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Humans exhibit enhanced memory performance when information is encoded by
physically enacting it, as opposed to passively reading or hearing the same information;
an effect referred to as “enactment effect.” The present study explored the effects of
language (native vs. non-native) and semantic repetition (repeated vs. non-repeated)
on the enactment effect in action memory. Forty-eight subjects learned action phrases
either by enacting or by reading the items. Results showed (i) better memory for enacted
phrases, (i) better memory for non-native repeated phrases that were only read, (i) no
difference in memory between repeated and non-repeated phrases that were enacted,
and (iv) that semantic repetition affected memory of phrases that were read but not of
those that were enacted. Partly in line with the multimodal theory, findings support that
enacting action phrases can enhance item-specific processing and that this is insensitive
to cognitive strategies like semantic repetition.

Keywords: enactment effect, action memory, semantic, language, multimodal theory

INTRODUCTION

For over 30 years, an active line of studies has investigated the enactment effect, a well-established
effect indexed by enhanced memory performance for enacted learning compared to verbal learning
(for a review, see Engelkamp, 1998; Nilsson, 2000). In a typical action memory study, subjects are
asked to learn a set of action phrases consisting of a simple combination of verbs and objects
like, “peel the banana,” or “click the mouse.” These action phrases can be learned in two main
conditions: in the subject-performed task condition (SPT), subjects are required to read and enact
the action phrases, whereas in the verbal task condition (VT) subjects have to read the phrases
without enacting them. Subjects typically recall more phrases that they have also enacted compared
to those they have only read. The enactment effect represents a robust phenomenon, as it has been
observed in a large number of studies across various encoding-, recall-, and recognition-conditions
(e.g., Engelkamp and Krumnacker, 1980; Cohen, 1981, 1989; Saltz and Donnenwerth-Nolan, 1981;
Bickman et al., 1986; Engelkamp and Zimmer, 1994; Engelkamp et al., 1994; Schatz et al., 2011;
Steffens et al., 2015; Zhao et al., 2016; Badinlou et al., 2017, 2018a,b; Hainselin et al., 2017; Li
et al,, 2017; Wammes et al,, 2017; Yu and Wang, 2017; Borg et al., 2018; Li and Wang, 2018; Liu
and Wang, 2018). Interestingly, studies found that enactment can also enhance learning foreign
languages (see also Macedonia and von Kriegstein, 2012) and can thereby facilitate the process of
language acquisition (for reviews, see Taleghani-Nikazm, 2008).
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Despite the fact that researchers in the field firmly
acknowledge the enactment effect, they fail to agree on the
mechanisms behind the phenomenon. On one side, the dual-
code theory suggests that by reading or hearing a phrase it is
only represented linguistically, but that by enacting a phrase,
the corresponding representation is created both motorically
and linguistically, which ultimately leads to the recall advantage
(e.g., Engelkamp and Zimmer, 1985; Zimmer and Engelkamp,
1985; Cohen, 1989; Foley and Ratner, 2001; Zimmer et al.,
2001). The multimodal theory can be seen as an extension of
the dual-code theory (Zimmer et al., 2001; Knopf et al., 2005).
It declares motor encoding as the key factor of the enactment
effect: in addition to verbal encoding and visual encoding the
motoric encoding would provide a fundamental advantage to
memory performance after encoding by enactment, because it
activates (and later reactivates) information stored in the motor
system (Engelkamp and Zimmer, 1984; Zimmer et al., 2001;
Iani and Bucciarelli, 2018).

Although multimodal theory focus on the advantage of
deploying the motor system, the specific role played by the
motor system in the enactment effect is a topic of ongoing
discussion (Helstrup, 1987, 2005; Engelkamp, 2001; Nilsson and
Kormi-Nouri, 2001). Certain studies provide evidence against the
assumption of a key role of the motor system in the enactment
effect (see Kormi-Nouri and Nilsson, 2001; Knopf et al., 2005).
Alternatively, opposing theories suggest that there is no motor
system signal supporting the enactment effect. Instead, action
memory would be facilitated by conceptual processes (Zimmer
et al., 2001). More specifically, the episodic integration theory
postulates that action memory is facilitated by integrating the
action (e.g., “to peel”) and the item (e.g., “the banana”) into a
single information unit or into two closely related units (Kormi-
nouri, 1995; Kormi-Nouri and Nilsson, 1998, 2001; Feyereisen,
2009). In addition to item-specific information (e.g., the specific
color and form and shape of a banana), enactment would also
activate relational information (i.e., encoding similarities among
a class of phrases). Further, enactment would improve memory
performance because of the high level of self-involvement,
promoting integration not only within and between items (i.e.,
previously acquired general knowledge of the relation between
verbs and nouns or between action phrases), but also between the
subject (i.e., the rememberer) and the environment (i.e., the task
of having to enact the phrase; Kormi-nouri, 1995; Kormi-Nouri
and Nilsson, 1998; Zimmer et al., 2001; Hainselin et al., 2014).

In view of these opposing theoretical models, how can one
investigate the mechanisms that underlie the enactment effect?
One possibility is to investigate different factors that may affect
the enactment effect (Feyereisen, 2009). For that purpose, prior
research has traditionally focused on the motor information (e.g.,
Engelkamp, 2001; Russ et al, 2003; von Essen and Nilsson,
2003; Knopf et al., 2005) or on the action representations of
the enactment effect (see, e.g., Kormi-nouri, 1995; Masumoto
et al., 2006; Spranger et al., 2008). However, a growing number
of studies show that, beside the action representations and the
motor information, different linguistic properties of the phrases
that have to be learned can also influence the effect. For instance, a
line of studies investigated the role of semantic integration, which

designates the semantic association between verb and noun in the
action phrases. Typically, in these studies, memory performance
on well-integrated phrases like “read the book” (high semantic
association between verb and noun) is compared with poorly
integrated phrases like “push the cup” (low semantic association)
in SPT or VT conditions (e.g., Badinlou et al., 2018a). Results
show that in both types of phrases performance is higher in SPT
compared to VT condition, but also that well-integrated phrases
are better recalled in both VT and SPT condition (Kormi-nouri,
1995; Kormi-Nouri and Nilsson, 1998; Kormi-Nouri et al., 2003;
Badinlou et al., 2018a,b).

Although this demonstrates that linguistic properties such
as the semantic integration of an action phrase can influence
the enactment effect, the influence of potential other linguistic
properties has to be explored. For example, Eysenck and
Keane (1995) have conceptualized how language is represented
in memory. They postulate that language representations can
be distinguished into external representations (e.g., different
languages, words or sentences) and internal representations (e.g.,
semantic properties, concepts). Based on this distinction, the
current study set out to investigate how two of these linguistic
properties and their interaction will influence the enactment
effect. Specifically, we aimed to investigate the effects of external
and internal language representation on the enactment effect (i)
by examining memory of phrases in native versus in non-native
language, and (ii) by examining memory of semantically repeated
versus non-repeated phrases.

In detail, regarding external language representations, the
effectiveness of the paradigm makes it a great tool to investigate
the beneficial effects of action memory in learning foreign
languages (see also Macedonia and von Kriegstein, 2012).
Generally, the findings from previous studies reveal that the use
of gestures to encode new information facilitates and enhances
the process of language acquisition (for a review see, Taleghani-
Nikazm, 2008) as well as verbal memory (e.g., Zimmer et al,
2001). This effect was replicated in various languages such as
German (Engelkamp and Krumnacker, 1980; Kronke et al., 2013),
Italian (Cutica et al., 2014; Iani and Bucciarelli, 2017; Iani and
Bucciarelli, 2018; Iani et al., 2018), Chinese (Li et al., 2017; Liu and
Wang, 2018), and English (Schwartz and Plass, 2014). However,
the aforementioned studies focused on one language at a time
and were not designed to test the effect of different languages in
the same study. Therefore, the current study first will examine
whether and how the enactment effect interacts with different
linguistics modalities by comparing native versus non-native
phrases in a single study. This is conceptually important, because
it allows examining whether the enactment effect is biased when
using native versus non-native languages in international studies.
If language would affect the enactment effect, the reliability of
previous research results would have to be interpreted cautiously,
whereas this were less the case if there are no differences between
native and non-native languages.

Our second goal concerns the effect of semantic repetition on
the enactment effect of different languages. In studies examining
memory and learning, “repetition” typically refers to treating
a particular item two times in exactly the same modality (e.g.,
encoding the English phrase “open the door” two times during
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the learning phase). In contrast, with “semantic repetition” we
designate treating an item and its semantic equivalent in a
different modality (e.g., encoding the English phrase “open the
door” as well as its Chinese translation “#117). Two arguments
suggest that semantic repetition could influence the enactment
effect. On the one hand, the completion of an action requires
semantic understanding, thus deeming semantic processing a
prerequisite for action execution (Kausler and Hakami, 1983;
Helstrup, 1989; Wippich and Mecklenbrauker, 1995; Steffens
et al, 2003). For example, when reading the phrase “open
the book,” subjects must first understand the meaning of this
phrase and then perform the corresponding action. Studies show
that compared to simply reading phrases when having to learn
them, semantically “treating” information enhances memory
(e.g., Zimmer and Engelkamp, 1999).

On the other hand, studies also show performance
improvements  following learning  repetition.  Studies
investigating repeated learning in SPT showed improved
memory performance, likely as a result of enhanced item-specific
processing (Schatz et al., 2010, 2011; Kubik et al., 2014a,b). Thus,
to combine the enhancing roles of deeper semantic treatment
and repetition, the present study aimed to explore the effect of
semantic repetition. If semantic repetition proved to enhance
memory performance, this would importantly contribute to the
previous literature as it suggests that it is not the mere repetition
of an item, but that it is the deeper processing (i.e., the semantic
processing) that has an enhancing effect.

Further, manipulating repetition may provide additional
evidence to support or contradict the opposing theories
explaining the mechanisms of the enactment effect. If the
performance of SPT learning was not affected by semantic
repetition, this would speak in favor of the multimodal
theory, suggesting that additionally encoding phrases via the
motor system would be the key factor leading to enhanced
performance whereas other factors (such as semantic processing
and repetition) would not contribute to the effect above and
beyond motor encoding. In contrast, if the performance of SPT
learning was affected by semantic repetition, this would speak
in favor of the episodic integration theory, as it would suggest
that beyond the enhancing effect of motorically encoding the
items, semantically repeating these items would have an additive
effect, by re-activating relational information between phrases in
conceptual processing.

Finally, while internal representations (e.g., semantic
processing) have been shown to interact with the enactment
effect, there is no record of studies that combined the effect
of semantic changes with external language properties. The
present study will fill this gap in the literature by asking the
question as to how the enactment effect is associated with the
interplay between external and internal language representations,
namely language (native vs. non-native) and semantic repetition
(repeated vs. non-repeated).

Taken together, for the present study followed four research
goals. First, we expected to replicate the enactment effect by
finding superior memory performance for the SPT compared
to the VT condition. Second, we aimed to examine whether
there were differences in performance between the native

versus non-native phrases. Third, we further expected that
semantic repetition would lead to superior memory performance
(compared to non-repeated phrases). Fourth, we aimed to
examine potential interactions between language, semantic
repetition, and enactment, which would provide further insight
into the different theories explaining the mechanisms of the
enactment effect.

MATERIALS AND METHODS

Participants

Based on previous studies (e.g., Zimmer and Engelkamp, 1999),
a power analysis performed using G*Power revealed a minimal
sample size of N = 44. To allow for potential exclusions, we
recruited 48 undergraduate students from Northeast Normal
University to take party in the current study. All 48 participants
(27 males and 21 females; age: M = 23.46 years, SD = 1.53) met
inclusion criteria and thus were included in subsequent analyses.
Each participant received 15 Yuan RMB (~2.30 USD) for their
participation. All participants spoke Chinese as their native
language and were proficient users of English as their non-native
language (~13 years of practice). None of the participants had
previous experience in the current (or similar) experiment. All
participants had normal or corrected-to-normal vision and had
no history of neurological, psychological, or any other chronic
illnesses. All participants gave written informed consent prior to
their participation.

Design

The present study adopted a 2 x 2 x 2 mixed design, with the
type of encoding (SPT vs. VT) as between-subject factor, and
with language (native vs. non-native) and semantic repetition
(repeated vs. non-repeated) as within-subject factors. In the SPT
condition, participants were required to read and to perform 48
action phrases, whereas, in the VT condition participants only
had to read these phrases. In both conditions, subjects learned
half (24) of the phrases in their native language (i.e., Chinese) and
half of the phrases in a non-native language (i.e., English). For the
manipulation of semantic repetition, 12 phrases in each language
were cross-matched with their identical semantic counterpart
in the other language (semantic repetition), for example, the
phrase “open the door” in English was matched with its Chinese
semantic equivalent “//11.” The remaining 12 phrases in each
language had unique semantics meanings that did not match
across language (non-repetition). All phrases were presented
in random order.

Material

We used a total of 24 Chinese phrases and 24 English phrases. The
Chinese phrases consisted of 2-4 Chinese characters, whereas
the English phrases consisted of 3-4 words. Note that, the
English phrases selected for the purpose of the study were easy
to understand (i.e., open the door, click the mouse, or eat the
apple.). To select these phrases, we asked 12 Chinese students of
English as a foreign language to translate 100 phrases. Six students
translated Chinese phrases to English, and six students translated
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English phrases to Chinese (the translation students did not
participate in the formal experiment). At the end of this exercise,
two groups of phrases with identical English-Chinese translations
were selected to be used in the experiment. The recognition test
included 96 action phrases, of which 48 had already been seen
by participants during the experiment. The remaining 48 phrases
were completely new and were used as interference stimuli in the
recognition test. Half of the phrases in the recognition test were
presented in Chinese, and the other half presented in English.

Procedure

The experiment was programmed in E-prime 2.0 and was
presented on a computer screen. All participants were instructed
to learn and memorize the action phrases either by reading and
enacting (SPT condition) or by only reading the action phrases
(VT condition). Once participants understood the instructions,
they started the learning phase. Each trial in the learning phase
consisted of a randomly selected phrase that was presented for
8 s. Note that each phrase was only presented once per language
(but could be repeated in the other language for the semantic
repetition phrases). The 12 phrases that were semantically
repeated were counterbalanced so that six phrases were first
presented in English and six first in Chinese. At the end of the
learning phase, the participants were given a 5-min distraction
task which required them to solve a series of mathematical
problems. Then, participants took part in a recognition task,
where they responded to whether they recognized any of the
given phrases as being previously presented in the learning phase.
If a phrase was recognized, the participant had to press the “F”
keyboard key. If they felt they had never seen the phrase during
the experiment they had to press the keyboard key “J.” Following
each keypress, the next phrase was presented. The participants
were asked to respond as fast and as accurately as possible. The
experiment lasted approximately 15 min (learning phase = 48
trials, ~5 min; distraction task = ~5 min; recognition task = 96
trials, ~5 min).

Memory Scores

The recognition test consisted of a discrimination task, where
participants had to respond whether they recognized a given
phrase as belonging to the experimental session, or if the phrase
was being presented for the first time. This method was selected
to avoid any score difference caused by spelling errors in case
the participants had to perform free recall or follow cue recall.
The recognition scores were analyzed using the d-prime (d’)
measure, a parametric measure sensitive to item discrimination
(see formula below). In this equation, H represents the hit rate
(the proportion of old items participants correctly identified as
“old”), and FA represents the false alarm rate (the proportion of
new actions participants incorrectly identified as “old”).

d = z(H) — z(FA)

Three d’ scores were calculated using separated hit rates
based on the proportion of Chinese semantic-repeated phrases
correctly recognized, the proportion of English semantic-
repeated phrases correctly recognized, the proportion of Chinese

semantic non-repeated phrases correctly recognized, and the
proportion of English semantic non-repeated phrases correctly
recognized. A single false alarm rate was used to calculate all four
d’ scores since false alarm rates were derived from performance
on distractor items, which by definition did not belong to any of
the categories aforementioned.

RESULTS

Figure 1 depicts means and standard errors of memory
performance, separated per condition, language and semantic
repetition. To analyze the effects of encoding type, language and
the semantic repetition on memory performance, a 2 (type of
encoding: SPT vs. VT) x 2 (language: Chinese vs. English) x 2
(semantic repetition: repeated vs. non-repeated) mixed analysis
of variance (ANOVA) was conducted. The ANOVA showed that
the three factors had a significant effect on memory scores;
encoding type, F(1,46) = 11.43, p = 0.001, 12 = 0.199, language,
F(1,46) = 4.73, p = 0.035, n% = 0.093, and semantic repetition,
F(1,46) = 21.55, p < 0.001, 12 = 0.319. The ANOVA also
revealed a significant three-way interaction, F(1,46) = 9.98,
p=0.003,1?=0.178.

Further, to examine whether there were different interactions
between language and semantic repetition in the SPT versus the
VT condition, we separated the analyses by encoding type. As for
the SPT condition, the two-way interaction between language and
semantic repetition was not significant, F(1,23) = 0.40, p = 0.533,
n? = 0.017. As for the VT condition, the interaction between
language and semantic repetition was significant, F(1,23) = 26.87,
p < 0.001, n? = 0.539. Looking at the VT condition separately,
regarding semantic repetition, analyses of simple effects show
that English phrases were better recognized if they were repeated
(M = 053, SD = 0.25) compared to phrases that were not
repeated (M = 0.32, SD = 0.27), £(23) = 6.57, p < 0.001, Cohen’s
d =0.807. In contrast, in Chinese there was no difference between

09

B SPT
ovT

Memory performance

repeated |—<
repeated |—|

repeated
non-

repeated
non-

Chinese English

FIGURE 1 | Mean memory performance per encoding condition, language,
and semantic repetition condition. Bars represent standard errors.
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repeated phrases (M = 0.45, SD = 0.24) and non-repeated phrases
(M =0.39, SD = 0.19), £(23) = 1.69, p = 0.105, Cohen’s d = 0.277.
Regarding language, repeated phrases were better recognized in
English (M = 0.53, SD = 0.25) than in Chinese (M = 0.45,
SD = 0.24), t(23) = 2.05, p = 0.05, Cohen’s d = 0.326. In contrast
for non-repeated phrases there was no difference between English
(M = 0.32, SD = 0.27) and Chinese (M = 0.39, SD = 0.19),
£(23) = 1.91, p = 0.069, Cohen’s d = 0.300.

In a further analysis, we calculated the size of the enactment
effect (mean d’ scores (SPT-VT)/VT comparison) for both
language and semantic repetition. Regarding language, we found
that the size of the enactment effect in English phrases (mean
d’ scores = 0.67) was not significantly larger than in Chinese
phrases (mean d’ scores = 0.48), Z = 1.35, p > 0.05 (hypothesis
tests of the difference between two population proportions;
Anderson et al.,, 2011), indicating that language did not affect
the size of the enactment effect. As for semantic repetition,
the results showed that the size of enactment effect in the
semantic repetition condition (mean d’ scores = 0.42) was smaller
than in the non-repetition condition (mean d’ scores = 0.79),
Z = —2.61, p < 0.01, indicating that semantic repetition affects
the size of the enactment effect, with a stronger effect in the
non-repetition condition.

DISCUSSION

The current study investigated how language (native vs. non-
native) and semantic repetition (repeated vs. non-repeated)
interacted with the enactment effect. Specifically, we pursued
four main research goals: (i) replicating the enactment effect
(ii) examining differences of the enactment effect in native
versus non-native languages, (iii) examining whether semantic
repetition would enhance memory performance and would
be associated with the size of the enactment effect, and (iv)
examining potential interactions between language, semantic
repetition, and enactment to gain further insights into whether
the multimodal theory or the episodic integration theory is more
suitable for explaining the enactment effect.

Regarding the first goal, results showed an enactment effect,
which was reflected in superior memory scores for phrases
learned in the SPT compared to the VT condition. The present
study thereby replicates and further supports an extensive line of
action memory studies, providing further evidence for a robust
enactment effect (e.g., Engelkamp and Krumnacker, 1980; Cohen,
1981; Saltz and Donnenwerth-Nolan, 1981; Steffens et al., 2015;
Zhao et al., 2016; Hainselin et al., 2017; Li et al., 2017; Wammes
et al,, 2017; Yu and Wang, 2017; Iani and Bucciarelli, 2018; Li
and Wang, 2018; Liu and Wang, 2018). Under this premise, our
subsequent research goals targeted a better understanding of how
enactment enhances memory.

Specifically, regarding our second research goal of comparing
a native with a non-native language, the current study
demonstrated that memory performance was better for
English (non-native language) compared to Chinese phrases
(native language). One may naturally expect superior memory
performance in the native language. However, one possible

explanation for this effect could be that to some degree, the
English phrases were more novel or more “bizarre” compared
to Chinese phrases. This may have made English phrases more
remarkable and thus easier to remember. This view is supported
by an earlier study in which participants’ memories of bizarre
or novel items were better than those of non-bizarre, non-novel
items (Einstein and McDaniel, 1987).

It further is important to highlight that language is not a
critical determinant of the size of the effect, as the size of the
effect was not significantly different between English and Chinese
phrases (i.e., no difference in d’ scores). The evidence that the
effect manifested in both languages suggests that the language
chosen for the study is not critical for the effect to emerge. This
supports the reliability of findings from international studies that
used the local language to study the enactment effect. Thus,
if studies continue using different languages that are familiar
to the local participants, this should not bias the results when
investigating the enactment effect.

Regarding our third goal, semantic repetition improved
memory performance, but only in the VT condition, indicating
that the deeper processing related to semantically repeating
certain phrases enhanced memory performance for VT learning,
which was not beneficial in SPT learning. Indeed, previous
studies suggest that SPT memory exhibits less sensitivity to
cognitive strategies (e.g., rehearsal or organizational strategies)
than does VT memory (e.g., Engelkamp, 1996; Zimmer et al.,
2001; Gollyhdring and Engelkamp, 2003; Von-Essen, 2005).
Similarly, they suggest that conceptual elaboration (that is,
elaborating a concept with one’s knowledge; for example, for
an apple, that it grows on fruit trees and matures in autumn)
commonly had an influence on the enactment effect by affecting
memory performance under the VT condition, but no (or a
smaller) influence under the SPT condition (Nilsson and Craik,
1990; Cohen and Bryant, 1991; Zimmer and Engelkamp, 1999).
In this line, our findings also support that SPT learning is
rather insensitive to cognitive strategies. Specifically, as semantic
repetition re-activates relational information, our study supports
the idea that enacting action phrases can enhance memory via
item-specific processing rather than via relational processing
(e.g., Zimmer and Engelkamp, 1985; Seiler and Engelkamp, 2003;
Steffens et al., 2006; Steffens et al., 2009; Schatz et al., 2011;
Li and Wang, 2018).

Further, semantic repetition was associated with the size of
the enactment effect. Specifically, the size of the enactment
effect was smaller in the repeated compared to the non-repeated
condition. In the (SPT-VT)/VT comparison, VT memory scores
of semantically repeated phrases increased, making the difference
between the two conditions smaller. In contrast, memory
performance in the non-repeated semantic condition did not
change in the same way. As the SPT learning was not affected
by semantic repetition, this result again provides evidence that
enactment seems to be enhanced by item-specific processing
without being affected by relational information.

Regarding our fourth study goal of investigating the
interaction of language, semantic repetition, and enactment, our
results demonstrate memory improvements when participants
learned repeated phrases in a foreign language (English) in
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the VT condition but not in the SPT condition. In contrast,
the same effect was not observed in phrases learned in the
native language. That is, the effect of semantic repetition was
comparable for Chinese phrases learned in both SPT and VT
conditions. Although the present study design does not allow
to fully disentangle the exact mechanisms behind this finding,
one possible explanation is that the effect of semantic repetition
was suppressed by processing habits (i.e., participants’ preferred
strategy when learning or remembering) in the native language.
Although preliminary at this point, these findings are important
because they demonstrate that while foreign language learning
is susceptible to the principles of conceptual elaboration (as
observed in the VT condition), the same is not true for the
SPT condition. More precisely, our findings thereby support the
notion that conceptual elaboration does not improve SPT recall
(see Nilsson and Craik, 1990; Zimmer and Engelkamp, 1999).

As mentioned earlier, three main theories attempt to explain
the enactment effect: the dual-code theory, the multimodal
theory, and the episodic integration theory. These three
explanations of the SPT advantage share the assumption that
enactment adds something to the processing of the verbal
material that has to be memorized (Feyereisen, 2009). The
problem is to identify what exactly is added. For example, in
the multimodal theory, Engelkamp (2001) emphasized the role
of the motor system as key factor in the enactment effect.
Specifically, Zimmer and Engelkamp (1985) showed that memory
of action phrases was worse if subjects had to perform a secondary
motor task (e.g., a body related action as scratching oneself)
compared to when only the action phrase had to be performed,
which highlights the importance of the motor system (see also
Iani and Bucciarelli, 2017).

In contrast, the episodic integration theory suggests that
there is no signal of the motor system, and the processing of
action memory would mainly rely on conceptual processing
(Zimmer et al., 2001). Studies supported this view by showing
that enactment can improved the semantic integration (Kormi-
nouri, 1995; Kormi-Nouri and Nilsson, 1998; Kormi-Nouri et al.,
2003; Badinlou et al, 2018a,b). However, in our study, we
found that SPT did not improve with semantic repetition. Thus,
as enactment effect did not seem to benefit from conceptual
processing, the present study does not support the episodic
integration theory.

From the perspective of whether the enactment effect is
associated with language representation, we examined the role
of language and semantic repetition on the enactment effect
to explore the degree of overlap and interaction between these
factors. For the aforementioned result, remember that while
the SPT condition improved memory, it was not affected by
semantic repetition nor by language. Our viewpoint is in line
with the idea that SPT is insensitive to cognitive strategies
(e.g., Engelkamp and Zimmer, 1985; Iani and Bucciarelli,
2018), thus partly pushing forward the notion that maybe the
motor encoding is the additional factor that is fundamental
to the enactment effect. However, it is possible that because
SPT itself can be regarded as a deep encoding (e.g., Zimmer
et al., 2001; Senkfor et al., 2008; Feyereisen, 2009), it may be
repetition strategy in itself. It is therefore possible that the

rehearsal used in the present study was not so effective to add
something to SPT.!

Interestingly, language did not significantly affect the size
of the enactment effect, indicating that enhanced performance
in the SPT condition did not result from higher novelty or
distinctiveness of English phrases but from the action itself.
This is further in line with previous studies who investigated
the enactment effect in more detail. They assessed participants’
memory of action phrases that participants did not enact
themselves, but that they simply observed being performed by
an experimenter (a condition labeled “experimenter-performed
task,” EPT). Previous studies find that EPT improves memory
compared to VT by facilitating relational processing, whereas
SPT did not facilitate such relational processing (e.g., Von-
Essen, 2005; Feyereisen, 2009). From the perspective of language
representation, the current study provides further evidence that
deploying the motor system specifically bolsters the salience of
the actions by item-specific processing rather than by relational
processing (see also Feyereisen, 2009). Nevertheless, it seems
important to highlight that this is the first study to examine how
language and semantic repetition interact with enacting action
phrases. Although this gives novel insights in the mechanisms
that contribute to the enactment effect, our conclusion remain
somewhat preliminary at this point. Future studies will have to
replicate the present work and will have to further disentangle
the different factors and mechanisms that contribute to the
enactment effect.

Finally, we carried out statistical analyses on the interactions
between encoding type and language, separately for semantic
repetition versus non-repetition. The results showed a significant
interaction in the SPT condition for non-repeated phrases so
that memory scores for English phrases were better than those
of Chinese phrases. Showing that enacting can enhance foreign
language learning. For future studies, it would be interesting
to understand whether this effect would also persist when the
foreign language is other than English. Overall, the fact that we
found that actions can facilitate foreign language learning, places
the current study in line with a recent study by Lajevardi et al.
(2017), where the authors showed that the enactment of phrases
was an effective encoding tool to learn a non-native language (see
also Macedonia and von Kriegstein, 2012).

In sum, the present study demonstrated that the enactment
effect is sufficiently robust to emerge in both native and
non-native language (Chinese and English, respectively). More
interestingly, the size of the effect was not significantly larger
for phrases learned in the non-native language. While on
one hand, we associate the overall enactment effect to the
multimodal theory, on the other hand, we propose that superior
memory performance for the foreign language is the result of
“novelty item” effect. Regarding learning strategies, we found that
conceptual elaboration does not improve SPT scores, however,
VT scores improved with repeated semantics. Further, semantic
repetition modulated the size of the enactment effect. We suggest
that motor provides further item-specific information sufficient
to memorize the items, partly in line with the multimodal theory.

'We thank a reviewer for pointing out this issue.
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