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Abstract
Action representation of man-made tools consists of two subtypes: structural action representation concerning how to grasp an 
object, and functional action representation concerning the skilled use of an object. Compared to structural action representa-
tion, functional action representation plays the dominant role in fine-grained (i.e., basic level) object recognition. However, it 
remains unclear whether the two types of action representation are involved differently in the coarse semantic processing in 
which the object is recognized at a superordinate level (i.e., living/non-living). Here we conducted three experiments using the 
priming paradigm, in which video clips displaying structural and functional action hand gestures were used as prime stimuli 
and grayscale photos of man-made tools were used as target stimuli. Participants recognized the target objects at the basic 
level in Experiment 1 (i.e., naming task) and at the superordinate level in Experiments 2 and 3 (i.e., categorization task). We 
observed a significant priming effect for functional action prime-target pairs only in the naming task. In contrast, no priming 
effect was found in either the naming or the categorization task for the structural action prime-target pairs (Experiment 2), 
even when the categorization task was preceded by a preliminary action imitation of the prime gestures (Experiment 3). Our 
results suggest that only functional action information is retrieved during fine-grained object processing. In contrast, coarse 
semantic processing does not require the integration of either structural or functional action information.
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Introduction

How are object concepts represented in the human brain? 
Over the past few decades, we have witnessed an accumula-
tion of evidence for the role of sensory and motor systems 
in conceptual representation. Many semantic theories share 
the assumption that object conceptual processing depends 
on a hierarchical structure: Modality-specific information is 
progressively integrated into a more modality-independent 
representation (Patterson et al., 2007). For manipulable 
objects, such as man-made tools, accumulating evidence 
indicates that action information plays a role in the concep-
tual representation (Helbig et al., 2006; Symes et al., 2008; 
Vainio et al., 2008).

The dominant role of functional action 
representation in object recognition

For manipulable objects, we can either grasp-then-move 
(structural action) them or use them to fulfill their func-
tions (functional action). It often occurs that the manner of 
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grasping an object (e.g., gripping a calculator) could be 
very different from the manner of using it (e.g., pressing its 
buttons) (Binkofski & Buxbaum, 2013; Buxbaum & Kalé-
nine, 2010; Buxbaum et al., 2006). A number of studies have 
demonstrated the functional distinctions between the two 
types of action representation, based on which Buxbaum and 
Kalénine (2010) proposed the Two Action Systems (2AS) 
Theory. Under the 2AS Theory, structural action representa-
tion relies on processing online-input structural properties 
(e.g., size, shape, orientation, weight). Its activation is fast-
rising and rapidly decaying. In contrast, functional action 
representation relies on retrieving object features stored in 
the long-term memory. As a result, its activation arises more 
slowly and is sustained for longer (Lee et al., 2013, 2018; 
Sakreida et al., 2016).

Previous studies have indicated that functional action rep-
resentation plays a dominant role in recognition of manipu-
lable objects as compared with structural action representa-
tion. Behavioral studies using the priming paradigm showed 
that the priming effect was more robust for functional than 
structural action in the fine-grained object processing (Ni 
et al., 2019a). The execution of functional but not structural 
action was facilitated by the preceding object name associ-
ated with a congruent action (Bub & Masson, 2012; Bub 
et al., 2008; Masson et al., 2008). Furthermore, eye-tracking 
(Lee et al., 2013) and event-related potential (ERP) (Lee 
et al., 2018) studies found that the activation of functional 
action representation arose more slowly but was sustained 
for longer than that of structural action representation, sug-
gesting that the retrieval of functional action knowledge 
requires retrieving information from the semantic memory. 
However, these studies supporting the dominant role of func-
tional action representation focused on fine-grained semantic 
processing, i.e., naming an object at its basic level. The roles 
of the two types of action representation in coarse semantic 
processing remain to be elucidated.

Coarse and fine‑grained semantic processing 
of object concepts

According to the distributed model account, concepts are 
composed of features that vary in their distinctiveness. When 
only less-distinctive (shared) features are accessed, objects 
can be recognized at a superordinate level, indicative of coarse 
semantic processing. In contrast, when the more-distinctive 
features are accessed, objects can be recognized at a basic 
level, indicative of fine-grained semantic processing (McRae 
et al., 2005; Taylor et al., 2011, 2012). Behavioral evidence 
showed that the less-distinctive and more-distinctive features 
facilitated object categorization and naming, respectively 
(Taylor et  al., 2012). Moreover, neuroimaging studies 
showed that the less-distinctive features were represented in 
the posterior ventral stream at the early processing stage, and 

the more-distinctive features were represented in the anterior 
ventral stream at the late processing stage (Clarke, 2015; 
Clarke et al., 2013; Tyler et al., 2013). Therefore, conceptual 
processing progresses from a coarse to a fine-grained analysis 
(Clarke et al., 2013; Taylor et al., 2012). The goal of coarse 
processing is to recognize an object as a member of a 
category. In contrast, the goal of fine-grained processing is to 
recognize an object as a specific object.

Are the two types of action representation involved 
in coarse semantic processing?

Functional action is a more distinctive feature as it is shared 
only by a limited number of objects. For example, the ges-
ture “typing” is a distinctive and diagnostic feature of a key-
board. Thus, functional action representation might not be 
involved in coarse semantic processing that requires access-
ing only less-distinctive features (Clarke et al., 2015; McRae 
et al., 2005).

We considered two possibilities regarding the role of 
structural action in coarse semantic processing. The first 
possibility is that structural action representation is only 
involved in the coarse semantic processing because struc-
tural actions tend to be shared by a larger number of objects 
(e.g., we hold a bat and a hammer with the same grasping 
action). This hypothesis is supported by studies showing 
that structural gestures facilitated the categorization of target 
objects associated with similar structural gestures (Borghi 
et al., 2007; Godard et al., 2019; Vainio et al., 2008). How-
ever, the interpretation of the priming effect in these studies 
is still in dispute. Borghi et al. (2007) found that the struc-
tural action priming effect was observed only after prelimi-
nary motor training about gestures. More evidence is needed 
to support the notion that structural action representation is 
involved in semantic processing where no motor response 
is required. Vainio et al. (2008) displayed a series of hand 
gesture photos to create dynamic grasping gestures, with 
the last one being partially transparent and superimposed 
on the target object. Therefore, the priming effect observed 
in this study could be caused by visual interference between 
the gesture and the object images rather than the facilita-
tion of structural action representation. Godard et al. (2019) 
reported that a congruent grasping action facilitated the cat-
egorization of manipulable artificial but not natural objects. 
The result was interpreted as indicating that the grasping 
action primes facilitated the recognition of artificial objects 
by activating their associated functional action representa-
tions. However, the conclusion is premature without disen-
tangling structural and functional actions.

An alternative hypothesis is that structural action repre-
sentation is not involved in any stages of semantic process-
ing. Instead of being part of the conceptual representation, 
the structural action is more likely to be an instance of 
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affordance offered by objects in the current context and 
perceived directly, thus requiring no pre-existing knowl-
edge (Chong & Proctor, 2020; Gibson, 1979).

Present study

The present study aimed to dissociate the roles of struc-
tural and functional action representations in object nam-
ing (fine-grained semantic processing) and object catego-
rization (coarse semantic processing). Using a priming 
paradigm, we tested whether object naming (Experiment 
1) and object categorization (Experiment 2) can be influ-
enced by a preceding hand gesture. To enhance the poten-
tial priming effect, we asked participants to imitate the 
priming gestures before performing the categorization task 
in Experiment 3.

Method

Power analysis

We performed a simulation-based power analysis to estimate 
the sample size required to detect the main effect of action 
congruency and the interaction between action type and 
action congruency. We used mixedpower R package (Kumle 
et al., 2021) on the data published in our prior study (Ni 
et al., 2019a, Experiment 3). This experiment presented a 
prime gesture and a target object sequentially and found a 
significant main effect of action congruency and a significant 
interaction between action congruency and action type. We 
first fitted the linear mixed model on the data, where action 
type, action congruency, and their interaction were fixed 
effects, and the random intercepts of participants and items 
were included. We then estimated the power on a range of 
different sample sizes (i.e., 18, 24, 32, 36, 48) using the 
function R2power(), which allows us to simulate sample 
sizes for one random variable (i.e., items whose number was 
42) and simultaneously change the level of another random 
variable (i.e., participants). We defined a t-value of 2 as the 
threshold of significance (Baayen et al., 2008). The simula-
tion process was run with 1,000 repetitions. Apart from data-
based simulation, we also determined the smallest effect size 
of interest (SESOI) by reducing all beta coefficients for fixed 
effects by 15%. We adopted a strategy resulting in > 80% 
power for the interested effects (i.e., the main effect of action 
type and the interaction between action type and action con-
gruency). Data-based simulation suggested that we would 
need at least 24 participants to detect the interested effects, 
and SESOI simulation suggested that we would need at least 
30 participants to detect the interested effects.

Participants

Eighty-four undergraduate and graduate students (average 
age 21.3 ± 2 years, 50 females), naïve to the experiment 
purpose, participated in the present study (Experiment 1: 
30 participants, average age 21.3 ± 2.2 years, 16 females; 
Experiment 2: 30 participants, average age 21.4 ± 2.6 years, 
19 females; Experiment 3: 24 participants, average age 21.3 
± 2.3 years, 15 females). All participants had a normal or 
corrected-to-normal vision and were right-handed. Each par-
ticipant only participated in one of the three experiments. 
They gave informed consent before the experiment and were 
paid after they completed the experiment. The study adhered 
to the tenets of the Declaration of Helsinki and was approved 
by the Institutional Review Board of the Institute of Psychol-
ogy, Chinese Academy of Sciences.

Stimuli and design

Stimuli  Priming stimuli were 45 movie clips (1,280 × 720 
pixels) with a duration of 2,500 ms, including 11 depicting 
structural gestures and 34 depicting functional gestures. All 
the movie clips showed a right hand performing an action to 
use (functional action) or grasp (structural action) an unseen 
object in front of a white background. We invited a female 
hand model to mimic structural or functional actions towards 
target objects and recorded her hand actions using a camera. 
As opposed to our prior study (Ni et al., 2019a) and others 
(Borghi et al., 2007; Godard et al., 2019; Vainio et al., 2008) 
that used only two structural gestures (i.e., power and precise 
grasp gestures), we used 11 structural gestures. Specifically, 
structural gestures in the present study matched the objects 
in their volume, shape, orientation, and weight. Structural 
gestures included power grasp gestures with palm down/
inward (suitable for grasping large round objects), handle-
grasp gestures with palm down/forward/inward (suitable for 
grasping large elongated objects), precise grasp gestures 
with palm down/inward (suitable for grasping small objects), 
a power book-hold gesture with palm inward (suitable for 
holding heavy flat objects), a precise book-hold gesture 
with palm inward (suitable for holding light flat objects), a 
pillar-grasp gesture with palms of two hands inward (suit-
able for lifting heavy cylindrical objects), and a lift gesture 
with two hands (suitable for lifting heavy large objects). The 
functional gestures were more varied in two aspects than 
those in our prior study (Ni et al., 2019a). First, besides 
one-hand gestures, the functional gestures depicted in movie 
clips contained two-hand gestures, such as fluting and typ-
ing. These gestures were suitable for objects requiring two 
hands to manipulate, such as the flute and keyboard. Second, 
our functional gestures were more distinctive and closely 
matched with the target objects. For example, in our prior 
study (Ni et al., 2019a), the bottle opener and compass were 
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paired with identical functional gestures, i.e., twisting the 
unseen object with the thumb, index finger, and middle fin-
ger. We paired the bottle opener and compass with similar 
but different functional gestures to account for the differ-
ence in thickness between the top parts of the two objects. 
Specifically, we used a twisting gesture for both objects, but 
in the gesture paired with the bottle opener, the distance 
between the thumb and index finger was farther apart than 
in the gesture paired with the compass (see details in the 
Online Supplementary Materials (OSM)).

The target stimuli were 42 man-made tool photos selected 
from the China Image Set (Ni et al. 2019b) and trans-
formed into grayscale images. All stimuli were displayed 
on a CRT screen with a resolution of 1,024 × 768 at a 
refresh rate of 100 Hz. The priming videos were presented 
with an average visual angle of 13.29° horizontally and 
7.44° vertically. The target object photos were presented 
with an average visual angle of 6.6° at a viewing distance 
of 85 cm.

Design  We paired each target object (e.g., a calculator) with 
a congruent (grasping) and an incongruent (pinching) struc-
tural action, as well as a congruent (pressing with index 
finger) and an incongruent (hammering) functional action. 
Thus, there were a total of 84 structural prime-target pairs 
that were divided into four blocks (two blocks contained 22 
trials and another two blocks contained 20 trials) and a total 
of 84 functional prime-target pairs that were also divided 
into four blocks (two blocks contained 22 trials and another 
two blocks contained 20 trials).

In each block, half of the pairs were (functional or struc-
tural) action congruent and the other half were action incon-
gruent. To prevent observers from seeing an object twice 
within the same block, we paired each target object with a 
congruent action in one block and an incongruent action in 
another. Prime-target pairs in each block were randomly pre-
sented. Each block comprised only one type of (structural or 
functional) action pairs. Half of the participants completed 

the four structural action blocks first, with the other half 
completing the four functional action blocks first.

Action congruency ratings  Thirty participants who did 
not participate in Experiments 1–3 rated the structural and 
functional action congruency of the prime-target pairs on a 
6-point Likert scale, in which “1” indicated a poor match 
between the structural/functional gestures displayed in the 
movie clip and the action implied by the target object, and 
“6” indicated a perfect match between them. As expected, 
the congruency rating was significantly higher for the con-
gruent (4.71 ± 0.635) than the incongruent (2.20 ± 0.837) 
structural action target-prime pairs, t(1,41) = 14.467, p < 
0.001. It was also significantly higher for the congruent than 
the incongruent functional action prime-target pairs, t(1,41) 
= 54.623, p < 0.001 (see Fig. 1).

We conducted two additional norming experiments 
with participants who had not previously taken part in the 
action congruency rating. Seventeen participants (19.4 ± 
0.94 years of age, 15 females) rated the similarity between 
target objects’ congruent structural and functional gestures 
on a 6-point Likert scale (“1” = low similarity; “6” = high 
similarity). The results showed that the average similarity of 
target objects' congruent structural and functional gestures 
was very low (1.88 ± 0.46), indicating that the object's con-
gruent functional gestures were distinct from their congruent 
structural gestures. Sixteen participants (19.8 ± 2.54 years 
of age, 15 females, nine of them also participated in the 
first norming experiment) rated to what extent a gesture was 
to grasp or to use an object on a 6-point Likert scale (“1” 
= absolutely not to grasp/use an object; “6” = definitely 
to grasp/use an object). Structural gestures scored high on 
the to-grasp dimension (5.44 ± 0.24) but low on the to-use 
dimension (2.43 ± 0.36). The results were reversed for the 
functional gestures (to-grasp dimension: 2.4 ± 1.037; to-use 
dimension: 5.1 ± 0.83) (see details in OSM).

Natural object filler trials  In the categorization task of 
Experiments 2 and 3, we added an equal number of filler 

Fig. 1   Example pairs of target objects and their corresponding con-
gruent vs. incongruent functional and structural action hand gestures 
and their action congruency ratings. (mean ± standard deviation). 

The congruency rating was significantly higher for congruent than 
incongruent functional and structural action prime-target pairs
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pairs in which the targets were replaced with 42 natural 
objects (i.e., vegetables and fruits). These natural object pho-
tos were also selected from the China Image Set (Ni et al. 
2019b) and transformed into grayscale images. Each natural 
target object was paired with four priming stimuli: two struc-
tural actions and two functional actions. The priming stimuli 
were the same set of action movie clips from Experiment 
1. In addition, the movie clips were randomly paired with 
natural object photos. Each movie clip was paired with the 
natural target objects with the same frequency as they were 
paired with the man-made target objects.

Thus, in Experiments 2 and 3, there were a total of 168 
structural prime-target pairs (half were filler pairs) that were 
divided into four blocks (two blocks contained 44 trials and 
another two contained 40 trials) and a total of 168 func-
tional prime-target pairs (half were filler pairs) that were 
also divided into four blocks (two blocks contained 44 trials 
and another two contained 40 trials).

Procedure

The trial procedure was similar to our prior study (Ni et al., 
2019a). Each trial began with a fixation cross shown on the 
screen center for 500 ms. The priming video was then pre-
sented for 2,500 ms and replaced by a blank screen of 70 
ms. A target object was then displayed for 80 ms and imme-
diately replaced by a white noise mask (see Fig. 2). Partici-
pants were asked to respond once they saw the target object.

In Experiment 1, participants were asked to vocally name 
the target objects as quickly and accurately as possible. 
Naming latencies were recorded by a voice key of E-prime 
2.0 automatically. The experimenter recorded the naming 
accuracy with a button box connected to the computer. Par-
ticipants were reminded to refrain from producing any mean-
ingless sounds that may trigger the voice key, which could 
result in invalid response latencies.

In Experiments 2 and 3, participants were asked to judge 
whether the target object was man-made or natural by 
pressing the corresponding key as quickly and accurately 
as possible. Half of the participants pressed the left and the 

right button to report man-made and natural target objects, 
respectively, and the other half responded with the opposite 
hand-to-category arrangement. Reaction times and accuracy 
were recorded using E-prime 2.0.

In addition, Experiment 3 began with an action imitation 
task, in which participants imitated all the functional and 
structural hand actions that were later displayed in the prim-
ing videos. Specifically, participants first watched each ran-
domly presented movie clip depicting a hand action and then 
imitated it without time pressure. The experimenter provided 
standard oral instructions to ensure accurate imitations and 
corrected their actions if necessary. The oral instructions did 
not contain any information on the experiment's purpose or 
the experimental stimuli.

Before the formal experiment, participants named 
(Experiment 1) or categorized (Experiments 2 and 3) all 
the target objects twice with feedback to ensure they were 
familiarized with the target objects and could recognize and 
name them correctly. To familiarize participants with the 
trial procedure, they also completed ten (Experiment 1) or 
20 (Experiments 2 and 3) practice trials in which the target 
objects were not included in the experiment. No feedback 
was given in the experiment session. The three experi-
ments took approximately 30, 45, and 55 min to complete, 
respectively.

Data analysis

For each participant’s data, we removed trials with wrong 
responses (Experiment 1: 4.35%; Experiment 2: 2.16%; 
Experiment 3: 1.98%), trials with responses triggered by 
meaningless sounds (only in Experiment 1, 0.06%), and tri-
als with reaction times (RTs) below and above three stand-
ard deviations (Experiment 1: 1.47%; Experiment 2: 2.03%; 
Experiment 3: 1.76%) of the average response latency. We 
only analyzed RTs, as the accuracy of each participant 
reached the ceiling (over 90%) in the three experiments. In 
addition, since natural target objects were randomly paired 
with movie clips regardless of their action congruency, these 
filler trials in Experiments 2 and 3 were removed from the 
following analysis.

Fig. 2   Trial procedure. Each trial started with a fixation cross for 
500 ms, followed by a priming hand gesture presented for 2,500 ms 
and then replaced by a blank screen of 70 ms. A target object was 
then presented for 80 ms and then replaced by a white noise mask. In 
Experiment 1, participants were required to speak out the name of the 

target object. In Experiments 2 and 3, participants were required to 
judge whether the target object was a man-made or natural object by 
pressing the corresponding keys on a reaction box. Participants were 
asked to respond as quickly and accurately as possible once the target 
appeared on the screen
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We fitted the linear mixed-effects (LME) model to RTs. 
The model included action type (structural and functional 
action), action congruency (congruent and incongruent), 
task (naming and categorization), and their interaction as 
fixed effects, and participants and items (target objects) as 
random effects. Action type and action congruency were 
within-subject factors, and task was a between-subject fac-
tor. To test the fixed effect of task, we fitted one model to 
data from Experiments 1 (naming task) and 2 (categorization 
task) jointly, and another model to data from Experiments 1 
and 3 (categorization task with a preliminary gesture imita-
tion) jointly. In addition, since the difference in action con-
gruency rating score between the congruent and incongruent 
structural gesture-target pairs was smaller than that of the 
functional gesture-target pairs, we added the fixed effect of 
action congruency rating score in the LME model to control 
for the potential confounding effect of the rating score.

We used the packages lmerTest (Kuznetsova et al., 2017) 
and emmeans (Lenth et al., 2019) in R Project for Statisti-
cal Computing environment, Version 4.1.2 (R Core Team, 
2021). The LME analysis was carried out with lmer() func-
tion using restricted maximum likelihood. Models included 
random intercepts of participants and items. Random slopes 
were not included in models because they led to convergence 
issues. We used emmeans() function for further simple effect 
tests. The R code for all analyses can be found in Text S1 in 
the supplementary materials.

Results and discussion

LME for data in Experiments 1 and 2

There were significant fixed effects of action type (β = 
-63.939, SE = 11.085, t = -5.768, p < .001) and task (β = 
203.742, SE = 38.623, t = 5.275, p < .001). However, the 
fixed effects of action congruency (β = 16.078, SE = 23.971, 
t = 0.671, p = .502) and action congruency rating score (β 
= 2.402, SE = 5.048, t = 0.476, p = .634) were not sig-
nificant. In addition, the fixed effect of interaction between 
task, action type, and action congruency was significant (β 
= -50.449, SE = 20.880, t = -2.416, p = .016). The results 
of simple effect tests (Table 1) showed that in the naming 
task, the responses to objects paired with congruent func-
tional gestures were faster than responses to objects paired 
with incongruent functional gestures (Fig. 3). In contrast, the 
naming responses to objects were not influenced by struc-
tural gestures. Moreover, neither structural nor functional 
gestures influenced the responses to objects in the categori-
zation task (Fig. 4, left panel).

In the categorization task, the responses were slower 
when the target objects were paired with functional than 
structural gestures (β = 67.62, SE = 7.36, t = 9.190, p < 

.001). In contrast, there was no difference in the latency of 
naming the target objects paired with structural and func-
tional gestures (β = 7.39, SE = 7.45, t = 0.993, p = .321).

To explore whether the slower response to objects 
paired with functional gestures in the categorization 
task was due to the action representation, we fitted the 
LME model to RTs from natural object filler trials. The 
model included action type as the fixed factor and par-
ticipants and items as the independent random effects on 
the intercept. The analysis showed that the categorization 
responses were still significantly slower to natural objects 
paired with functional than structural gestures, even 
though these natural objects were unrelated to the struc-
tural and functional gestures (β = -42.512, SE = 5.518, t 
= -7.705, p < .001) (Fig. 4, right panel). We hypothesized 
that the slower response to the functional action prime-
target pairs may be attributed to a stronger forward mask-
ing effect caused by the functional action movies that con-
tained more complex visual features (Alam et al., 2014).

Table 1   Contrasts for the model with the interaction between task, 
action type, and action congruency on reaction times (RTs) in Experi-
ments 1 and 2

Degrees of freedom were corrected by the Kenward-Roger method

Contrast β SE df t p

Naming: Functional
congruent-incongruent

-60.68 24.1 9270 -2.523 .012

Naming: Structural
congruent-incongruent

-2.86 16.5 9428 -0.174 .862

Categorization: Functional
congruent-incongruent

-16.08 24.0 9268 -0.670 .503

Categorization: Structural
congruent-incongruent

-8.71 16.4 9426 -0.532 .595
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Fig. 3   The mean naming latencies in the four conditions averaged 
across 30 participants in Experiment 1. Error bars indicate 1 standard 
error above and below the means
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LME for data in Experiments 1 and 3

There were significant fixed effects of action type (β = 
-47.443, SE = 10.844, t = -4.375, p < .001) and task (β 

= 243.473, SE = 36.187, t = 6.728, p < .001). However, 
the fixed effects of action congruency (β = 12.128, SE = 
22.609, t = 0.536, p = .592) and action congruency rating 
score (β = 2.170, SE = 4.709, t = 0.461, p = .645) were 
not significant. In addition, the fixed effect of interaction 
between task, action type, and action congruency was sig-
nificant (β = -54.552, SE = 19.509, t = -2.796, p = .005). 
The results of simple effect tests (Table 2) showed that 
in the naming task, the responses to objects paired with 
congruent functional gestures were faster than those paired 
with incongruent functional gestures (Fig. 3). In contrast, 
structural gestures did not influence the naming responses 
to objects. And neither structural nor functional gestures 
influenced the responses to objects in the categorization 
task (Fig. 5, left panel).

The categorization responses to objects paired with 
functional gestures were slower than those paired with 
structural gestures (β = 48.88, SE = 7.25, t = 6.745, p < 
.001). In contrast, there was no difference in the latency of 
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Fig. 4   Left panel: Mean latencies of categorizing man-made objects 
in the four conditions averaged across 30 participants in Experiment 
2. Right panel: Mean latencies across 30 participants of categorizing 

natural objects that were paired with structural or functional gestures 
in the natural object filler trials. Error bars indicate 1 standard error 
above and below the means

Table 2   Contrasts for the model with the interaction between task, 
action type, and action congruency on reaction time (RT) in Experi-
ments 1 and 3

Degrees of freedom were corrected by the Kenward-Roger method

Contrast β SE df t p

Naming: Functional
congruent-incongruent

-59.57 22.2 8495 -2.684 .007

Naming: Structural
congruent-incongruent

-2.14 15.1 8552 -0.142 .887

Categorization: Functional
congruent-incongruent

-12.13 22.6 8504 -0.536 .592

Categorization: Structural
congruent-incongruent

-9.25 15.6 8562 -0.591 .554
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Fig. 5   Left panel: Mean categorization latencies on man-made 
objects in the four conditions averaged across 24 participants in 
Experiment 3. Right panel: Mean categorization latencies on natural 

objects when objects were paired with structural and functional ges-
ture average across 24 participants in Experiment 3. Error bars indi-
cate 1 standard error above and below the means
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naming the target objects paired with structural and func-
tional gestures (β = 7.58, SE = 6.57, t = 1.154, p = .248).

Once again, the LME model analysis on the natural object 
filler trials showed that the categorization responses to natu-
ral objects paired with functional gestures were still signifi-
cantly slower than those paired with structural gestures, even 
though the natural objects were unrelated to the structural 
and functional gestures (β = -21.98, SE = 5.82, t = -3.778, 
p < .001) (Fig. 5, right panel).

General discussion

We investigated whether structural and functional action rep-
resentations are involved in coarse (categorization task) and 
fine-grained (naming task) semantic processing. We found a 
functional action priming effect in the naming task (Experi-
ment 1). In the categorization task, neither the functional nor 
structural action priming effect was observed (Experiment 
2). In Experiment 3, we included an action imitation task to 
enhance the potential action priming effect by pre-activating 
the corresponding action system. Participants imitated all 
the priming gestures before the categorization task to better 
recall the action experience when viewing gestures in prim-
ing movie clips. Despite these efforts, we found no action-
priming effect in the categorization task.

Functional action representation is involved 
in fine‑grained semantic processing

Results of the present study support the notion that func-
tional action representation is an intrinsic part of an object’s 
conceptual knowledge. Furthermore, our findings reveal that 
the involvement of functional action representation in object 
processing depends on the levels of semantic processing. 
Specifically, it is the fine-grained but not coarse semantic 
processing that requires accessing functional action repre-
sentation. This finding is consistent with our previous study 
(Ni et al., 2019a) along with a few others that employed 
tasks requiring fine-grained semantic processing, such as 
object naming (Helbig et al., 2006; Kiefer et al., 2011), 
word-picture matching (Campanella & Shallice, 2011), noun 
comprehension (Bub & Masson, 2012; Bub et al., 2008), and 
sentence comprehension (Masson et al., 2013; Masson et al., 
2008). The involvement of functional action representation 
in fine-grained semantic processing can be explained by the 
fact that functional actions tend to be more- distinctive fea-
tures that are unique or shared only by a few objects.

The absence of functional action representation in the 
categorization task is consistent with the findings of a devel-
opment study that reported that the congruent functional 
actions facilitated object naming across all age groups. 
Interestingly, the functional action priming effect in object 

categorization has been observed in children but not adults, 
and the effect decreases with age in children (Mounoud 
et al., 2007), suggesting that functional action representa-
tion plays a role in coarse semantic processing during early 
development. An alternative explanation for the absence 
of a functional action priming effect in the categorization 
task is that functional gestures may take longer to influence 
semantic processing, and the short categorization latencies 
may prevent the effect from being observed.

The shorter categorization latencies compared to nam-
ing latencies provide support for the alternative interpre-
tation. However, the level of semantic processing required 
to access more distinctive features depends on the task 
demands (Clarke et al., 2013; Taylor et al., 2012). In the 
categorization task, semantic processing may stop once the 
less distinctive features required for object categorization are 
accessed, which could explain the absence of a functional 
priming effect. It is important to note that the less distinctive 
features may not include structural action representations, 
as our findings showed no structural action priming effect. 
Thus, functional action representation may require more 
time to be accessed, but only when fine-grained processing 
is needed.

Structural action representation is not involved 
in semantic processing

The findings that the structural action priming effect was 
observed in neither the naming nor the categorization task 
support our second hypothesis that structural action repre-
sentation is not involved in any stages of semantic process-
ing. Our findings are in line with the 2AS theory that posits 
that structural action relies on processing the online inputs of 
objects’ structural attributes. The representation of structural 
action is only dependent on the “rapidly decaying sensori-
motor memory” and thus not an intrinsic part of the con-
ceptual knowledge (Binkofski & Buxbaum, 2013; Buxbaum 
& Kalénine, 2010; Buxbaum et al., 2006). Therefore, we 
consider here that structural action representation is more 
likely an instance of affordance that can be directly offered 
by the incoming visual properties (Osiurak et al., 2017).

Our results nevertheless contradict some of the previous 
studies (Borghi et al., 2007; Godard et al., 2019; Vainio et al., 
2008). The discrepancy between our and previous studies 
may originate from the priming gesture stimuli. Previous 
studies used only two structural gestures (i.e., power and pre-
cise grasp gestures) that matched the objects only in volume. 
Due to repeated presentations, the two gestures could be eas-
ily transformed into semantic representation, i.e., grasping 
large and small objects. The action priming effect observed 
in those studies might be a semantic priming effect caused by 
the facilitation of semantic information derived from gestures. 
In contrast, the 11 structural gestures used in the present study 
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matched the objects in volume, shape, orientation, and weight, 
and thus were hardly transformed into semantic representation. 
Therefore, the structural gestures in the present study activated 
affordance that is independent of semantic representation, 
resulting in the absence of structural action priming effect.

Alternatively, the transient temporal dynamics of struc-
tural action representation (Lee et al., 2018) may prevent 
it from being observed in behavioral data. High temporal 
resolution methods like EEG or MEG can be used to confirm 
whether the structural action priming effect can be observed 
in coarse and fine-grained semantic processing. Further-
more, future developmental studies are needed to explore 
the roles of two action representations in the development 
of conceptual knowledge, as previous research suggests 
that action information facilitates object naming in children 
(Kalenine et al., 2009).

When to integrate action‑modality information 
in coarse‑to‑fine semantic processing?

Embodied cognition theory suggests that conceptual rep-
resentation, particularly for concrete object concepts, is 
grounded in sensory and motor experiences and stored in 
the high-order sensorimotor and associated cortex. Modal-
ity-specific representations are then integrated into an area 
that is proposed to be the anterior temporal lobe (Martin, 
2016; Patterson et al., 2007; Pulvermuller, 2013). On the 
other hand, the conceptual distribution account proposes that 
semantic processing starts with coarse processing followed 
by fine-grained processing (Clarke, 2015). The coexistence 
of coarse-to-fine and modality-specific-to-independent hier-
archical structures is supported by the finding that the ante-
rior temporal lobe is the key region of both abstract concept 
representation and cross-modal integration (Taylor et al., 
2009). It is uncertain, however, at which stage modality-spe-
cific action representation is integrated into the conceptual 
representation under the coarse-to-fine processing model. In 
this study, we combine the view of the coarse-to-fine hier-
archical model and modality-specific-to-independent hier-
archical model on conceptual representation. Our findings 
reveal that action information, a modality-specific feature, 
is involved in the conceptual representation of manipulable 
objects. Moreover, the action-modality feature only becomes 
involved when the object processing reaches the fine-grained 
semantic level, extending the account of coarse-to-fine-
grained semantic processing.

Conclusion

The current study examined the influence of preceding 
functional and structural actions on object naming and cat-
egorization. Our results show that a preceding congruent 

functional action can facilitate object naming but not 
object categorization, while a preceding congruent struc-
tural action has no influence on object recognition in either 
naming or categorization tasks. These findings suggest 
that functional action representation is involved in fine-
grained semantic processing, but neither type of action 
representation is involved in coarse semantic processing. 
Our results suggest that functional action representation is 
a more-distinctive feature and an essential component of 
man-made tool concepts. Conversely, the structural action 
representation may not be an intrinsic part of object con-
ceptual knowledge.
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