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Abstract

Recent studies have revealed the instability of the action—sentence compatibility effect (ACE). The current study was designed
to demonstrate the hypothesis that the instability of the ACE may be attributed to the instability of focused information in
a sentence. A pilot study indicated that the focused information of sentences was relatively stable in the sentence—picture
verification task but exhibited significant interindividual variability in the action—sentence compatibility paradigm in previous
studies. Experiments 1 and 2 examined the effect of sentence focus on the shape match effect and the ACE by manipulating
the focused information of sentences using the focus marker word “#&” (is). Experiment 1 found that the shape match effect
occurred in the original sentence, while it disappeared when the word “7&” (is) was used to make an object noun no longer
the focus of a sentence. Experiment 2 failed to observe the ACE regardless of whether the sentence focus was on the action
information. Experiment 3 modified the focus manipulation to observe its impact on the ACE using different fonts and under-
lines to highlight the focused information. The results indicated that the ACE only occurred when the action information was
the sentence focus. These findings suggest that sentence focus influences mental simulation, and the instability of the ACE is
likely to be associated with the instability of sentence focus in previous studies. This outcome highlights the crucial role of
identifying specific information as the critical element expressed in the current linguistic context for successful simulation.
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A critical distinction between humans and other organisms is
that humans can understand language and use it to communi-

Amodal system theory suggests that language processing is
based on abstract, amodal symbols that are arbitrarily linked

cate thoughts and information. How do humans understand
language? How is the meaning of language represented in
the brain? These questions have not been clearly explained.
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to the objects they represent. The brain is only a system
that manipulates these symbols (Newell & Simon, 1976).
Although this theory has produced rich research achieve-
ments and prompted the development of computational
models of language comprehension, such as latent semantic
analysis (LSA; Landauer & Dumais, 1997), it cannot explain
how abstract symbols are associated with objects in the real
world, which was referred to as the symbol grounding prob-
lem (Harnad, 1990). Therefore, researchers have sought to
understand language function through the lens of embodied
cognition.

In the early stages of the embodied language theory,
researchers considered that sensorimotor experiences are
essential for language comprehension. They have proposed
that language concepts are rooted in the sensorimotor sys-
tem and that language comprehension involves reactivat-
ing sensorimotor experiences (Barsalou, 1999; Qu et al.,
2012). In this view, the sensorimotor experiences generated
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through interaction with the external world are extracted
and transformed into analogue, modal symbols, which are
stored in long-term memory. In language comprehension,
the brain systems recruited to process embodied symbols
are similar to actual perceptual and motor processes. Based
on this process, language symbols are linked to objects in
the real world, providing a reasonable explanation for the
symbol grounding problem. This viewpoint was represented
by the perceptual symbol system (Barsalou, 1999) and the
immersive experiencer theory (Zwaan, 2004), and they are
collectively referred to as “strong embodiment” theories.
For example, the perceptual symbol system proposed that
accumulated sensorimotor experiences from interaction
with the external world are reactivated to simulate events,
scenes, and actions described by language in language
comprehension, thereby leading to understanding of the
meaning of sentences. Some researchers call this process
“mental simulation” (Zhang et al., 2015). However, as the
research further develops, it was revealed that embodied
representations are flexible and not always observed, while
symbolic representations may be more prevalent in language
comprehension. Based on this perspective, some research-
ers proposed the language and situation simulation theory
(Barsalou et al., 2008) and the symbol interdependency
hypothesis (Louwerse & Jeuniaux, 2008), they consistently
proposed that mental simulation occurs only when deep
processing language and that symbolic representations are
sufficient when roughly processing meets current situational
or task demands. These theories are collectively referred to
as “weak embodiment” theories.

Researchers have devoted efforts to finding empirical evi-
dence for the activation of sensorimotor experiences dur-
ing language comprehension. The two most representative
behavioral paradigms are the sentence—picture verification
task (SPVT; Stanfield & Zwaan, 2001) and the action—sen-
tence compatibility paradigm (ASCP; Glenberg & Kaschak,
2002), which have been used to demonstrate the activation
of perceptual and motor experiences, respectively, during
language comprehension.

In Stanfield and Zwaan’s (2001) study, participants were
required to read sentences that implied a specific orientation
of an object (e.g., “John put the pencil in the drawer.” imply-
ing horizontal orientation; “John put the pencil in the cup.”
implying vertical orientation). After reading the sentences,
participants viewed pictures (a pencil oriented horizontally
or vertically) and judged whether the objects in the pictures
were mentioned in the preceding sentences. Match and mis-
match conditions were constituted based on the congruence
between the orientation of the objects in the pictures and
the orientation implied in the sentences. The results showed
that response times were significantly shorter in the match
condition than in the mismatch condition (the match effect).
The researchers argued that this difference was due to the

activation of object orientation features during the reading
process, indirectly supporting the activation of perceptual
experiences during language comprehension. After this para-
digm was proposed, a series of studies using this paradigm
demonstrated the activation of other perceptual features (e.g.,
shape, size, color, visibility) during language comprehension
(Connell & Lynott, 2009; de Koning et al., 2017a; Horchak
& Garrido, 2021; Speed & Majid, 2020; Yaxley & Zwaan,
2007; Zwaan et al., 2002). Moreover, several studies have
conducted replication experiments on various perceptual fea-
tures to explore their stability and reliability. Despite find-
ing inconsistent results in the direction or color dimensions,
these studies consistently demonstrated the stability of the
shape match effect (de Koning et al., 2017b; Rommers et al.,
2013; Zwaan & Pecher, 2012). Furthermore, the shape match
effect has been observed in children and the elderly (Madden
& Dijkstra, 2009; Wassenburg et al., 2017). Based on these
research findings, while the reasons for the instability of the
direction or color match effects are not yet conclusive, there
is substantial evidence supporting the stability of the shape
match effect.

Glenberg and Kaschak’s (2002) study aimed to demon-
strate the simulation of motor experiences during sentence
comprehension. In this study, participants were required
to read sentences that implied a specific motion direction
(toward or away from the body) and to judge the sensibility
of the sentences by pressing the “YES” or “NO” button. The
critical manipulation in this task was the button configura-
tion. In half of the trials, participants had to move toward
their own body when pressing the “YES” button and away
from their own body when pressing the “NO” button. In the
other half of the trials, the button configuration was reversed.
The button direction and the motion direction implied in
the sentences constituted congruent and incongruent condi-
tions. Similar to the results of Stanfield and Zwaan (2001),
this study found that reading times were significantly shorter
when the button direction was congruent with the motion
direction implied in the sentences compared with the incon-
gruent condition (referred to as the action—sentence com-
patibility effect [ACE]), indirectly supporting the activation
of motor experiences during language comprehension. Fol-
lowing this study, some researchers replicated and extended
the ACE (Bergen & Wheeler, 2010; De Scalzi et al., 2015;
Glenberg et al., 2008). However, in recent years, the stability
and reliability of the ACE have been questioned. Initially,
two studies attempted to replicate the ACE (Diez-Alamo
et al., 2020; Papesh, 2015); although they tried to maintain
consistency with the original studies with regard to sentence
materials, experimental manipulations, and procedures, both
obtained null results. Papesh (2015) conducted Bayesian
analyses on previous data and found little robust evidence
to support the alternative hypothesis, indicating the instabil-
ity of the ACE. Building on these two studies, researchers
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sought to provide more robust evidence for the stability and
reliability of the ACE through preregistered multilab rep-
lications. However, none of the laboratory data supported
the ACE (Morey et al., 2022). Furthermore, a meta-analysis
revealed that although the effect size of the ACE was signifi-
cant, its value was small (Cohen’s d = 0.129). More impor-
tantly, this meta-analysis revealed a severe publication bias
in ACE studies, suggesting that many studies that failed to
find the ACE were not published (Winter et al., 2022).

In conclusion, (1) the SPVT and the ASCP have similar
research logic that aims to demonstrate the mutual influence
between language and actual perceptual (or motor) processes,
supporting the activation of perceptual or motor experiences
during sentence comprehension, and (2) the two paradigms
differ in terms of replicability. For SPVT, although some of its
results have shown instability, at least the shape match effect it
revealed has been successfully replicated in subsequent stud-
ies. In contrast, the ACE has not been supported by recent
studies, and the results of the meta-analysis and Bayesian
analysis suggest the instability of this effect.

Before considering the reasons for the ACE instability, it
is necessary to introduce the phrase “sentence focus” and its
related research. Sentence focus refers to the most empha-
sized or relevant information in a sentence, while other
information serves as the background to the focus (Birch &
Rayner, 1997; Kéldi & Babarczy, 2021). Some studies have
found that readers allocate more attentional resources and
engage in deeper processing for focused information dur-
ing language processing, leading to more detailed semantic
representations of the focused information. In contrast, non-
focused information in a sentence, which occupies a second-
ary position, usually receives fewer attentional resources,
resulting in shallower processing and coarse representation
(Birch & Rayner, 1997; Lowder & Gordon, 2015; Yang
et al., 2018). For example, in a change detection task, it was
found that when a change occurs in nonfocused information
during the second reading compared with when a change
occurs in focused information, participants have significantly
lower detection rates (Sanford et al., 2006, 2009; Sturt et al.,
2004). This finding indicates that the representation of non-
focused information is relatively coarse to the extent that
participants may not notice the change when it occurs.

Thus, we can conclude that (1) according to the “weak
embodiment” theory, the simulation system is necessary
only when relevant information is deeply processed, and
(2) the depth of information processing is influenced by
sentence focus, with only the focused information receiv-
ing deep processing. Based on this, we can speculate that
only the focused information would recruit mental simu-
lation processes in language comprehension. Therefore,
the instability of ACE may be related to the instability of
the sentence focus (i.e., interindividual variability in the
focused information). Specifically, the focus of sentences
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used in the ASCP is not explicit. When participants read
a sentence such as “You kicked the football to Jack,” some
participants identify the action information (“kicked some-
thing to Jack”) as the sentence focus, leading to deep pro-
cessing of the action information and the activation of
motion direction feature. Conversely, other participants
may identify the object noun (“football,” emphasizing
what was kicked to Jack) as the sentence focus. Although
previous research has indicated that noun processing may
also activate related motor experiences (Carota et al.,
2012; Gough et al., 2012). However, nouns do not imply
any specific directionality, while the sentences in the
ASCP do. Considering that ACE primarily arises from
the consistency between the movement direction being
activated in sentence comprehension and the actual action
direction, when the action information cannot consistently
become the sentence focus, the movement-direction fea-
tures of the sentence cannot be steadily activated, resulting
in ACE not being steadily observed. However, the focus
of sentences used in the SPVT is more explicit, and the
object in the picture always corresponds to the object noun
in the sentence. This leads to consistency among partici-
pants in identifying the sentence focus and more stable
results for the shape match effect.

The present study used a pretest and three formal experi-
ments to validate our speculation that sentence focus influ-
ences the mental simulation process in language compre-
hension and that the instability of sentence focus may be
one of the reasons for the instability of the ACE. The pretest
first evaluated the focused information of the sentences used
in previous studies through a questionnaire, which served as
the foundation for the entire study. Experiments 1, 2, and 3
examined the effect of sentence focus on the shape match
effect and ACE by manipulating the focused information of
sentences. We hypothesized that (1) in the SPVT, the object
nouns in the sentences (e.g., “banana’” in “Jerome saw the
banana on the dessert.”’) would be stably recognized as the
focus, while the focus of sentences used in the ASCP would
show high variability between individuals; 2) in the SPVT,
the shape match effect would disappear when the subject
noun was manipulated to be the focus; and 3) in the ASCP,
the ACE would appear when the action information was
manipulated to be the focus.

Pretest: Evaluation of the focused
information of the sentence used
in the previous literature

Purpose

Through a questionnaire, this pretest aimed to demonstrate
the stability of object nouns as the focused information of
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sentences used in the SPVT and the instability of action-
related words as the focused information of sentences used
in the ASCP. Previous research has considered it-cleft sen-
tences as sentence structures with highly explicit focused
information (Birch & Rayner, 1997). Therefore, it-cleft sen-
tences were included in the questionnaire to examine the
validity of the focus evaluation method used in the present
experiment.

Method
Participants

The sentences in the questionnaire were initially presented
in English. Therefore, only proficient English speakers were
recruited. Thirty female participants majoring in English
were recruited from a university in Tianjin, China. Their
ages ranged from 22 to 27 years, and all participants had
an English proficiency level of English Majors-Band 8 or
higher.

Research instrument

A self-designed sentence focus evaluation questionnaire was
used that consisted of 63 sentences. Twenty-eight sentences
were derived from studies using the SPVT (Zwaan et al.,
2002), such as “Jerome saw the banana on the dessert.”
Another 28 sentences were derived from studies using the
ASCP (Glenberg & Kaschak, 2002; Papesh, 2015), such as
“You kicked the football to Jack.” Additionally, the question-
naire included seven it-cleft sentences, such as “It is the note
that you slipped Heather.” (with the focus on “note”). In the
questionnaire, sentences from studies using the SPVT and
studies using the ASCP alternated, and it-cleft sentences
were inserted into the questionnaire at intervals of eight sen-
tences. Furthermore, two questionnaire versions were cre-
ated with the same sentences but with reversed presentation
orders to balance order effects.

Procedure and scoring

The questionnaire was administered online. Participants
were instructed to read each sentence carefully and select
the part of the sentence that they believed emphasized or
was most important for understanding the sentence (Osaka
et al., 2002). Completing the questionnaire took approxi-
mately 5—10 minutes. Scoring followed the method used in
previous research (Osaka et al., 2002). For each sentence, the
percentage of participants who selected the action-related
word or object noun as the focus was calculated. For the sen-
tences used in the ASCP, such as “You kicked the football to

Jack.”, the proportion of participants who selected “kicked”
and “football” as the focus was calculated. For the sen-
tences used in the SPVT, such as “Jerome saw the banana
on the dessert.”, the proportion of participants who selected
“banana’” as the focus was calculated. For it-cleft sentences,
such as “It is the note that you slipped Heather.”, the propor-
tion of participants who selected “note” as the focus was cal-
culated. Then, the average selection rates for different types
of sentences were calculated. Because previous research
has considered 70% the threshold for determining sentence
focus (Osaka et al., 2002), chi-square tests were conducted
to statistically compare the times participants selected each
type of word with the times corresponding to 70% of the
threshold for each type of sentence.

Results and discussion

For it-cleft sentences, the average selection rate for the
focused noun was 86.19%. Chi-square tests revealed a sig-
nificant difference, Xz(l) = 15.16, p < .001. This result indi-
cates that participants selected the focused noun significantly
more often than the 70% threshold, supporting the validity of
the focus evaluation method used in the present experiment.

For the sentences used in the SPVT, the average selec-
tion rate for the object noun was 80.60%. Chi-square tests
revealed a significant difference, Xz(l) =24.78, p < .001.
This result indicates that participants selected the object
noun significantly more often than the 70% threshold, sug-
gesting that the focused information in these sentences was
explicit and consistent among the participants.

For the sentences used in the ASCP, the average selec-
tion rate for the action-related word was 24.29%, while the
average selection rate for the object noun was 41.55%. Chi-
square tests revealed that the selection rates for both the
action-related word and the object noun were significantly
lower than 70%—action-related word: Xz(l) =3504,p <
.001; object noun: Xz(l) = 136.69, p < .001. This result
indicates that the focused information in these sentences was
vague and varied between individuals.

In summary, this pretest first demonstrated the effec-
tiveness of the focus evaluation method by it-cleft sen-
tences. Similar to it-cleft sentences, the sentences used in
the SPVT had explicit focused information, and partici-
pants consistently identified their focused information as
object nouns. In contrast, the sentences used in the ASCP
exhibited inconsistency in focus among participants.
Some participants recognized the action-related word for
the same sentences as the focus, while others identified
other parts of the sentences, mostly the object noun, as the
focus. These findings support the hypothesis proposed in
the introduction, suggesting that the sentences used in the
ASCP do not exhibit explicit and stable focused informa-
tion. Instead, the focused information of these sentences
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shows significant interindividual variability. Is the insta-
bility of the ACE related to the instability of sentence
focus found in the present experiment? We hypothesize
that if the instability of the ACE is due to the instability
of sentence focus, then manipulating the action informa-
tion as the focus should result in the ACE in the ASCP,
and manipulating the subject noun as the focus should
eliminate the shape match effect in the SPVT.

Experiment 1: The influence of sentence
focus on the shape match effect—
Manipulating by focus marker word “ /2" (is)

Purpose

The SPVT was employed to investigate the influence of
sentence focus on the shape match effect. Using the focus-
marking word “J&” (is), the sentence focus was shifted from
the object noun to the subject noun to explore whether the
shape match effect disappeared under this condition.

Method
Participants

The prior sample size was determined using G*Power soft-
ware, with statistical significance at a = 0.05, a power of 1
— B =0.95, and a moderate effect size of f= 0.25. The result
indicated that 36 participants would be required. Finally,
41 participants were recruited from a university in Tianjin,
China. One participant reported being affected by external
noise during the experiment, and her data were excluded.
The final analysis included data from forty participants (32
females, age range: 18-25 years).

Experimental design

A 2 (sentence type: object noun-focused sentence, subject
noun-focused sentence) X 2 (match: match, mismatch)
within-subject design was used with the dependent variable
of response time for picture judgment.

Materials

There were 40 sets of experimental sentence—picture pairs
and 160 filler sentence—picture pairs. The experimental sen-
tence—picture pairs were partly from previous studies and
partly self-created. Each set of experimental sentence—pic-
ture pairs consisted of four types of sentences (two shapes
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X two focus conditions) and two pictures corresponding to
the implied shape of objects in the sentences. Therefore,
there were eight combinations of sentence—picture pairs
(see Table 1). Previous studies consistently used personal
names (e.g., John, Tom) as the subjects of the sentences.
However, the subjects were modified to be occupational
nouns (e.g., police officer, manager) in the current experi-
ment. Furthermore, in previous studies, the objects presented
in the pictures always corresponded to the object noun of
the experimental sentences (e.g., “banana’” in “Jerome saw
the banana on the dessert.”), which attracted more atten-
tion from the participants and made it the focus of the sen-
tence. This would have interfered with our focus manipula-
tion. Therefore, in the present experiment, additional filler
materials (40 sentence—picture pairs) were added so that the
subject noun could also be the content of the pictures. How-
ever, because personal names are difficult to represent with
pictures while occupational nouns are relatively feasible, the
subjects of the experimental sentences were modified in the
present experiment.

The sentence focus was manipulated by the focus marker
word “7&” (is). Previous linguistic studies have suggested
that focus marker words (or focus-sensitive particles) are an
essential means to mark focused information, such as “f”
(have), “J&” (is), and “7%” (even) in Chinese (Tang, 2020).
Among them, “/&” (is) is the most prominent focus marker
word in Modern Chinese, and its essential role in marking
the focus cannot be replaced by any other word (Liu, 2013).
In Chinese, if it is necessary to emphasize a particular ele-
ment in a sentence, the focus marker word “/&” (is) can
be added before it (Jiang, 2012). Therefore, in the present
experiment, the subject noun of the original sentence was
placed at the end of the sentence, and the focus marker word
“f&” (is) was placed before the subject noun to make it the
focus of the sentence (similar to it-cleft sentence in Eng-
lish). Because the pretest results showed that the participants
could stably identify the object nouns as the focus for the
original sentence, the original sentences were used for the
object noun-focused condition.

Among the 160 filler sentence—picture pairs, 40 consisted
of sentences with the same structure as the experimental
sentences, but with the subject noun as the picture content.
In addition, 20 sentences with different structures from the
experimental sentences were added to prevent participants
from perceiving the manipulation of the sentence focus. In
the 40 sets of experimental sentence—picture pairs and 60 filler
sentence—picture pairs, the objects in the pictures were men-
tioned in the sentences, requiring participants to provide a
“YES” response. To balance the “YES” and “NO” responses,
100 sentence—picture pairs were included where the objects in
the pictures were not mentioned in the sentences.

Based on the above materials, eight experimen-
tal lists were created, each containing 40 experimental
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Table 1 Example of sentence—picture pair for each combination (Experiment 1)
Match Sentence type Sentence Picture
: HRERRETE—AE
Object noun-focused .
Match The herdsman saw the eagle in the sky
atc
. BRRETH - RERRKIR
Subject noun-focused .
It’s the herdsman who saw the eagle in the sky
: WA R — R
Object noun-focused .
Mismatch The herdsman saw the eagle in the nest
ismatc ;
. AR EEA — RE IR
Subject noun-focused i
It’s the herdsman who saw the eagle in the nest
: BIRE IR EA — HE
Object noun-focused .
Match The herdsman saw the eagle in the nest
a C [£4
. BEESTEAH — HE R IR
Subject noun-focused i
It’s the herdsman who saw the eagle in the nest P
L3
| MR IR 2 —
Object noun-focused The herd h le in the sk AV
e herdsman saw the eagle in the s {4
Mismatch g Y @

Subject noun-focused

BRIRE A — RERRIR

It’s the herdsman who saw the eagle in the sky

The sentences were presented in Chinese in the experiment

sentence—picture pairs and 160 filler sentence—picture
pairs. For the experimental sentence—picture pairs, each list
included only one type of combination from each set, and the
types of combinations were counterbalanced in the experi-
mental lists. The filler sentence—picture pairs were consistent
across different lists.

Procedure

The experiment was programmed using E-Prime 3.0. In the
formal experiment, a fixation was presented; the fixation dis-
appeared after 500 ms, followed by the automatic presenta-
tion of a sentence. Participants were instructed to carefully
read the sentence and press the space bar when they under-
stood the meaning of the sentence. Then, another fixation
cross was presented for 500 ms, followed by the automatic
presentation of a picture. Participants were instructed to
judge whether the object in the picture had been mentioned
in the sentence they had just read as quickly and accurately
as possible. They were instructed to press the “YES” button
if the object was mentioned and the “NO” button if it was
not. After providing a response, the participants proceeded
to the subsequent trial until the end of the experiment. The
formal experiment consisted of 200 trials presented in a
pseudorandom order to ensure that the same conditions did
not appear consecutively. The experiment was divided into
four blocks, each consisting of 50 trials. The participants

could take self-paced breaks between blocks. To ensure
that the participants read the sentences carefully, they were
informed that a recall test would be conducted after the for-
mal experiment. The recall test consisted of 48 sentences,
with 24 sentences appearing in the formal experiment and 24
not appearing. The participants were asked to judge whether
each sentence had been read in the formal experiment. The
experiment took 20~25 minutes.

Before the formal experiment, the participants completed
six practice trials. The practice procedure was identical to
the formal experiment, but the materials used did not appear
in the formal experiment.

Data analysis

Consistent with previous studies, the dependent variable
in the present experiment was the response time (RT) for
picture judgment. First, the response times were log-trans-
formed, and then a linear mixed model (LMM) was estab-
lished using the /me4 package (Bates et al., 2015). The LMM
included the sentence type, match, and their interaction as
fixed effects and the participant and item as random effects,
with the RT for picture judgment as the dependent variable.
In model construction, the model fitting started from the
maximal random effects, and if the complex model failed
to converge, it was gradually simplified until convergence
was achieved. If the interaction effect was significant, simple
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effects analysis was conducted using the Ismeans package
(Lenth, 2016). This analysis method was chosen because
LMM can simultaneously consider the variation of partici-
pants and items, resulting in more accurate and stable results
than an analysis of variance (ANOVA; Solana & Santiago,
2022).

Results and discussion

The average accuracy of the participants in the picture judg-
ment was 97.34%, and the average accuracy in sentence
recall was 80.73%, indicating that the participants performed
the task according to the instructions. Before the statistical
analysis, the following trials were removed: (1) trials with
incorrect responses (accounting for 5.44% of all trials); (2)
trials with RTs exceeding 2.5 standard deviations from the
mean (accounting for 1.56% of all trials); and (3) trials with
response times greater than 3,000 ms or less than 300 ms
(accounting for 0.94% of all trials; Engelen et al., 2011).

The LMM! for RT revealed a significant interaction
between sentence type and match, b = 0.019, SE = 0.008,
t =228, p =.023, 95% CI [0.003, 0.034]. Simple effects
analysis revealed that in the object noun-focused condition,
participants responded significantly faster when the picture
matched than when it did not match the shape implied by the
sentence, b = —0.095, SE = 0.023, r = —4.19, p < .001, 95%
CI [-0.140, —0.051]. However, there was no significant dif-
ference between the match and mismatch conditions in the
subject noun-focused sentence, b = —0.021, SE = 0.023, ¢t =
—0.92, p =.359,95% CI [-0.067, 0.024]. In addition, the main
effect of the match was significant, b = —0.029, SE = 0.008,
t=-3.59, p <.001, 95% CI [-0.045, —0.013], but this effect
was mediated by sentence type. The main effect of sentence
type was not significant, » = 0.006, SE = 0.008, t = 0.75, p =
461, 95% CI [—0.010, 0.023]. The descriptive results for the
match and sentence conditions are illustrated in Fig. 1.

In general, the interaction between the sentence types and
the match supports the hypothesis proposed in the intro-
duction, providing evidence for the influence of sentence
focus on the shape match effect and mental simulation. Spe-
cifically, the shape match effect disappears when the object
noun is not the sentence focus. Furthermore, the present
experiment replicates previous findings in the object noun-
focused sentence (original sentence), demonstrating the sta-
bility and replicability of this effect. Based on the results of
Experiment 1, we speculate that if the instability of the ACE
arises from the instability of the sentence focus in the ASCP,
then the ACE can be found by marking the action informa-
tion as the focus using the focus marker word “/&” (is). We
conducted Experiment 2 to test this hypothesis.

! The final model, in Ime4’s model notation, was prt ~ focus * match
+ (1 + focus | participant) + (1 | item).
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Fig.1 The descriptive results for each experimental condition in the
Experiment 1

Experiment 2: The influence of sentence
focus on the ACE—Manipulating by focus
marker word “;2” (is)

Purpose

The impact of sentence focus on motor simulation was exam-
ined using the ASCP by manipulating the sentence focus to
either action or nonaction information using focus-marking
words “#&” (is). This investigation explored whether the
ACE was observed when action information became the
sentence focus.

Method
Participants

Similar to Experiment 1, at least 36 participants would be
required in Experiment 2. Finally, 48 participants were
recruited from a university in Tianjin, China. Among them,
two participants did not complete the entire experiment due
to technical issues, three had an accuracy rate lower than
80% in the sensibility judgment task, and three did not fol-
low the experimental instructions. The data of these partici-
pants were discarded. Therefore, the final analysis included
data from forty participants (32 females, between 17 and 25
years of age).

Experimental design

A 2 (sentence type: action-focused sentence, nonaction-
focused sentence) X 2 (consistency between direction
implied by sentence and response direction: consistent,
inconsistent) within-subject design was employed, and the
dependent variable was the reading time for the sentence.
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Table 2 Example of sentence for each combination (Experiment 2)

Sentence type X Direction

Example

Action-focused sentence—toward
Action-focused sentence—away
Nonaction-focused sentence—toward

Nonaction-focused sentence—away

FAC — Pl Rk ik T

A pizza was given to you by Tongtong

PRI — BRI IR G FE Y T

A pizza was given to Tongtong by you

FEFEIL LR I & — B

‘What was given to you by Tongtong is a piece of pizza
PRIELE LI B R — PR

What was given to Tongtong by you is a piece of pizza

The sentences were presented in Chinese in the experiment

Materials

There were 48 sets of experimental sentences and 48 filler sen-
tences. The experimental sentences were partly derived from
previous studies (Glenberg & Kaschak, 2002; Papesh, 2015) and
partly self-created. All experimental sentences were sensible,
and there were four versions for each set of experimental sen-
tences (2 sentence type X 2 direction): action-focused—toward
sentence, action-focused—away sentence, nonaction-focused—
toward sentence, and nonaction-focused—away sentence. The
direction of the sentences was implied by the combination of the
subject, predicate verb, and object complement. Moreover, the
sentence focus was manipulated by the focus marker word “/&”
(is; examples of each condition are shown in Table 2).

The filler sentences consisted of three types of nonsense sen-
tences: inappropriate verb-object collocations (e.g., Tom scrubs
an honor to you), inappropriate subjects (e.g., The sun throws a
bottle to you), and inappropriate quantifiers (e.g., Tony gives you
a meal of roses). This was intended to encourage the participants
to read the sentence carefully. Additionally, to ensure consist-
ency between the experimental and filler sentences, the same
experimental manipulations were applied to the filler sentences,
resulting in four types of filler sentences corresponding to the
experimental sentences.

Four lists were created based on the materials mentioned
above, each containing 48 experimental sentences and 48 filler
sentences. For the experimental sentences, each list included
only one version of each set of sentences. The sentence versions
were counterbalanced in the lists, with 12 action-focused—
toward sentences, 12 action-focused—away sentences, 12 non-
action-focused—toward sentences, and 12 nonaction-focused—
away sentences. The filler sentences in the different lists were
identical.

Procedure
The experiment was programmed using E-Prime 3.0. In the

formal experiment, a fixation point was first presented in the
center of the screen. After the participants pressed the “START”

button, the fixation disappeared, and the sentence was presented.
The participants were required to carefully read the sentence
and judge its sensibility as quickly as possible. The participants
needed to hold the “START” button during this process; other-
wise, the sentence would disappear. After reading the sentence,
the participants released the “START” button and then pressed
either the “YES” or “NO” button to respond (“YES” if they
thought the sentence was sensible and “NO” otherwise). After
providing a response, the participants proceeded to the subse-
quent trial until the end of the experiment. The formal experi-
ment consisted of 96 trials, with all sentences presented ran-
domly. The entire experiment took approximately 10 minutes.

The participants responded with an external keyboard. The
keyboard was placed next to the laptop with a 90-degree coun-
terclockwise rotation, and the keys “A,” “G,” and “L” were
arranged vertically. The vertical distances between “A” and “G”
and between “G” and “L” were equal, with “A” closer to the par-
ticipants and “L” farther away. Additionally, stickers were used
to replace “G” with “START,” and “A” and “L” were replaced
with “YES” or “NO.” The positions of the “YES” and “NO”
keys were counterbalanced between the participants. For exam-
ple, for half of the participants the “A” key was “YES” and the
“L” key was “NO,” while these were reversed for the other half
of the participants (see Fig. 2).

Before the formal experiment, the participants completed
two practice sessions. The first session included 20 trials and
aimed to familiarize the participants with the button configura-
tion. The word “YES” or “NO” was presented in this stage, and
the participants were asked to press the corresponding button.
After each response, feedback was presented to the participants.
The second practice session consisted of eight trials and aimed
to familiarize the participants with the procedure of the formal
experiment. The second practice followed the same procedure
as the formal experiment, but the materials used in this practice
did not appear in the formal experiment.

Data analysis

Consistent with previous research, the dependent variable
in the present experiment was the sentence reading time,
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Press the “START” button

sentence

response

Release the “START” button

Press the “YES” or “NO” button

Keyboard

[——_— “YES” or “NO” button

H———F— “START” button

————— “YES” or “NO” button

Fig.2 The general structure of a trial (left panel) and the button configuration (right panel) for Experiment 2

which referred to the latency between the sentence onset
and the participant releasing the “START” button (Glenberg
& Kaschak, 2002). First, the reading times were log-trans-
formed, and then a linear mixed model (LMM) was estab-
lished using the Ime4 package (Bates et al., 2015). The LMM
included the sentence type, consistency, and their interaction
as fixed effects, the participant and item as random effects,
and the reading time as the dependent variable. In model con-
struction, the model fitting started from the maximal random
effects, and if the complex model failed to converge, it was
gradually simplified until convergence was achieved. If the
interaction was significant, a simple effects analysis was con-
ducted using the Ismeans package (Lenth, 2016). In addition,
the current experiment did not observe ACE in both sentence
types. In order to exclude the possibility that the null results
stemmed from low statistical power, an additional Bayesian
analysis was conducted. This analysis was performed using
the BayesFactor package (Morey et al., 2015). Referring to
the approach of Yao et al. (2022), we calculated the Bayes-
ian factor of the interaction between sentence direction and
response direction in action-focused sentences and nonac-
tion-focused sentences, respectively. The Bayesian factor of
the interaction was the ratio of the model “including sen-
tence direction, response direction, interaction, participant
intercept, and item intercept” to the model “only including
sentence direction, response direction, participant intercept,
and item intercepts.”

Results and discussion

The average accuracy of the sensibility judgment task was
91.61%, indicating that participants performed the task
according to the instructions. Before statistical analysis,
the following trials were removed: (1) trials with incorrect
responses (accounting for 1.77% of all trials) and (2) trials
exceeding 2.5 standard deviations from the mean reading
time (accounting for 1.41% of all trials). Furthermore, (3)
in previous research, participants were required to read the
sentences and respond as quickly as possible, and the maxi-
mum presentation time for each sentence was set at 3,000 ms
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(Glenberg & Kaschak, 2002). Therefore, trials with reading
times exceeding 3,000 ms were also excluded (accounting
for 4.79% of all trials).

The LMM? for reading time showed that the interaction
between sentence type and consistency was not significant, b
= —0.002, SE = 0.006, t = —0.39, p = .699, 95% CI [-0.013,
0.009]. Additionally, the main effect of consistency was not
significant, b = —0.001, SE = 0.006, t = —0.25, p = .807,
95% CI [-0.013, 0.010]. This result indicates that no sig-
nificant ACE was observed in either the action-focused or
nonaction-focused sentences. However, the main effect of
sentence type was significant, b = 0.016, SE = 0.006, ¢ =
2.81, p =.005, 95% CI [0.005, 0.027], and the reading time
was significantly longer for action-focused sentences than
for nonaction-focused sentences.

Furthermore, in previous literature, ACE has been defined
as the interaction between sentence direction and response
direction (Glenberg & Kaschak, 2002). In order to maintain
consistency with the previous studies, an LMM analysis was
conducted with sentence type, sentence direction, response
direction, and their interactions as predictor variables. The
results’ revealed that the interaction of the three factors was
not significant, b = —0.002, SE = 0.006, t = —0.33, p = .746,
95% CI [—0.013, 0.009]. More importantly, the interaction
between sentence direction and response direction was also
not significant, b = —0.002, SE = 0.006, t = —0.38, p = .708,
95% CI[—0.014, 0.009], once again indicating no significant
ACE was observed in either the action-focused or nonaction-
focused sentences. Additionally, the main effect of sentence
type was observed again, b = 0.015, SE = 0.006, r = 2.54,
p = .011, 95% CI [0.003, 0.026], with reading times for
action-focused sentences significantly longer than for non-
action-focused sentences. No other effects were significant
(all ps > .190). The descriptive results for each condition are
presented in Fig. 3.

2 The final model, in Ime4’s model notation, was rt ~ focus * consist-
ency + (1 + consistency | participant) + (1 | item).

3 The final model, in Ime4’s model notation, was rt ~ focus * sdirec-
tion * rdirection + (1 + sdirection | participant) + (1 | item).
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Action-focused sentence
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Nonaction-focused sentence
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Fig.3 The descriptive results for each experimental condition in the Experiment 2

Experiment 2 found that the sentence reading time was
significantly longer for action-focused sentences. This
may be because action-focused sentences generally have
more words than nonaction-focused sentences (e.g., “J¥
JE Ik IR e — B vs. TR I I — SRPi¥ 2k 4
% 7). Furthermore, the ACE was not found in either
condition. We consider that this negative result can be
explained in two ways. Firstly, it may stem from low
statistical power (Button et al., 2013). Despite the priori
sample size calculation conducted in the present study,
Kumle et al. (2021) suggested that G¥Power is not suit-
able for the LMM analysis employed in the present study,
as it does not allow us to consider the variability attribut-
able to the random factors of the design. Additionally,
because the present study is novel (no previous research
has focused on the interaction between sentence focus
and ACE), the effect size was estimated to be moderate
(f=0.25), as in some previous studies (e.g., Matsumoto
et al., 2022). These two factors may have contributed
to insufficient power to detect minor effects in the cur-
rent experiment, resulting in a null result. Secondly, it
may be attributed to an inappropriate focus manipulation
method, specifically that the focus manipulation method
used in the current experiment was not suitable for the
sentence used in the ASCP in Chinese. There is evidence
to support this hypothesis. First, in the second practice
session, most participants specifically noticed the pres-
ence of the focus marker word “#&” (is) and asked the
experimenter whether these sentences were considered
nonsense because they thought that “/&” (is) made the
sentence less fluent. We explained to the participants
that this task required them to judge whether the meaning
expressed by the sentence was sensible without consider-
ing the fluency of the sentence. However, some partici-
pants still reported being disturbed by the fluency of the
sentences during the experiment. This indicates some

issues with the focus manipulation method used in the
present experiment. Second, we conducted a postexperi-
ment assessment of the sentence focus. We selected 12
action-focused sentences and 12 nonaction-focused sen-
tences and recruited 33 participants. The results showed
that an average of 18.43% of the participants identified
the focused information as the verb for the nonaction-
focused sentences, and 46.72% identified the focused
information as the action-focused sentences. Although
the latter percentage was relatively higher, it was signifi-
cantly lower than the 70% threshold in previous studies,
Xz(l) = 7.92, p = .005. Taken together, these results
suggest that the focus marker word “#&” (is) may not
be suitable for sentences used in the ASCP. It did not
achieve the desired effect of manipulating the focus, that
is, consistently leading the participants to identify the
action information as the sentence focus.

To investigate whether the null result of Experiment 2
stemmed from low statistical power, we conducted a Bayes-
ian analysis. Some researchers have suggested that Bayes-
ian analysis can be used to explore the degree to which
the data supports the null hypothesis, thereby overcom-
ing the limitation of null hypothesis significance testing
(NHST), which cannot distinguish whether the null result
comes from the absence of the effect or the low statistical
power (Wagenmakers et al., 2011, 2018). The Bayesian
analysis results revealed that the Bayesian factor (BF,)
for the interaction between sentence direction and response
direction was 0.12 in action-focused sentences and it was
0.08 in nonaction-focused sentences. According to the cat-
egorization of BF,, by Wagenmakers et al. (2018), these
results indicate moderate evidence to support the null
hypothesis under the action-focused condition and strong
evidence under the nonaction-focused condition. Based on
these results, we are inclined to infer that the null results
of Experiment 2 might have stemmed from inappropriate

@ Springer



1378

Memory & Cognition (2024) 52:1368-1386

focus manipulation. Therefore, in Experiment 3, we altered
the focus manipulation method to investigate the impact of
sentence focus on the ACE.

Experiment 3: The influence of sentence
focus on the ACE—Manipulation by external
markers

Purpose

Experiment 1 revealed that the focus marker word “7&” (is)
influenced the shape match effect. That is, marking the sub-
ject noun as the sentence focus led to the disappearance of
the shape match effect. However, in Experiment 2, using the
focus marker word “J&” (is) to mark the action information
failed to elicit the ACE. Based on the participants’ perfor-
mance during the experiment and the post hoc question-
naire, we speculate that the negative results in Experiment
2 were due to the ineffectiveness of the focus manipula-
tion. Therefore, in Experiment 3, we manipulated sentence
focus using external markers (italics, underlining, etc.) to
explore the influence of sentence focus on the ACE. Pre-
vious research has demonstrated the effectiveness of this
approach in manipulating sentence focus (Sanford et al.,
2006; Kaldi & Babarczy, 2021). Additionally, this manipu-
lation method does not alter word order, fluency, or sentence
length, ensuring consistency between the current experiment
and the original paradigm and overcoming the shortcoming
of manipulating sentence focus using the focus marker word
“IE (is).

Method
Participants

Similar to Experiment 1, G¥Power analysis indicated that
36 participants would be required. However, considering the
requirement to balance four material lists, four presentation
orders (see Materials for more details), and two response
configurations across participants, the present experiment
planned to recruit 32 participants (1 * 32). Finally, 35 par-
ticipants were recruited from a university in Tianjin, China.
One participant had an accuracy rate below 80% in the sen-
sibility judgment task, and two participants did not follow
the task instructions. The data from these participants were
discarded. Therefore, the final analysis included data from
32 participants (27 females, between 18 and 27 years of age).

Experimental design

A 2 (sentence type: action-focused sentence, nonaction-
focused sentence) X 2 (consistency between sentence
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direction and response direction: consistent, inconsistent)
within-subject design was employed. The dependent variable
was the reading time for the sentence.

Materials

The experimental sentences in Experiment 3 were similar
to those in Experiment 2, with the only difference being
the focused manipulation. Referring to the micromarker
that emphasizes specific text content in Chinese reading
research (He & Mo, 2002; Song et al., 2011), the current
experiment marked the focused information by changing the
font, font size, bolding, and underlining. Specifically, the
focused information was presented in 12 pt SimHei bold
and underlined font, while nonfocused information was pre-
sented in 10 pt SimSun font. Previous eye-tracking studies
have demonstrated that marked content is processed more
deeply by participants, as evidenced by longer gaze dura-
tions, higher fixation frequency, larger pupil diameters, and
shorter saccade distances on marked information (Wang
et al., 2004), consistent with the function of sentence focus.
Therefore, the subject (e.g., “you” in “you kicked the foot-
ball to Jack.”), predicate verb, and object complement (e.g.,
“to Jack”) of action-focused sentences were all marked by
the above marking mean. This is because we believe that
the direction of the sentence in the ASCP is not determined
solely by the predicate verb but by the combination of these
three components. In contrast, no content was marked in
nonaction-focused sentences, as the pilot study demonstrated
that the focus of unmarked sentences was not action-related
information. Examples of sentences for each condition are
shown in Table 3.

To prevent the participants from detecting the experimen-
tal purpose, the present experiment increased the number of
filler sentences to 102. There were 27 sensible sentences, all
with different structures from the experimental sentences.
There were nine sentences with external markers in the mid-
dle of the sentence, nine with external markers at the end of
the sentence, and nine without markers. The remaining 75
filler sentences were all nonsense sentences. Among them,
24 had the same structure as the experimental sentences: six
had external markers at the beginning of the sentence, six
had external markers at the end, and 12 did not have mark-
ers. Additionally, there were 51 nonsense sentences with
different structures from the experimental sentences: 17 had
external markers in the middle of the sentence, 17 had exter-
nal markers at the end, and 17 did not have markers.

Similar to Experiment 2, four lists were created based on
the above materials. Each list comprised 48 experimental
and 102 filler sentences that were evenly distributed between
sensible and nonsense sentences. In addition, each list con-
tains four different presentation orders. For each order, the
condition to which the first experimental sentence read by
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Table 3 Example of sentence for each combination (Experiment 3)

Sentence type X Direction Example

MRZIRIE TR — YUl
Tongtong gave a pizza to you
PRIRLERENE — YL

You gave a pizza to Tongtong
Nonaction-focused sentence—toward ¥ [ I& 25 1k —He 4t %
Tongtong gave a pizza to you
PRIBLE Y — PLi™

You gave a pizza to Tongtong

Action-focused sentence—toward

Action-focused sentence—away

Nonaction-focused sentence—away

The sentences were presented in Chinese in the experiment. Further-
more, due to the grammatical differences between Chinese and Eng-
lish, the three sentence components marked as focused are separated
in English, whereas they are continuous in Chinese

the participant belongs was manipulated, while the other
sentences were presented randomly (e.g., Participant 1 first
read the action-focus—away sentence, Participant 2 first
read the action-focus—toward sentence, Participant 3 first
read the nonaction-focus—away sentence, Participant 4 first
read the nonaction-focus—toward sentence).

Procedure

The procedure was similar to Experiment 2, except the sen-
tences were presented in a pseudorandom order. To avoid the
influence of order effects, the conditions of the first experi-
mental sentence were counterbalanced across participants.

Data analysis

The same analysis plan used for Experiment 2 was used for
Experiment 3.

Results and discussion

The average accuracy of the sensibility judgment task was
90.7%, indicating that participants performed the task accord-
ing to the instructions. Before statistical analysis, the follow-
ing trials were removed: (1) trials that were affected by exter-
nal factors during the experiment (due to keying errors from
the previous trial, which disrupted the reading of subsequent
trials, accounting for 0.13% of all trials); (2) trials with incor-
rect responses (accounting for 8.46% of all trials); (3) trials
exceeding 2.5 standard deviations from the mean reading time
(accounting for 1.30% of all trials); and (4) trials with reading
times exceeding 3,000 ms (accounting for 3.91% of all trials).

The LMM?* for reading time revealed a significant inter-
action between sentence type and consistency, b = —0.021,

4 The final model, in Ime4’s model notation, was rt ~ focus * consist-
ency + (1 | participant) + (1 | item).

SE =0.008, t = —2.65, p = .008, 95% CI [-0.037, —0.005].
Simple effects analysis revealed that in the action-focused
sentence, the reading time of participants was significantly
shorter in the condition where the direction of the response
was consistent with the direction implied by the sentence
compared with the condition where they were inconsistent, b
=—0.053, SE=0.023, r = -2.32, p = .021,95% CI [-0.097,
—0.008]. However, there was no significant difference in the
nonaction-focused sentence, b = 0.032, SE = 0.022, t = 1.42,
p = .156, 95% CI [—-0.012, 0.076]. In addition, the main
effect of the sentence type was significant, b = 0.031, SE =
0.008, t = 3.89, p < .001, 95% CI [0.015, 0.047], and the
reading time for action-focused sentences was significantly
longer than for nonfocused sentences. The main effect of
consistency was not significant, b = —0.005, SE = 0.008, ¢
=-0.65,p =.515,95% CI[-0.021, 0.010].

Similar to Experiment 2, a further LMM analysis® was
conducted with sentence type, sentence direction, response
direction, and their interactions as predictor variables. The
results revealed that all main effects were non-significant
(all ps > .060), but the interaction of the three factors was
significant, b = —0.021, SE = 0.008, t = —2.60, p = .009,
95% CI [-0.036, —0.005]. ACE was examined separately
in action-focused and nonaction-focused sentences to bet-
ter understand the nature of the three-way interaction. For
action-focused sentences, the LMM analysis6 revealed that
the interaction between sentence direction and response
direction was significant, b = —0.027, SE = 0.009, t = —2.91,
p =.007,95% CI [-0.045, —0.009], indicating that when
the sentence direction and response direction were consist-
ent, participants’ reading times were significantly shorter
than in the inconsistent condition (for “yes is near” condi-
tion, toward sentences vs. away sentences: b = —0.058, SE
=0.026, 1 =-2.26, p =.032,95% CI[-0.111, —0.006]; for
“yes is far” condition, toward sentences vs. away sentences:
b =0.050, SE =0.027,t=1.85, p = .075, 95% CI [-0.005,
0.105]). However, for nonaction-focused sentences, the
interaction between sentence direction and response direc-
tion was not significant (b = 0.016, SE =0.015,r=1.07,p =
0.294, 95% CI [-0.013, 0.045]).” These results indicate that
ACE can be observed only in action-focused sentences. The
descriptive results for each condition are presented in Fig. 4.

In conclusion, the present study demonstrated the
impact of sentence focus on ACE, supporting the hypoth-
esis proposed in the introduction. Specifically, the ACE was

3 The final model, in Ime4’s model notation, was rt ~ focus * sdirec-
tion * rdirection + (1 | participant) 4+ (1 | item).

% The final model, in Ime4’s model notation, was rt ~ sdirection * rdi-
rection + (1 4 sdirection | participant) + (1 | item).

7 The final model, in Ime4’s model notation, was rt ~ sdirection * rdi-
rection + (1 + sdirection | participant) + (1 | item).
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Fig.4 The descriptive results for each experimental condition in the Experiment 3

observed only when action-related information was the sen-
tence focus. In contrast, when there were no external mark-
ers in the sentence, the action-related information could not
stably become the focus, making it difficult to find the ACE.

General discussion

The present study conducted a series of experiments to
investigate the influence of sentence focus on mental simu-
lation with the aim of uncovering the reasons for the rep-
lication failures of the ACE reported in recent studies. A
pilot experiment revealed more significant interindividual
variability for the focus of sentences used in the ASCP com-
pared with it-cleft sentences and those used in the SPVT.
Based upon this finding, Experiments 1 and 2 manipulated
the sentence focus using the focus marker word “/&” (is) to
further explore how the shape match effect and the ACE are
influenced by sentence focus. Experiment 1 found that the
shape match effect occurred only in object noun-focused
sentences (original sentences), while it disappeared when
the sentence focus was changed to the subject noun. How-
ever, Experiment 2 found no ACE regardless of whether the
action information was the sentence focus. Experiment 3
used an external marker (the font and font size of the focused
information were modified, and the focused information was
bolded and underlined) to manipulate sentence focus. The
results revealed that the ACE was observed only when the
action-related information was the focus. Taken together,
these findings suggest that sentence focus may influence the
generation of mental simulation. In language comprehen-
sion, only the focused information is mentally simulated.
The instability of the ACE reported in previous studies is
likely because action information does not usually become
the sentence focus during reading comprehension.
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Sentence focus affects mental simulation

The influence of sentence focus on the ACE or shape match
effect in sentence comprehension may be related to its asso-
ciation with deeper semantic processing. The generation of
the ACE or shape match effect is attributed to the activation of
motion direction or object perceptual features during sentence
comprehension. This simulation interacts with actual motion
or perception processes, influencing participants’ reaction
times in the task (Glenberg & Kaschak, 2002; Stanfield &
Zwaan, 2001). Moreover, as mentioned in the introduction,
deep information processing is likely necessary for simula-
tion generation. Therefore, the influence of sentence focus
on the ACE and shape match effect may be explained by its
impact on the depth of information processing, which fur-
ther affects the occurrence of action/perception simulation.
This assumption is consistent with the findings of studies
on focused information processing. Qi (2012) proposed that
focused information is the most prominent part of the dis-
course. He used a “theater metaphor” to illustrate the role of
focus in the cognitive structure: “From the linguistic perspec-
tive, verbal activities are like a play, and focus is the spotlight
on the stage. Its function is to illuminate a certain part of the
stage. The speaker is the director of this play, deciding where
the light shines.” In other words, the function of focus is to
draw readers’ attention to the most essential information in
the language and to engage in deeper processing of focused
information. Empirical studies on focused information pro-
cessing also support this view. For example, eye-tracking and
event-related potentials (ERPs) studies have found that people
allocate more attention to focused information during reading
and that focused information is encoded and integrated at a
deeper level (Birch & Rayner, 1997; Kéldi & Babarczy, 2021;
Lowder & Gordon, 2015; Yang et al., 2018).
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Another line of research that is highly relevant to our
findings is the investigation of sentence focus using change
detection tasks. A key finding from these studies is that
under conditions of near semantic distance (i.e., when the
information is replaced with semantically similar informa-
tion), changes are more easily detected when the altered
information is the sentence focus (Sanford et al., 2006,
2009; Sturt et al., 2004). Sturt et al. (2004) argued that this
finding supports the concept of “good enough representa-
tion” proposed by Ferreira et al. (2002), which suggests that
language processing does not always construct a rich and
detailed semantic representation. Instead, people often rely
on a set of rapid and heuristic strategies to understand the
meaning of sentences, creating a “good enough representa-
tion” corresponding to the task demands. Based on their
research, Sturt et al. (2004) proposed that the focus is also
an important influencing factor that modulates the level
of semantic representation. During language processing,
focused information is more likely to be engaged in deeper
processing, resulting in a more detailed semantic representa-
tion. Therefore, changes in the focused information are more
easily detected. Importantly, Kaschak and Madden (2021)
suggested that if readers employ only a “good enough repre-
sentation” processing strategy during language comprehen-
sion, there may be no need to engage in mental simulation.
Simulation processes are only engaged when a more detailed
representation is required. Additionally, studies have found
that mental simulation in sentence comprehension could
facilitate the detection of picture changes (Holman & Girba,
2019). Based on these research findings, we propose that the
difference in the level of semantic representation between
focused and nonfocused information, as observed by Sturt
et al. (2004), may be attributed to the differences in mental
simulation processes. The richer and more detailed seman-
tic representation of focused information may correspond
to the sensorimotor experiences activated during mental
simulation.

In summary, the present study suggests that readers need
to engage in deep processing and more detailed representa-
tion of action/perception information only when it is the sen-
tence focus. This processing and representation require sup-
port from the simulation system, leading to the activation of
motion direction or object shape features and the emergence of
the ACE or shape match effect. Conversely, when the action/
perception information is not the sentence focus, it may be
shallowly processed and coarsely represented without the
involvement of the simulation system. As a result, the motion
direction features/object shape features would not be activated,
and the ACE or shape match effect would not occur. Combined
with the pilot experiment results, it can be inferred that the
instability of the sentence focus is one of the reasons for the
instability of ACE in the previous study. However, it is essen-
tial to claim that we did not consider the sentence focus to be

the exclusive cause, as replicability crises are not limited to the
ACE but appear to affect the embodiment literature in general.
In fact, some studies have not even used sentences as research
material, and thus, the unstable results cannot be attributed to
the sentence focus. For instance, in recent years, researchers
have attempted to replicate important effects in the field of
embodied cognition, such as the attentional spatial-numerical
association of response codes (SNARC) effect (Fischer et al.,
2003) and the motor interference effect on action verb memory
(Shebani & Pulvermiiller, 2013). Despite using larger sample
sizes, similar to the replication studies of ACE, they encoun-
tered replication failures (Colling et al., 2020; Montero-Melis
et al., 2022). Additionally, Saccone et al. (2021) also failed to
replicate the motor interference effect in tool naming discov-
ered by Witt et al. (2010). More importantly, Witt et al. (2020)
reanalyzed their data after learning that their results could not
be replicated, finding that their previous results were merely
the by-product of the analysis pipeline. Furthermore, meta-
analysis works on motor cortex stimulation studies during the
comprehension of action language found that these studies are
quite underpowered (20%—-30%), suggesting that a large per-
centage of studies included could not be replicated, and these
studies also exhibited publication bias (Solana & Santiago,
2022, 2023). These results mean that the replicability crisis is
widespread in the field of embodied cognition, and nonoptimal
research practices should also contribute to the low reproduc-
ibility, such as (1) the flexibility in data collection, analysis,
and reporting; (2) the use of insufficient sample sizes; and
(3) the selective publication of positive results. Additionally,
Kaschak and Madden (2021) proposed that the ambiguity of
embodied cognitive theories in language comprehension may
cause the low replicability of studies. In conclusion, the insta-
bility of research results may stem from the combined effects
of multiple factors. More crucially, all the factors mentioned
above may also be present in ACE studies. Therefore, it must
be emphasized that the low reliability of ACE is likely derived
from multiple factors working together, and the instability of
the sentence focus is just one of the reasons.

The present study aligns with previous research on the flex-
ibility of mental simulation during language comprehension.
To our knowledge, research on mental simulation flexibility
primarily focuses on tense and task factors. First, the influence
of tense on the match effect and the ACE has been revealed by
several studies. For example, Kang et al. (2020) found that the
match effect disappears when sentences are presented in the
future tense. Other studies have found the ACE only in present
progressive tense sentences but not when the sentence is in
perfect tense (Bergen & Wheeler, 2010; Liu & Bergen, 2016).
Second, the influence of task factors on mental simulation has
been supported by numerous studies (Gilead et al., 2016; Hoe-
demaker & Gordon, 2014; Huettig et al., 2020; Lebois et al.,
2015; Van Dam et al., 2012). For instance, Van Dam et al.
(2012) found a significant increase in motor cortical activation
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only when participants were required to consider the action-
related features of the concept. Similarly, Gilead et al. (2016)
found that reading action phrases increased excitability in the
sensorimotor area when participants were asked to consider
“how to perform this action” but activated the default network
when participants were asked to consider “why fo perform
this action.” More surprisingly, the “indirect action demand”
implied by the current context can activate the motor cortex,
even in the absence of action information in the sentence (Van
Ackeren et al., 2012). Integrating our findings with existing
research on the flexibility of mental simulation, we posit that
the impact of tense and task factors on mental simulation may
share a common mechanism with sentence focus. These fac-
tors highlight specific aspects of language, directing readers to
allocate more attention to it and resulting in deeper processing
and more refined representations of the relevant information.
The corresponding sensorimotor experiences may thus be acti-
vated. For instance, the present progressive tense emphasizes
the process of motion, leading to the activation of relevant
motor experiences and the occurrence of the ACE. Con-
versely, the present (or past) perfect tense highlights the result
of motion, which likely prompts perceptual representations of
motion outcomes; thus, the ACE would not occur. Likewise,
studies on task factors indicate that the sensorimotor cortex
is activated only when the task demand or context explicitly
emphasizes action-related information. However, this hypoth-
esis and the more precise mechanisms of this process must be
explored with new experimental designs in the future.

Theoretical implication

According to different views on the importance of embodied
representation in language understanding, Meteyard et al. (2012)
divided embodied theory into “strong embodied” theory and
“weak embodied” theory (as elaborated in the introduction, the
“strong embodiment” theory posits that language comprehen-
sion relies entirely on sensorimotor experience, while the “weak
embodiment” theory suggests that language processes are flex-
ible, with sensorimotor experience conditionally involved in lan-
guage comprehension). So far, a substantial body of behavioral
and neuroimaging research has provided evidence for the flex-
ibility of sensorimotor representation in language comprehen-
sion, such as the findings that tense and task factors may affect
mental simulation. These findings indicate that sensorimotor
representations are not necessary for language comprehension,
thus supporting the “weak embodiment” theory.

Our finding that sentence focus influences the ACE or
shape match effects extends the view of the flexibility of
sensorimotor representations in language comprehension
and the content of the “weak embodiment” theory. The sen-
tence focus differs fundamentally from tense and task fac-
tors. First, task demand or context refers to factors beyond
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language and emphasizes the impact of external factors on
the current process of language comprehension. Second,
while tense is a linguistic feature, it is only a grammati-
cal aspect. In contrast, the focus represents the information
structure of the sentence and highlights a specific compo-
nent, directing readers’ attention to that component (Wang
et al., 2014). Therefore, the two factors are fundamentally
distinct. Based on the above, the present study provides the
first evidence that the linguistic structure is also an important
factor that needs to be considered in the flexibility of mental
simulation, offering a significant complement to the “weak
embodiment” theory.

Limitations and future research

Firstly, it is essential to note some limitations of the SPVT
and ASCP. (1) Neither task directly reflects the activity
of the sensorimotor system in language comprehension.
Therefore, some researchers have questioned whether the
match effect and ACE can serve as evidence for embodied
language processing because they can also be explained
from amodal, nonembodied views. For example, Ostarek
and Huettig (2019) suggested that participants may extract
abstract shape information about objects during sen-
tence—picture verification tasks, leading to the observed
match effect, which is unrelated to the sensorimotor sys-
tem. Mahon and Caramazza (2008) proposed that both the
match effect and ACE are more related to decision mecha-
nisms rather than directly representing the activation of the
sensorimotor system. Even Ostarek et al. (2019) found that
there is no causal relationship between perceptual simula-
tion and the match effect in the sentence—picture verifica-
tion paradigm. Taking these considerations into account, the
present study seems to only conclusively establish the influ-
ence of sentence focus on the match effect and ACE. Still,
more objective and direct evidence is needed to determine
whether sentence focus influences the activity of the sen-
sorimotor system in language comprehension. (2) In both
tasks, participants engaged in picture judgment or action
execution after the sentence processing, thus they cannot
reveal when the language system and the sensorimotor sys-
tem interact, making it difficult to confirm whether senso-
rimotor recruitment is a necessary component or merely
a byproduct in the language comprehension (Mahon &
Caramazza, 2008). Considering these two issues, future
research using high temporal resolution techniques such as
EEG (de Vega et al., 2021; van Elk et al., 2010) and sSEMG
(Fino et al., 2016; Galvez-Garcia et al., 2020) to investigate
the influence of sentence focus on the activity of the sen-
sorimotor system is highly appropriate. However, it should
be noted that although these techniques can provide direct
and objective metrics of sensorimotor system activation and
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answer questions about when the language and sensorimo-
tor systems interact, they neither provide strong evidence
for embodiment. This is because their results are merely
correlational, meaning that one cannot assert that senso-
rimotor activation is caused by language comprehension.
Therefore, in future research, employing causal methods
such as brain lesions or brain stimulation techniques (for a
review, see Ostarek & Bottini, 2021) to explore the causal
relationship of the sensorimotor system with language com-
prehension is essential. This approach can provide decisive
evidence for the embodiment view.

Secondly, the ACE observed under the action-focused
sentences can also be interpreted from the perspective
of motor imagery in Experiment 3. According to the
perspective of motor imagery, external marking action
information may encourage the participants to explicitly
imagine the actions, thereby facilitating them to respond
in the imagined direction. Based on this interpretation,
the null results of Experiment 2 may also be related to the
focus marker word “&” (is) failing to prompt participants
to imagine action content actively. If so, the instability of
ACE may be related to whether the participant voluntarily
imagines the actions described in language. According
to this explanation, the activation of the motor system
should involve active imagery after language processing
is completed, not as part of the language comprehension
process; thereby, the ACE cannot be regarded as evidence
supporting the embodiment view (Mahon & Caramazza,
2008). In fact, the match effect can also be explained from
the perspective of mental imagery, but to some extent,
Pecher et al. (2009) ruled out this possibility by employ-
ing a delayed SPVT. While no direct evidence can rule
out the mental imagery explanation of ACE, the ASCP is
less susceptible to task settings compared with the SPVT
(in the SPVT, participants are required to directly com-
pare the content of the sentence with that of the picture,
which may prompt them to engage in mental imagery,
whereas in the ASCP, participants are only required to
judge the sensibility of the sentence, which is entirely
unrelated to the action direction), and some previous stud-
ies have considered ACE as having evidence supporting
action simulation (Bergen & Wheeler, 2010; Borreggine
& Kaschak, 2006; Glenberg & Kaschak, 2002; Glenberg
et al., 2008; Van Dam & Desai, 2017), so we are more
inclined to interpret the ACE in action-focused sentences
from the perspective of mental simulation. Meanwhile, we
believe it is essential to compare the cortical motor areas
involved in action-focused sentence comprehension and
motor imagery tasks in future research, as it can distin-
guish between the mental simulation and mental imagery
explanations of ACE.

Conclusion

Mental simulation may be influenced by sentence focus,
in which only the focused information has the potential to
be simulated in language comprehension. This finding not
only suggests that the instability of the ACE in previous
studies may be attributed to the instability of sentence
focus but also highlights the flexibility of embodied rep-
resentations, supporting the “weak embodiment” theory.
Moreover, the results of the present study demonstrate
the impact of the hierarchical structure of language itself
on mental simulation, indicating that the key to mentally
simulating specific information may lie in whether read-
ers identify it as the sentence focus. In conclusion, the
results of the present study extend the “weak embodi-
ment” theory.
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