoded only as far as they are crucial

for carrying out an action (see Steffens, 1999); in other

words, if they are interactive (Baddeley, 1982). Other,

independent, context attributes are largely unattended.

The objects with which actions are carried out definitely

belong to the interactive context factors and enactment

should facilitate their integration. In short, the result

that enactment hinders the integration of independent

context attributes is not in conflict with the present ac-

count.

It may appear to be a second, conflicting finding that

there is an enactment effect when encoding and retrieval

take place in different rooms (Phillips & Kausler, 1992)

or when participants close their eyes during recall (Co-

hen et al., 1987). Even if we assign an important role to

cues, this does not imply that the enactment effect is

eliminated if the context is changed between the en-

coding and the retrieval phase. First, as spelled out in

the Introduction of the present paper, the salience and

association of cues during encoding, not retrieval, is the

crucial difference between enactment and other encod-

ing conditions in the present account. Second, not only

may participants mentally reinstate the study context

during retrieval, but also, in the Phillips and Kausler

study, the cues of half the action phrases were still

present in the retrieval context because these action

phrases comprised body parts. Unfortunately, sub-

groups of action phrases were not analyzed. Third, a

context change need not eliminate the enactment effect

because we are making the case for objects as cues being

one factor contributing to the often superior free recall

in an enactment condition.

Multiple determinants of memory for actions

In more than one way, our own experiments show

that cues are not the only factor that determines the size

of the enactment effect. First, when we showed that

participants in the verbal learning condition can strate-

gically obtain what automatically happens in the en-

actment condition, namely use objects as cues, the

interaction of encoding condition and type of action

phrase disappeared. However, an overall enactment ef-

fect remained. By implication, the processing of partic-

ipants in the enactment condition was superior to that of

participants in the verbal learning condition with regard
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to some other factor(s). Second, when we varied the

encoding condition within subject (Experiment 2), we

found a substantially larger enactment effect than in the

other experiments (also cf. Nyberg & Nilsson, 1995).

This is a typical finding in other areas of memory re-

search, for instance, generation effects (cf. Begg & Roe,

1988; Mulligan, 2001; Schmidt, 1990; Slamecka &

Katsaiti, 1987). Along with others (Steffens, 1999; Stef-

fens & Erdfelder, 1998), these findings show that there

are important similarities between memory for self-per-

formed actions and for self-generated material. There is

a third way in which our experiments show that other

things besides cues determine recall. In Experiment 3,

the enactment effect for body parts seems reduced as

compared to the enactment effect for body parts in the

previous experiments. We suspect that this, again, shows

the role of list composition. When body parts were the

most salient cues because there were no other cues, the

enactment effect was largest for them. When a sub-

stantial number of more salient cues was present, the

enactment effect for body parts was smaller; body parts

may be considered less salient than other cues because

the actors� focus is on the environment, not on their own
person. By implication, there may well be an enactment

effect for action phrases with absent objects in free recall

if no objects with cues are present in the list, even in a

between-subjects design. In fact, there is at least one

experiment in which it is documented that all action

phrases involved absent objects and in which a signifi-

cant enactment effect in free recall was found (Engelk-

amp & Zimmer, 1996). That and other findings—for

instance, enactment effects in recognition tests—show

that the presence of objects as cues is not the only factor

on which action memory performance depends. Enact-

ment also brings about item-specific elaboration of the

verb and object as well as verb–object unitization. Fu-

ture research will determine whether cues increase the

enactment effect for some phrases, suppress that effect

for other phrases, or do both.

To explain superior recall after enactment, a motor

memory code has been postulated (Engelkamp, 1998;

Engelkamp & Zimmer, 1994). One may assume that

according to this view, the enactment effect should be

larger for those phrases that require more movements.

However, it has proven very difficult to change the size

of the enactment effect by such variations as the elabo-

rateness with which actions are carried out (Nilsson &

Cohen, 1988; Nilsson et al., 1995). Further, the specific

movement has been shown to play a minor role for the

probability of remembering a given action phrase (e.g.,

Engelkamp & Zimmer, 1995; Knopf & Neidhardt,

1989). We thus took no precautions to control for the

amount of motor information that a specific type of

action phrase supplied, except for avoiding tactile con-

tact with the objects in Experiment 3 by putting them

just out of reach. We therefore cannot see how carrying

out the same action phrases could have provided sig-

nificantly more motor information if the objects are

present than if they are not. If carrying out actions had

supplied a motor code which increased recall probabil-

ity, an enactment effect should have emerged both for

action phrases involving present objects and for those

involving absent objects. Thus, the present pattern of

data is not easily explained with a memory-relevant

motor code. We currently see no way to empirically

falsify the assumption that a motor code, in interaction

with other factors, plays some role in remembering ac-

tions. However, fine-grained analyses that show differ-

ent-size enactment effects for different types of action

phrases (or different list parts, see below) make a general

motor code become less likely or less important.

As has recently been suggested, pop-out into memory

is a phenomenon enhanced if actions have been per-

formed (Zimmer et al., 2000). As the term illustrates, a

proportion of the items seem to be remembered spon-

taneously. This proportion seems to be increased after

enactment. Zimmer et al. speculate that the activated

features of the concepts are bound together during en-

coding and form an engram. If this engram is sufficiently

active, it spontaneously pops out. Possibly, pop-out is

guided by retrieval cues such as those investigated here—

not necessarily accompanied by participants� awareness
concerning the path to remembering a given action. In

line with this and other recent analyses of memory for

actions (e.g., Nilsson, 2000), but in contrast to early

action memory research (Cohen, 1981), our findings

strengthen the notion that differences between memory

for actions and for verbal materials are quantitative,

rather than qualitative, in nature.

Acknowledgments

We thank Claudia Decker, Julia Lichau, Silvia

Mecklenbr€aauker, Yvonne Still, and Erin Marie

Thompson for valuable comments on an earlier draft of

this paper, and Nicole Arendt, Sandra Born, Claudia

Decker, Stefanie D€oorr, Kathrine Nielsen, Claudia Plank,
Karin Pohl, Fred Ranner, Ina Rauch, Joachim Rebele,

Tina Reicherter, Kornelia Scherzl, and Kirsten Tegt-

meyer for their help with regard to planning and running

the experiments.

Appendix A. Action phrases with body parts

Experiment 1a

die Nase kratzen (scratch your nose), die Augen reiben (rub

your eyes), in die Wange kneifen (pinch your cheek), in die

H€aande klatschen (clap your hands), die Haare k€aammen (comb

your hair), den Kopf sch€uutteln (shake your head), die Z€aahne
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putzen (brush your teeth), das Gesicht eincremen (put creme on

your face), mit den Fingern schnipsen (snap your fingers).

Experiment 1b

auf die Schenkel klopfen (pat your thighs), die Augen zu-

halten (cover your eyes), die Beine strecken (stretch out your

legs), den Hals umgreifen (put your hands around your throat),

das Ohrl€aappchen dr€uucken (squeeze your ear lob), die Nase
r€uumpfen (wrinkle your nose), das Kinn kratzen (scratch your

chin), die Knie anheben (lift your knees), die Zunge rausstrec-

ken (stick out your tongue), die H€aande falten (fold your hands),
die Lippen nachmalen (refresh your lipstick), die F€uu�e kreisen

(draw circles in the air with your feet), €uuber die Schulter gucken

(look over your shoulder), mit dem Kopf nicken (nod), in die

H€uufte kneifen (pinch your hip), durch die Haare streichen
(move your fingers through your hair), den Bauch t€aatscheln (pat

your tummy).

Experiment 2

den Arm hochheben (lift your arm), mit den Fingern sch-

nippen (snap your fingers), an den Haaren ziehen (pull your

hair), das Kinn kraulen (rub your chin), den Kopf sch€uutteln

(shake your head), die Augen reiben (rub your eyes), den Bauch

t€aatscheln (pat your tummy), das Bein strecken (straighten your

leg), die H€aande falten (fold your hands), an das Ohr fassen

(touch your ear).

Experiment 3

auf die Schulter klopfen (pat your shoulder), mit den

Fingern schnippen (snap your fingers), den Kopf sch€uutteln

(shake your head), die Augen reiben (rub your eyes), €uuber den
Bauch streichen (stroke your tummy), das Bein strecken

(straighten your leg), die H€aande falten (fold your hands).

Action phrases with absent objects

Experiment 1a

den Hut aufsetzen (put on the hat), die Geige spielen (play

the violin), das Lasso werfen (throw the lasso), die Jacke an-

ziehen (put on the jacket), auf den Stuhl klopfen (knock on the

chair), auf den Boden stampfen (stomp on the floor), den Si-

cherheitsgurt anlegen (put on the seat belt), aus dem Glas

trinken (drink out of the glass), in dem Buch bl€aattern (leaf
through the book), das Brot schmieren (prepare a sandwich),

die Kerze ausblasen (blow out the candle), das Hemd zu-

sammenlegen (fold the shirt), den Ast abs€aagen (saw off the
branch), die Flasche entkorken (uncork the bottle), die W€aasche

aufh€aangen (hang up the wash), den Umschlag frankieren (put

the stamp on the envelope), die Zigarette anz€uunden (light the

cigarette), den Zaun streichen (paint the fence), die Hose

b€uugeln (iron the trousers), das Pferd reiten (ride the horse), die

Fahne schwenken (wave the flag), das Orchester dirigieren

(conduct the orchestra), den Regenschirm €ooffnen (open the

umbrella), die Banane sch€aalen (peel the banana), die B€aalle

jonglieren (juggle with the balls), den Stock durchbrechen

(break the stick).

Experiment 1b

die Blumen gie�en (water the flowers), den Pfeil abschie�en

(shoot the arrow), die Schublade €ooffnen (open the drawer), den
Bleistift anspitzen (sharpen the pencil), die Uhr stellen (set the

clock), den Hund streicheln (pet the dog), den Stecker raus-

ziehen (unplug the plug), den Brei umr€uuhren (stir the porridge),
das Paket aufrei�en (tear open the parcel), auf dem Klavier

spielen (play the piano), den Brotteig kneten (knead the

dough), das Auto lenken (drive the car), das Fenster schlie�en

(close the window), die Vorh€aange aufh€aangen (hang up the
curtains), die Pl€aatzchen ausstechen (cut out the cookies), den

Teppich ausklopfen (beat the carpet), den Spiegel putzen (clean

the mirror).

Experiment 2

den Ast abs€aagen (saw off the branch), mit B€aallen jongli-

eren (juggle with the balls), das Brot schmieren (butter the

bread), das Kissen aussch€uutteln (fluff up the pillow), das Paket
aufrei�en (tear open the parcel), Geige spielen (play the vio-

lin), das Hemd zusammenlegen (fold the shirt), den Nagel

einschlagen (pound in the nail), den Sicherheitsgurt anlegen

(put on the seatbelt), den Stock durchbrechen (break the

stick).

Experiment 3

das Brot schmieren (prepare a sandwich), die Flasche ent-

korken (uncork the bottle), die Banane sch€aalen (peel the ba-

nana), den Brei umr€uuhren (stir the porridge), die Pl€aatzchen
ausstechen (cut out the cookies), die M€oohre essen (eat the

carrot), den Saft trinken (drink the juice).

Action phrases consisting of verbs only (Experiment 2)

bl€aattern (leaf), r€uuhren (mix), winken (wave), zappeln (fid-
get), zudr€uucken (push closed), g€aahnen (yawn), graben (dig),

lenken (steer), schneiden (cut), verknoten (knot).

Action phrases with objects in the experimental context

Experiment 2

auf den Boden stampfen (stomp on the floor), in die Luft

zeichnen (draw in the air), die Maus bewegen (move the mouse),

mit dem Stuhl schaukeln (rock on your chair), die Trennwand

kratzen (scrape the partition), dem Bild zunicken (nod at the

picture), den Computer ber€uuhren (touch the computer), aus

dem Fenster schauen (look out the window), auf den Tisch
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klopfen (knock on the table), auf die T€uur zeigen (point to the

door).

Experiment 3

auf die T€uure zeigen (point to the door), an die Decke

schauen (look at the ceiling), auf den Tisch klopfen (knock on

the table), die Trennwand ber€uuhren (touch the partition), den

Schrank €ooffnen (open the cabinet), auf den Boden stampfen
(stomp on the floor).

Action phrases where the presence of objects was manipulated

(Experiment 3)

den Bildschirm einschalten (turn on the computer screen),

das Mousepad s€aaubern (clean the mouse pad), das Blatt
zerkn€uullen (wad up the piece of paper), die Schreibtischlampe

heranziehen (pull the desk light towards you), den Kopfh€oorer

aufsetzen (put on the earphones), den Kaffeebecher aussp€uulen

(wash out the coffee mug), den Papierkorb umsto�en (knock
over the waste paper basket), die Diskette einschieben (put in

the floppy disk), die Schreibunterlage abwischen (wipe off the

blotting pad), den Bleistift anspitzen (sharpen the pencil), das

Bild gerade r€uucken (straighten the picture), das Mikrophon

einst€oopseln (plug in the microphone), die Uhr stellen (set the

clock), den Pappkarton treten (kick the cardboard box), die CD

einlegen (put in the CD).

References

B€aackman, L., & Nilsson, L. G. (1984). Aging effects in free

recall: An exception to the rule. Human Learning, 3, 53–

69.

B€aackman, L., & Nilsson, L. G. (1991). Effects of divided
attention on free and cued recall of verbal events and action

events. Bulletin of the Psychonomic Society, 29, 51–54.

B€aackman, L., Nilsson, L. G., & Chalom, D. (1986). New
evidence on the nature of the encoding of action events.

Memory & Cognition, 14, 339–346.

Baddeley, A. D. (1982). Domains of recollection. Psychological

Review, 89, 708–729.

Baddeley, A. D. (1997). Human memory: Theory and practice.

Hillsdale, NJ: Lawrence Erlbaum.

Begg, I., & Roe, H. (1988). On the inhibition of reading by

generating. Canadian Journal of Psychology, 42, 325–336.

Brooks, B. M., & Gardiner, J. M. (1994). Age differences in

memory for prospective compared with retrospective sub-

ject-performed tasks. Memory & Cognition, 22, 27–33.

Buchner, A., Faul, F., & Erdfelder, E. (1996). G�Power: A
priori, post-hoc, and compromise power analyses for the

Macintosh (Version 2.1.1). Trier: University of Trier.

Available: http://www.psycho.uni-duesseldorf.de/aap/pro-

jects/gpower/index.html.

Cohen, J. (1977). Statistical power analysis for the behavioral

sciences (revised ed.). Hillsdale, NJ: Lawrence Erlbaum.

Cohen, R. L. (1981). On the generality of some memory laws.

Scandinavian Journal of Psychology, 22, 267–281.

Cohen, R. L. (1983). The effect of encoding variables on the free

recall of words and action events.Memory & Cognition, 11,

575–582.

Cohen, R. L. (1984). Individual differences in event memory: A

case for nonstrategic factors.Memory & Cognition, 12, 633–

641.

Cohen, R. L., & Bean, G. (1983). Memory in educable mentally

retarded adults: Deficit in subject or experimenter? Intelli-

gence, 7, 287–298.

Cohen, R. L., Peterson, M., & Mantini Atkinson, T. (1987).

Interevent differences in event memory: Why are some

events more recallable than others? Memory & Cognition,

15, 109–118.

Dick, M. B., & Kean, M. L. (1989). Memory for action events

in Alzheimer-type dementia: Further evidence of an encod-

ing failure. Brain and Cognition, 9, 71–87.

Earles, J. L. (1996). Adult age differences in recall of performed

and nonperformed items. Psychology and Aging, 11, 638–

648.

Eich, E. (1985). Context, memory, and integrated item/context

imagery. Journal of Experimental Psychology: Learning,

Memory, and Cognition, 11, 764–770.

Einstein, G. O., & Hunt, R. R. (1980). Levels of processing and

organization: Additive effects of individual-item and rela-

tional processing. Journal of Experimental Psychology:

Human Learning and Memory, 6, 588–598.

Engelkamp, J. (1991). Memory of action events: Some impli-

cations for memory theory and for imagery. In C. Cornoldi

& M. A. McDaniel (Eds.), Imagery and cognition (pp. 183–

219). New York: Springer.

Engelkamp, J. (1998). Memory for actions. Hove, UK: Psy-

chology Press.

Engelkamp, J., & Perrig, W. (1986). Differential effects of

imaginal and motor encoding on the recall of action

phrases. Archiv f€uur Psychologie, 138, 261–272.
Engelkamp, J., & Zimmer, H. (2001). Categorical and order

information in free recall of action phrases. Psychologica,

22, 71–96.

Engelkamp, J., & Zimmer, H. D. (1994). The human memory. A

multi-modal approach. Seattle: Hogrefe & Huber.

Engelkamp, J., & Zimmer, H. D. (1995). Similarity of move-

ment in recognition of self-performed tasks and of verbal

tasks. British Journal of Psychology, 86, 241–252.

Engelkamp, J., & Zimmer, H. D. (1996). Organisation

and recall in verbal tasks and in subject-performed

tasks. European Journal of Cognitive Psychology, 8, 257–

273.

Graf, P., & Schacter, D. L. (1989). Unitization and grouping

mediate dissociations in memory for new associations.

Journal of Experimental Psychology: Learning, Memory,

and Cognition, 15, 930–940.

Helstrup, T. (1989). Memory for performed and imaged noun

pairs and verb pairs. Psychological Research, 50, 237–240.

Hunt, R. R., & Einstein, G. O. (1981). Relational and item-

specific information in memory. Journal of Verbal Learning

and Verbal Behavior, 20, 497–514.

Hunt, R. R., & McDaniel, M. A. (1993). The enigma of

organization and distinctiveness. Journal of Memory and

Language, 32, 421–445.

Karlsson, T., B€aackman, L., Herlitz, A., Nilsson, L. G.,
Winblad, B., & €OOsterlind, P.-O. (1989). Memory improve-

M.C. Steffens et al. / Journal of Memory and Language 48 (2003) 399–415 413

http://www.psycho.uni-duesseldorf.de/aap/projects/gpower/index.html
http://www.psycho.uni-duesseldorf.de/aap/projects/gpower/index.html


ment at different stages of Alzheimer�s disease. Neuropsych-
ologia, 27, 737–742.

Kausler, D. H., & Hakami, M. K. (1983). Memory for

activities: Adult age differences and intentionality. Develop-

mental Psychology, 19, 889–894.

Knopf, M. (1995). Memory for action events: Structure and

development in adulthood. In F. E. Weinert & W. Schneider

(Eds.), Memory performance and competencies. Issues in

growth and development (pp. 127–138). Mahwah, NJ:

Erlbaum.

Knopf, M., & Neidhardt, E. (1989). Aging and memory for

action events: The role of familiarity. Developmental

Psychology, 25, 780–786.

Koriat, A., Ben Zur, H., & Druch, A. (1991). The contextu-

alization of input and output events in memory. Psycho-

logical Research, 53, 260–270.

Kormi-Nouri, R. (1995). The nature of memory for action

events: An episodic integration view. European Journal of

Cognitive Psychology, 7, 337–363.

Kormi-Nouri, R., & Nilsson, L.-G. (1998). The role of

integration in recognition failure and action memory.

Memory & Cognition, 26, 681–691.

Kormi-Nouri, R., Nilsson, L. G., & B€aackman, L. (1994a). The
dual-conception view reexamined: Attentional demands and

the encoding of verbal and physical information in action

events. Psychological Research, 57, 42–46.

Kormi-Nouri, R., Nyberg, L., & Nilsson, L. G. (1994b).

The effect of retrieval enactment on recall of subject-

performed tasks and verbal tasks. Memory & Cognition,

22, 723–728.

Mulligan, N. W. (2001). Generation and hypermnesia. Journal

of Experimental Psychology: Learning, Memory, and Cog-

nition, 27, 436–450.

Nilsson, L.-G., & Cohen, R. L. (1988). Enrichment and

generation in the recall of enacted and non-enacted

instructions. In M. M. Gruneberg, P. E. Morris, & R. N.

Sykes (Eds.), Memory in everyday life (Vol. 1, Practical

aspects of memory: Current research and issues pp. 427–432).

New York: Wiley.

Nilsson, L.-G., & Craik, F. I. M. (1990). Additive

and interactive effects in memory for subject-performed

tasks. European Journal of Cognitive Psychology, 2, 305–

324.

Nilsson, L.-G., Nyberg, L., Kormi-Nouri, R., & R€oonnlund, M.

(1995). Dissociative effects of elaboration on memory of

enacted and non-enacted events: A case of a negative effect.

Scandinavian Journal of Psychology, 36, 225–231.

Nilsson, L. G. (2000). Remembering actions and words. In E.

Tulving & F. I. M. Craik (Eds.), The Oxford handbook

of memory (pp. 137–148). Oxford: Oxford University

Press.

Norris, M. P., & West, R. L. (1990). Adult age differences in

activity memory: Cue and strategy utilization. In T. M. Hess

(Ed.), Aging and cognition: Knowledge organization and

utilization (pp. 1–31). North-Holland: Elsevier.

Norris, M. P., & West, R. L. (1991). Age differences in the recall

of actions and cognitive activities: The effects of presentation

rate and object cues. Psychological Research, 53, 188–194.

Nyberg, L., Nilsson, L.-G., & B€aackman, L. (1991). A compo-

nent analysis of action events. Psychological Research, 53,

219–225.

Nyberg, L., Nilsson, L.-G., & B€aackman, L. (1992). Recall of
actions, sentences, and nouns: Influences of adult age and

passage of time. Acta Psychologica, 79, 245–254.

Nyberg, L., & Nilsson, L. G. (1995). The role of enactment in

implicit and explicit memory. Psychological Research, 57,

215–219.

Perrig, W. J. (1988). On the distinction of memory codes: Image

versus motor encoding. In M. Denis, J. Engelkamp, & J. T.

E. Richardson (Eds.), Cognitive and neuropsychological

approaches to mental imagery. NATO ASI series. Series D,

Behavioural and social sciences, No. 42 (pp. 307–316).

Dordrecht: Martinus Nijhoff.

Phillips, P. L., & Kausler, D. H. (1992). Variation in external

context and adult age differences in action memory.

Experimental Aging Research, 18, 41–44.

Reddy, B. G., & Bellezza, F. S. (1983). Encoding specificity in

free recall. Journal of Experimental Psychology: Learning,

Memory, and Cognition, 9, 167–174.

Roediger, H. L., & Weldon, M. S. (1987). Reversing the picture

superiority effect. In M. A. McDaniel & M. Pressley (Eds.),

Imagery and related mnemonic processes. Theories, individual

differences, and applications. New York: Springer.

Rogers, T. B. (1981). A model of the self as an aspect of the

human information processing system. In N. Cantor & J. F.

Kihlstrom (Eds.), Personality, cognition, and social interac-

tion (pp. 193–214). Hillsdale, NJ: Lawrence Erlbaum.

Rogers, T. B., Kuiper, N. A., & Kirker, W. S. (1977). Self-

reference and the encoding of personal information. Journal

of Personality and Social Psychology, 35, 677–688.

Saltz, E., & Donnenwerth-Nolan, S. (1981). Does motoric

imagery facilitate memory for sentences? A selective inter-

ference test. Journal of Verbal Learning and Verbal Behavior,

20, 322–332.

Schmidt, S. R. (1990). A test of resource-allocation explana-

tions of the generation effect. Bulletin of the Psychonomic

Society, 28, 93–96.

Slamecka, N. J., & Graf, P. (1978). The generation effect:

Delineation of a phenomenon. Journal of Experimen-

tal Psychology: Human Learning and Memory, 4, 592–

604.

Slamecka, N. J., & Katsaiti, L. T. (1987). The generation effect

as an artifact of selective displaced rehearsal. Journal of

Memory and Language, 26, 589–607.

Smith, S. M., & Vela, E. (2001). Environmental context-

dependent memory: A review and meta-analysis. Psycho-

nomic Bulletin & Review, 8, 203–220.

Steffens, M. C. (1998). Das Ged€aachtnis f€uur ausgef€uuhrte Handl-
ungen [Memory of performed actions]. Lengerich, Germany:

Pabst.

Steffens, M. C. (1999). The role of relational processing in

memory for actions: A negative enactment effect in free

recall. The Quarterly Journal of Experimental Psychology A,

52, 877–903.

Steffens, M. C., & Erdfelder, E. (1998). Determinants of positive

and negative generation effects in free recall. The Quarterly

Journal of Experimental Psychology, 51A, 705–733.

Tulving, E. (1983). Elements of episodic memory. Oxford:

Oxford University Press.

Winnick, W. A., & Daniel, S. A. (1970). Two kinds of response

priming in tachistoscopic recognition. Journal of Experi-

mental Psychology, 84, 74–81.

414 M.C. Steffens et al. / Journal of Memory and Language 48 (2003) 399–415



Wippich, W., & Mecklenbr€aauker, S. (1995). Implicit memory
for textual materials. Psychological Research, 57, 131–141.

Zimmer, H. D., & Engelkamp, J. (1999). Levels-of-processing

effects in subject-performed tasks.Memory & Cognition, 27,

907–914.

Zimmer, H. D., Helstrup, T., & Engelkamp, J. (2000). Pop-out

into memory: A retrieval mechanism that is enhanced with

the recall of subject-performed tasks. Journal of Experimen-

tal Psychology: Learning, Memory, and Cognition, 26, 658–

670.

M.C. Steffens et al. / Journal of Memory and Language 48 (2003) 399–415 415


	Quite ordinary retrieval cues may determine free recall of actions
	The role of objects during the encoding and retrieval of actions
	Experiments 1a and b
	Method
	Participants
	Materials
	Procedure
	Design

	Results
	Experiment 1a
	Experiment 1b

	Discussion

	Experiment 2
	Method
	Participants
	Materials
	Procedure
	Design

	Results
	Discussion

	Experiment 3
	Method
	Participants
	Materials
	Procedure
	Design

	Results
	Discussion

	General discussion
	Excluded alternative explanations to the cue salience hypothesis
	Reconciling the present view with previous research
	Multiple determinants of memory for actions

	Acknowledgements
	Action phrases with body parts
	Experiment 1a
	Experiment 1b
	Experiment 2
	Experiment 3
	References


