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Abstract

Action representation of manipulable objects has been found to be involved in object recognition. Recently, studies have
indicated the existence of two distinct action systems: functional action specifying how to use an object and structural action
concerning how to grasp an object. Despite evidence revealing the systems’ anatomical and functional differences, few pre-
ceding studies have dissociated their respective roles in object recognition. The present study aimed to tease apart their roles
in the recognition of manipulable objects with a priming paradigm. Specifically, we used static stimuli (photos, Experiments
1 and 2) and dynamic stimuli (video clips, Experiments 3 and 4) depicting functional and structural action hand gestures
as primes and measured the magnitude of functional and structural action priming effect in object recognition. We found
that static and dynamic priming stimuli induced a robust action priming effect only for functional action prime-target pairs.
Naming latencies of the target objects were shorter when functional action representations of the prime and target were con-
gruent than when they were incongruent. Moreover, as compared to static priming photos, dynamic priming stimuli induced
a larger functional action priming effect. By contrast, neither static nor dynamic priming stimuli elicited a structural action
priming effect. Behavioral data from our four experiments provide consistent evidence of the dominant role of functional
action representation in the recognition of manipulable objects, suggesting that action knowledge regarding how to use rather
than grasp an object is more likely an intrinsic component of objects’ conceptual representation.
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Introduction

Ventral and dorsal visual streams, since Goodale and his
colleagues first pointed out their distinction, are considered
to be two separate visual processing pathways (Goodale and
Milner 1992; Ungerleider and Haxby 1994). Over the past
two decades, accumulating evidence has indicated that the
two pathways are interconnected (e.g., Almeida et al. 2010,
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2018; Cloutman 2013; Kristensen et al. 2016; Mahon et al.
2013). One important line of evidence shows that action
knowledge, considered to be subserved by the dorsal stream,
is involved in the ventral-stream-engaged processing of
object recognition (e.g., Chao and Martin 2000; Harris et al.
2012; Helbig et al. 2006; Lee et al. 2018; Myung et al. 2006;
Vainio et al. 2008).

A number of behavioral studies have indicated that acti-
vation of action knowledge induced by a priming stimulus
affects the processing of object recognition. Specifically,
recognition of the target object could be facilitated when
the action knowledge of the prime and target matched, and
adversely affected when they did not match (Borghi et al.
2007; Borghi and Riggio 2015; Bub et al. 2013; Campanella
and Shallice 2011; Harris et al. 2012; Helbig et al. 2006,
2010; Vainio et al. 2008). The involvement of action knowl-
edge in object recognition has been supported by neuro-
physiological and neuroimaging studies. For instance, Wolk,
Coslett, and Glosser (2005) reported a patient with a high-
level visual recognition deficit who was impaired in naming
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living items while preserving the ability to name nonliving
items. Moreover, the patient’s naming performance was sig-
nificantly more reliable for the nonliving items whose sen-
sory-motor information was available (i.e., items that could
be physically grasped, such as pliers) than those for which
such information was not available. Indirect evidence from
neuroimaging data shows that action knowledge is automati-
cally evoked upon naming (Chao and Martin 2000; Choui-
nard and Goodale 2010), categorizing (Gerlach et al. 2002)
or even passively viewing the manipulable objects (Creem-
Regehr et al. 2007; Grezes et al. 2003; Vingerhoets 2008;
Wadsworth and Kana 2011). Taken together, this evidence
suggests that action knowledge is one of the essential parts
of object representation and is heavily involved in object
recognition.

In recent years, accumulating evidence has suggested the
existence of two types of object-related action knowledge:
structural action knowledge that concerns how to grasp an
object, and functional action knowledge that concerns how
to use an object for a purpose (Binkofski and Buxbaum
2013; Bub and Masson 2006, 2012; Bub et al. 2008; Jax
and Buxbaum 2010, 2013; Lee et al. 2018; Masson et al.
2008). Researchers have observed the dissociation between
structural and functional actions in patients with apraxia
who lost their ability to functionally use an object but were
still capable of grasping objects (Sirigu et al. 1995), and in
patients with optic ataxia who maintained the ability to use
familiar objects but manifested a deficit in grasping objects
(Jeannerod et al. 1994). A deficit in grasping objects is
linked to brain lesions primarily in the left superior parietal
lobule (SPL) (Rueschemeyer et al. 2010; Sirigu et al. 1995),
whereas a deficit in using objects is associated with brain
damage in left inferior parietal lobule (IPL) (Jeannerod et al.
1994).

This dissociation suggests a distinct neural basis for the
functional and structural action systems. More recently,
Buxbaum and Kalénine (2010) proposed the Two Action Sys-
tem Model (2AS), suggesting the existence of two distinct
action pathways: structural and functional action systems.
The structural action system is modulated by the dorso-
dorsal visual stream, initiating from V3a to V6 to V6a and
the medial intraparietal area (MIP) in the SPL and ending
up in the dorsal premotor cortex, whereas the functional
action system is subserved by the ventro-dorsal system,
running from the medial superior temporal (MST) area to
the IPL (see also Rizzolatti and Matelli 2003). Function-
ally, the structural action system is specialized for the pro-
cessing of objects’ spatial properties (including shape, size,
and orientation) and thus for the online control of grasping
action, whereas the functional action system, with its stored
representation of functional action features in long-term
memory, is specialized for skilled using action (Binkofski
and Buxbaum 2013; Buxbaum and Kalénine 2010; Watson
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and Buxbaum 2014). Thus, under the 2AS theory, functional
action knowledge is more likely to be an intrinsic component
of objects’ conceptual representation as it requires activation
of long-term representations. In contrast, structural action
relies on online processing of objects’ visual properties, thus
engaging in sensorimotor memory.

Involvement of semantic representation in functional
action is evidenced by neuroimaging studies showing that its
neural substrate ventro-dorsal stream is functionally related
to the ventral visual pathway responsible for objects’ con-
ceptual representation (Almeida et al. 2013; Kristensen et al.
2016). Specifically, the left IPL, a key region of the ventro-
dorsal pathway and presumed to store the functional action
knowledge (Binkofski and Buxbaum 2013; Buxbaum and
Kalénine 2010; Evans et al. 2016; Ishibashi et al. 2011), was
found to receive visual input from the ventral pathways dur-
ing the processing of tools (Almeida et al. 2013; Kristensen
et al. 2016; Mahon et al. 2013).

Despite evidence suggesting the coexistence of two action
systems of object-hand interactions, most of the preceding
studies did not take their difference into account when test-
ing the role of action knowledge in object recognition. For
instance, Helbig et al. (2006) observed the action priming
effect in pairs of prime-target objects that share the same
action knowledge. However, the fact that the prime and tar-
get objects afforded both structural and functional actions
(e.g., a plier and a nutcracker afford the same structural
action “power grip” and functional action, “clutching the
handles”), precludes us from understanding which of the two
action congruencies contributes to the action priming effect
(see also Myung et al. 2006). Some studies tested exclu-
sively the role of structural (Borghi et al. 2005; Vainio et al.
2008) or functional action knowledge (Harris et al. 2012;
Helbig et al. 2010) in object recognition, thus avoiding the
question of which action system is a more essential part of
object representation.

Among the few studies attempting to disentangle the two
systems’ contributions to object recognition, McNair and
Harris (2012) found that the action priming effect occurred
when the prime and target objects afforded the same struc-
tural but not functional action. The authors concluded that
structural rather than functional action knowledge is auto-
matically accessed upon viewing a manipulable object and
thus is involved in object representation. However, two
potential issues in their study compromise the authors’ con-
clusion. First, they used object photos as both primes and
targets, which were not well controlled for the confounding
variable of global shape. Specifically, the paired prime-target
objects that were matched in both functional and structural
actions had higher global shape similarities than the paired
prime-target objects that were matched only in functional
or structural action. Second, the prime object was presented
only for 167 ms in their study. This duration might be too
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short to elicit the activation of functional action representa-
tion as evidence has indicated that functional action activa-
tion is evoked more slowly, but is sustained longer, than
structural action activation (Binkofski and Buxbaum 2013;
Jax and Buxbaum 2010; Kiefer et al. 2011; Lee et al. 2013,
2018). By recording event-related potentials (ERPs), Lee
et al. (2018) reported that activation of structural action rep-
resentation started in the early time window of 0-150 ms (P1
component) and continued to the window of 150-300 ms
(N1 and P2 components). In contrast, activation of func-
tional action representation revealed itself in a later time
window of 300-500 ms, as indicated by the N400Os com-
ponent, which is an index of semantic processing. Thus, it
is highly possible that increasing the duration of priming
stimuli can give rise to functional action activation, con-
sequently facilitating recognition of the target objects that
share the same functional action.

In the present study, we used photos and video clips
depicting hand action gestures as priming stimuli, thus
avoiding the potential confounding variables (e.g., global
shape) possibly introduced by object photos (see also Borghi
et al. 2007; Bub et al. 2013; Vainio et al. 2008). By using
action gestures, we were able to create priming stimuli that
match more precisely in structural and functional action with
the target objects. In addition, given the temporal dynam-
ics of the two types of actions, we presented the priming
stimuli with longer durations (1000 ms in Experiments 1
and 2, and 2000 ms in Experiments 3 and 4). With these
carefully-designed experiments, we aimed to disentangle the
relative roles of structural and functional actions in object
recognition.

We predicted that functional and structural action priming
effects could be induced by both static and dynamic prim-
ing stimuli. We expected the magnitude of action priming
effect to be higher for functional action prime-target pairs
than for structural action prime-target pairs, as functional
action knowledge is suggested to be an essential component
of object representation. Dynamic priming stimuli that were
presented longer and visually more compelling were also
expected to induce a larger priming effect compared to the
static priming stimuli.

Experiment 1

In Experiment 1, we aimed to dissociate the roles of struc-
tural and functional action representation in object recogni-
tion. We adopted the priming paradigm from Borghi et al.
(2007) and used static photo stimuli displaying structural
and functional action hand gestures as primes. Thus, by
measuring and comparing the magnitude of the priming
effect induced by functional and structural action primes,

we were able to see which type of action information had a
larger impact on object recognition.

Method
Participants

Thirty-two undergraduate and graduate students (average
age 22.4, 15 females, 17 males) from Beijing Forestry Uni-
versity participated in Experiment 1. All participants had
normal or corrected-to-normal vision, and all but two par-
ticipants were right-handed. They gave informed consent
before the experiment and were paid after the experiment
for their participation. The study adhered to the Declaration
of Helsinki and was approved by the institutional Review
Board of the Institute of Psychology, Chinese Academy of
Sciences.

Stimuli and design

Stimuli were displayed on a CRT screen with a resolution
of 1024 X768 and a refresh rate of 100 Hz. The priming
stimuli consisted of 25 photos of hand gestures, includ-
ing 20 functional action gestures (e.g., trigger, palm, and
squeeze) and 5 structural action gestures (e.g., horizontal
power grasp and vertical power grasp). We photographed
the hand gestures against a white background and set the
photo size to 691 x461 pixels. The target stimuli consisted
of 53 colored object photos (size: 500 x 500 pixels) selected
from the China Image Set (Ni et al., 2018, under review).
Target objects depicted in the photos were clearly segmented
from the white background and were presented with an aver-
age visual angle of approximately 8.12° vertically and 8.07°
horizontally.

Of the 53 target objects, 20 afforded structural action only
(e.g., an apple) (S objects), 5 afforded functional action only
(e.g., a faucet that could only be rotated) (F objects), and the
remaining 28 afforded both structural and functional actions
(e.g., a calculator) (F'S objects). As a result, we had a total of
48 target objects that could afford structural action (28 FS
objects +20 S objects) and a total of 33 target objects that
could afford functional action (28 FS objects + 5 F objects).

Pairs of prime hand gestures and target objects were cre-
ated such that half of the prime—target pairs were action con-
gruent and the other half were action incongruent. Specifi-
cally, each S target object was paired with a congruent and an
incongruent structural action hand gesture, and each F target
object was paired with a congruent and an incongruent func-
tional action hand gesture. In addition, each F'S target object
was paired with two structural action gestures (congruent vs.
incongruent) and two functional action gestures (congru-
ent vs. incongruent) (see Fig. 1 for examples). (See Supple-
mentary Materials for the complete set of prime-target pairs
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Fig. 1 Exemplars of the FS objects and their corresponding congurent vs. incongruent functional and structrual action hand gestures

used in Experiment 1). Thus, we had a total of 96 structural
prime-target pairs (20 S X2 +28 FSx2) that were equally
divided into 2 blocks (structural action block) and a total of
66 functional prime-target pairs (5 FX2+28 FSX2) that
were equally divided into 2 blocks as well (functional action
block). In each block, half of the target objects were com-
bined with congruent structural/functional action gestures
and the other half with incongruent structural/functional
action gestures. Each of the prime—target pairs in a block
was randomly selected on a single trial. Moreover, half of
the participants conducted the two structural action blocks
first and the other half conducted the two functional action
blocks first, with the running order of the two structural/
functional blocks balanced across the participants.

Action congruency ratings We instructed a group of 21
participants who did not participate in Experiment 1 to
rate functional and structural action congruency between
the prime hand gestures and target objects. Participants
rated action congruency on a 6-point Likert scale, where
1 indicates the hand gesture depicted in the photo matches
poorly the functional/structural action afforded by the tar-
get object and 6 indicates a perfect match in functional/
structural action between the hand gesture and the target

500ms 1000ms

250ms

object. As expected, the rating was significantly higher for
congruent (4.95+0.71) than incongruent (1.94 +0.31) func-
tional action pairs [#(20)=22.89, p <0.001] and was also
significantly higher for congruent (4.54 +0.83) than incon-
gruent (1.65 +0.36) structural action pairs [#(20)=17.67,
p<0.001].

Procedure

The experimental procedure was programed with E-prime
2.0. Each trial started with a fixation cross on the screen
center for 500 ms, followed by a prime hand gesture that
was presented for 1000 ms and immediately replaced by a
250-ms blank screen. The blank screen was followed by a
target object that remained on screen for 80 ms (see Fig. 2
for the trial procedure). Participants were asked to name
the target object as quickly and accurately as possible. They
were told to refrain from making meaningless sounds (e.g.,
“um” and “en”) that could trigger the onset of name record-
ing. Reaction times of photo naming were recorded via voice
key. The experimenter monitored participants’ responses in
the same room and recorded naming accuracy with a button
box that was connected to the computer. Participants sat in

80ms Until response

||

L2

’

&

Fig.2 Trial procedure of Experiment 1. Each trial started with a fixa-
tion cross for 500 ms, followed by a priming hand gesture presented
for 1000 ms and then replaced by a blank screen for 250 ms. A tar-
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get object was then presented for 80 ms. Participants were required
to speak out the name of the target object as rapidly and accurately as
possible once it appeared on screen
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a dim room in front of the computer monitor with a viewing
distance of approximately 70 cm.

Before the experiment session, participants practiced
naming the target objects twice and were provided feedback
by the experimenter to correct their naming errors. To famil-
iarize participants with the trial procedure, the experiment
session started with another 12 practice trials in which ran-
domly selected nontarget objects were used. No feedback
was provided in the experiment session. The whole experi-
ment took approximately 30 min to complete.

Results and discussion

For each participant’s data, we first removed trials with reac-
tion times (RT) below and above three standard deviations,
and trials with RT smaller than 100 ms that usually resulted
from the recording of meaningless sounds. In total, we
removed 1.12% of trials across all participants. Our analy-
sis only focused on the RT, as naming accuracy reached a
ceiling (over 95%) for all participants. We conducted two
analyses on RT: one by-participant analysis (with partici-
pants as random variable), and one by-item analysis (with
items as random variable).

We first performed separate analyses on the 48 tar-
get objects that could afford structural action (i.e., 28
FS objects +20 S objects) and the 33 target objects that
could afford functional action (i.e., 28 FS objects+5 S
objects). Paired ¢ tests revealed a significant action priming
effect for functional action pairs [by-participant analysis:
1(31)=-3.08, p<0.01; by-item analysis: #(32)=—3.03,
p <0.01] but not for structural action pairs [by-partici-
pant analysis: #(31)=—1.58, p=0.12; by-item analysis:
1(47)=—1.503, p=0.14]. The results indicated that naming
latency was significantly shorter when the functional action
implied by the hand gesture matched that of the target object.

We then conducted a two-way (action type X action con-
gruency) repeated measures ANOVA on the 28 FS target
objects affording both actions. ANOVA results revealed only
a main effect of action congruency [by-participant analysis:
F(1,31)=9.36, p<0.01, 772 =0.23; by-item analysis: F(1,
27)=14.23, p<0.001, ;72:0.35], indicating that response
latency was shorter when the action implied by the static
hand gesture matched that of the target object (see Fig. 3).
There was no main effect of action type or interaction effect
[by-participant analysis: Fs <1.70, p <0.05; by-item analy-
sis: Fs<1.26, ps>0.05]. The absence of interaction effect
indicated that both functional and structural actions contrib-
uted to the priming effect, though the magnitude of func-
tional action priming effect (31 +56) appeared to be larger
than that of structural action prime effect (16.2 +53).

Note that the number of objects that afford a specific
functional action (e.g., to poke) is limited, whereas the num-
ber of objects that afford a structural action (e.g., precision
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Fig.3 Mean naming latency in the four conditions averaged across
the 32 participants in Experiment 1. Error bars indicate 1 standard
error above and below the means

grip) can be very large (i.e., many small objects afford the
same precision grip). Thus, it is possible that the shorter
response latency we observed in the functional action pairs
resulted from a semantic effect rather than an action priming
effect, i.e., it is easier for participants to predict the target
object associated with a functional action.

To exclude this possibility, we recruited a group of 23
participants (mean age 23.2, 14 males, 9 females) who did
not participate in Experiment 1 to recognize the functional
and structural hand gestures. The procedure was identical
to the Experiment 1 session except that the target object
was replaced by a mask created by scrambling all photos of
the targets. As in Experiment 1, the participants practiced
naming the target objects twice before performing the ges-
ture recognition task. On each trial, after viewing the hand
gesture, they were encouraged to speak out the name of an
object they thought was associated with the hand gesture. If
they had difficulty coming up with a specific object name,
they were asked instead to describe ‘the general purpose of
the hand gesture’ (i.e., what is the hand gesture supposed to
do?). When they were neither able to give a specific name
nor describe the general purpose of the hand gesture, they
were allowed to say “I don’t know”. They were required to
respond in a time window of 3500 ms, a duration longer than
the maximum valid naming latencies reported in Experi-
ment 1. The time constraint was introduced to render the
procedure comparable to that of Experiment 1, in which the
participants were encouraged to respond as accurately and
quickly as possible.

We adapted both strict and liberal criteria to define the
correct responses. Under the strict criterion, a response was
considered correct only when it was the recognizable name
of one of the target objects that afforded the action congruent
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with the prime hand gesture. Under the liberal criterion, a
response was considered correct whenever it revealed the
exact action corresponding to the action gesture or was the
name of a nontarget object affording the same action. For
instance, to the action gesture of “power grasp”, the response
“apple” (one of the target objects) was considered correct
with the strict criterion, and the responses “grasp something
big” or “mango” (not a target object) were also considered
correct with the liberal criterion.

Using the strict criterion, 13.5% of participants on aver-
age recognized the functional action gestures, whereas 9.2%
of participants on average recognized the structural action
gestures. Using the liberal criterion, however, 50% of partici-
pants on average recognized the structural action gestures,
as compared to 18.5% of participants on average who rec-
ognized the functional action gestures. The data suggested
that the functional action gestures were not much more rec-
ognizable than the structural action gestures. To nullify the
potential facilitating effect of semantic priming on naming
latency, we removed the pairs in which the functional action
gestures were recognized by more than 10% of participants
under the liberal criterion. Note that this was an extremely
strict inclusion criterion by which all structural prime-target
pairs should be discarded. We then reanalyzed the remaining
functional action prime-target pairs containing 8 functional
action gestures that were recognized by less than 2% of the
participants on average (by the liberal criterion). The results
still revealed a significant action priming effect for func-
tional action prime-target pairs [#(7)=—2.2, p=0.03, one
tailed], thus ruling out the possible role of semantic priming.

Taken together, the results of Experiment 1 suggested that
though both functional and structural action representations
are involved in object recognition, the role of functional
action representation is more robust and dominant.

Experiment 2

In Experiment 1, we presented functional and structural
action prime-target pairs in separate blocks. It should be
pointed out that we had a smaller number of unique struc-
tural actions (i.e., only five different structural action ges-
tures in Experiment 1) than the number of unique functional
action primes. Although there is no way to completely con-
trol for this variable (i.e., grasping actions are not as diverse
as skilled-use actions), we should be aware of one potential
problem that could accompany this issue. Repeatedly pre-
senting a small set of structural action primes could blunt
observers’ neural sensitivity to them, leading to decreased
activation of structural action representation. Therefore,
the unbalanced number of unique structural and functional
action gestures might contribute to the small magnitude of
structural action priming effect observed in Experiment 1.
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To mitigate this concern, we reran Experiment 1 with
the change that functional and structural action prime-target
pairs were mixed in the each block. Thus, the observers were
required to switch back and forth between ventro-dorsal and
dorso-dorsal streams that are considered to be the neural
substrates of functional and structural action representation.

Method
Participants

Thirty-two undergraduate and graduate students (average
age 22.6, 15 females, 17 males) from Beijing Forestry Uni-
versity participated in Experiment 2. All participants had
normal or corrected-to-normal vision, and all but two partic-
ipants were right-handed and. They gave informed consent
before the experiment and were paid after the experiment
for their participation.

Stimuli and procedure

The priming stimuli consisted of the same set of static hand
gestures from Experiment 1. The target stimuli consisted of
only the 28 F'S objects (i.e., affording both structrual and
functional actions) used in Experiment 1. Every target object
was paired with two structural action gestures (congruent vs.
incongruent) and two functional action gestures (congru-
ent vs. incongruent). Thus, we ended up with 112 (28 FS
objects X 4) prime-target pairs that were equally divided into
four blocks. In each block, half of the target objects were
combined with congruent (or incongruent) functional (or
structural) action gestures and the other half were combined
with incongruent (or congruent) structural (or functional)
action gestures. Each of the prime—target pairs in a block
was randomly selected on a single trial. The running order
of the four blocks were balanced across the participants. The
trial procedure was identical to that in Experiment 1. The
whole experiment took approximately 20 min to complete.

Results and discussion

For each participant’s data, we removed trials with reac-
tion times (RT) below and above three standard deviations,
and trials with RT smaller than 100 ms that most likely
resulted from the recording of meaningless sounds. As a
consequence, we removed 9.48% of the trials across all par-
ticipants. We conducted both by-participant and by-item
analyses, as in Experiment 1.

We plotted the mean naming latencies in each of the four
conditions across the 32 participants (see Fig. 4). A two-
way repeated measures ANOVA revealed that there was a
significant interaction between action type (functional vs.
structural) and action congruency (match vs. mismatch)
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Fig.4 Mean naming latency in the four conditions averaged across
the 32 participants in Experiment 2. Error bars indicate 1 standard
error above and below the means

[by-participant analysis: F(1,31)=7.79, p<0.01, 772 =0.20;
by-item analysis: F(1, 27)=5.92, p<0.05, 172 =0.16] but
no main effects of action type and action congruency [by-
participant analysis: Fs<2.35, ps> 0.05; by-item analysis:
Fs<1.58, ps>0.05]. Planned contrasts showed that nam-
ing latency was shorter when functional actions implied by
the hand gestures matched those of the target objects [by-
participant analysis: #(31)=—2.85, p <0.01; by-item analy-
sis: #(27)=—2.16, p <0.05]. In contrast, no action priming
effect was observed for the structural action pairs [by-par-
ticipant analysis: #(31)=1.02, p=0.31; by-item analysis:
1(27)=1.24, p=0.23].

Experiment 2 revealed only a significant functional action
priming effect, which was different from Experiment 1 in
which structural action, albeit to a lesser extent, was also
found to contribute to the priming effect. The results from
Experiment 2 suggested that it is the functional rather than
structural action representation that is more fundamentally
involved in the processing of object recognition.

Experiment 3

In the preceding two experiments, we observed neither a
small nor no action priming effect for the structural action
prime-target pairs. One possible reason is that the static hand
gestures are not “visually compelling” enough to induce
strong activation of structural action representation and,
therefore, fail to facilitate recognition of the target objects.
This assumption is supported by the finding from Vainio
et al. (2008) that a stronger priming effect on object recog-
nition was induced with dynamic priming stimuli display-
ing a series of hand gesture photos. To test this possibility,

we thus used video clips depicting dynamic action gestures
as primes in Experiment 3. We expected a stronger action
priming effect to appear for both functional and structural
actions. Another benefit of using dynamic priming stimuli is
that we could represent some functional actions that are not
easily displayed with static hand photos (e.g., hand gestures
to use a lighter or a pencil sharpener).

Method
Participants

Thirty-two undergraduate and graduate students (average
age 21.9, 17 females, 15 males) from Beijing Forestry Uni-
versity participated in Experiment 3. All participants were
right-handed and had normal or corrected-to-normal vision.
They gave informed consent before the experiment and were
paid after the experiment for their participation.

Stimuli and procedure

The priming stimuli consisted of 14 movie clips, 12 of which
depicted functional action gestures (e.g., using a nail clipper)
and the remaining 2 of which depicted structural action ges-
tures (e.g., precision gripping a nail clipper). We instructed
a female hand model to mimic functional and structural
actions toward target objects that were not present. To obtain
precise and recognizable dynamic gestures, we allowed the
hand model to practice manipulating real objects before the
filming. We filmed only her hand movements against a white
background. Each of the 14 movie clips had a duration of
2000 ms and an equal resolution of 691 X461 pixels.

The target stimuli consisted of 41 object photos selected
from Experiment 1. Among the 41 target objects, 20
afforded structural action only (S objects), 5 afforded func-
tional action only (F objects), and 16 afforded both structural
and functional actions (FS objects), Thus, we ended up with
a total of 36 target objects that could afford structural action
(16 FS+20 S) and a total of 21 target objects that could
afford functional action (16 FS+5 F).

As in Experiment 1, we paired each S object with a con-
gruent and an incongruent structural action hand gesture,
each F target with a congruent and an incongruent functional
action hand gesture, and each FS target with two structural
action hand gestures (congruent vs. incongruent) and two
functional action hand gestures (congruent vs. incongruent).
(see Supplementary matetial for the complete set of prime-
target pairs used in Experiment 3). As a result, we had a total
of 72 structural action pairs (16 FSX2+20 S X 2) that were
equally divided into 2 blocks, and a total of 42 functional
action pairs (16 FSX2+5 Fx2) that were also equally
divided into two blocks. The design within each block was
the same as in Experiment 1.
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The trial procedure was identical to that of Experiment
1 except that static hand gestures were replaced with video
clips as primes that lasted 2000 ms. The whole experiment
took approximately 35 min to complete.

Action congruency ratings We asked 22 participants who
did not participate in Experiment 3 to rate functional and
structural action congruency between the hand gestures
depicted in the video clips and the actions afforded by the
target objects. As expected, functional action congruency
was significantly higher in congruent (5.31 +0.44) than
incongruent (1.49 +0.28) prime-target pairs [#(21)=37.68,
p<0.001], and structural action congruency was signifi-
cantly higher in congruent (4.85 +0.80) than incongruent
(1.77 £0.35) prime-target pairs [#(21)=17.83, p<0.001].

Results and discussion

For each participant’s data, we removed trials with reaction
times (RT) below and above three standard deviations, and
trials with RT smaller than 100 ms that usually resulted from
the recording of meaningless sounds. In total, we removed
2.88% of the trials across all participants. We conducted
both by-participant and by-item analyses on the RT.

As in Experiment 1, we first performed separate analyses
on the 36 target objects that could afford structural action
(i-e., 16 FS objects +20 S objects) and the 21 target objects
that could afford functional action (i.e., 16 FS objects+5 F
objects). Paired 7 tests revealed a significant priming effect
for functional action prime-target pairs [by-participant analy-
sis: #(31)=—-13.31, p<0.01; by-item analysis: #20)=—2.74,
p <0.05] but not for structural action prime-target pairs [by-
participant analysis: #(31)=0.66, p=0.51; by-item analysis:
#20)=0.51, p=0.61].

We then conducted a two-way repeated measures
ANOVA on the 16 FS target objects (Fig. 5). Statistical
results showed that there was a significant main effect of
action congruency [by-participant analysis: F(1, 31)=8.22,
p<0.01, 112 =0.21; by-item analysis: F(1, 15)=9.66,
p<0.01, 712 =0.39;] and a significant interaction between
action type and action congruency [by-participant analy-
sis: F(1, 31)=5.63, p<0.05, 772 =0.15; by-item analysis:
F(1,15)=6.76, p<0.05, 712 =0.31;] but no main effect of
action type [by-participant analysis: F(1,31)=1.11, p=0.30;
by-item analysis: F(1,15)=1.81, p=0.20]. Planned con-
trasts further indicated that the shorter naming latency in
action congruent conditions primarily resulted from the
action priming effect in functional action pairs [by-partic-
ipant analysis: #(31)=—3.43, p<0.01; by-item analysis:
t(15)=—-3.25, p<0.01]. In contrast, there was no significant
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Fig.5 Mean naming latency in the four conditions across the 32 par-
ticipants in Experiment 3. Error bars indicate 1 standard error above
and below the means

action priming effect in structural action pairs [by-partic-
ipant analysis: #(31)=—-0.46, p=0.65; by-item analysis:
1(15)=-0.63, p=0.54].

The use of dynamic priming stimuli did not give rise to
the priming effect in structural action prime-target pairs. As
expected, the magnitude of the functional action priming
effect induced by the dynamic priming stimuli (69.6 +114.9)
was significantly and marginally significantly stronger than
those induced by the static priming stimuli in Experiments
1 [23.8+47.2, #(42)=2.16, p<0.05] and 2 [31.3+56.1,
1(42)=1.69, p=0.052], respectively. However, it is noted that
it might be easier for participants to predict the target objects
upon viewing the dynamic action gestures unfolding over time.
Thus, the stronger action priming effect could be the result of
a higher semantic priming effect. To test this possibility, we
asked the same group of 23 participants who performed the
hand gesture recognition task in Experiment 1 to recognize the
dynamic action gestures, following the same procedure as in
Experiment 1. We found that 25% and 13% of participants on
average recognized the functional and structural action hand
gestures, respectively, by the strict criterion, both of which
were higher than reported in Experiment 1. The results sug-
gested that the semantic priming effect more or less contrib-
uted to the short naming latencies observed in Experiment 3.
However, we should be cautious with the interpretation for the
reasons that will be discussed in detail shortly.

Consistent with the results from Experiment 2, we observed
a significant priming effect only for functional action pairs.
Taken together, the results indicate a robust role of functional
action representation in object representation.
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Experiment 4

In Experiment 3, we observed that the dynamic hand ges-
tures induced a significant functional but not structural
action priming effect. However, in Experiment 3 there
were more target objects that could afford structural than
functional action (36 vs. 21 target objects). To remove this
confounding variable, we conducted Experiment 4 in which
only F'S target objects (i.e., objects affording both struc-
tural and functional actions) were used, as in Experiment
2. Moreover, to confirm the action priming effect observed
previously, we employed a new set of 21 FS target objects
in Experiement 4.

Method
Participants

Thirty undergraduate and graduate students (average age
22.5, 13 females, 17 males) from Beijing Forestry University
participated in Experiment 4. All participants had normal
or corrected-to-normal vision, and all but one participant
were right-handed. They gave informed consent before the
experiment and were paid after the experiment for their
participation.

Stimuli and procedure

The priming stimuli consisted of 14 movie clips, includ-
ing 12 depicting functional action gestures and 2 depicting
structural action gestures. The standardization process for
the movies clips was the same as in Experiment 3. The target
objects consisted of 21 color photos depicting objects that
afforded both structural and functional actions (FS objects).

We paired each of the 21 object targets with two dynamic
functional action hand gestures (congruent vs. incongruent)
and two dynamic structural action hand gestures (congruent
vs. incongruent). (See Supplementary material for the com-
plete set of prime-target pairs used in Experiment 4). Thus,
we had a total of 84 (21 FS objects X 4) prime-target pairs
that were equally divided into four blocks. The design with
each block was the same as in Experiment 2. The experi-
mental procedure was identical to that in Experiment 3. The
whole experiment took approximately 25 min to complete.

Action congruency ratings We asked 22 participants who
did not participate in Experiment 4 to rate structural/func-
tional action congruency between the priming hand gestures
and those afforded by the target objects. Functional action
congruency was rated significantly higher for congruent
(5.00+£0.69) than incongruent (1.92 +0.42) functional
action pairs [#(21)=25.81, p <0.001], and structural action

congruency was rated significantly higher for congruent
(4.05 £+ 1.00) than incongruent (2.09 + 0.62) structural action
pairs [#(21)=7.27, p<0.001].

Results and discussion

For each participant’s data, we removed trials with reaction
times (RT) below and above three standard deviations, and
trials with RT smaller than 100 ms that usually resulted from
the recording of meaningless sounds. In total, we removed
2.62% of the trials across all participants. We performed
both by-participant and by-item analyses.

As depicted in Fig. 6, the action priming effect appeared
to occur for functional action prime-target pairs, whereas
there was no evident difference between congruent and
incongruent conditions for structural action prime-target
pairs. A two-way repeated measures ANOVA confirmed
the observation by revealing a significant interaction
between action type and action congruency [by-partici-
pant analysis: [F(1, 29)=4.61, p<0.05, 172=0.14; by-item
analysis: F(1, 20)=6.97, p <0.05, n”=0.26]. There was
neither main effect of action type nor action congruency
[by-participant analysis: Fs<1.67, ps> 0.05; by-item
analysis: Fs<1.44, ps>0.05]. Planned contrasts showed
that a significant priming effect was present for functional
action pairs, i.e., faster naming response in action congru-
ent (804 +21 ms) than incongruent condition [by-partici-
pant analysis: #(20)=—2.35, p <0.05; by-item analysis:
837 £26 ms, #(20)=—-2.91, p <0.01], but not for structural
action pairs [by-participant analysis: #(29)=0.86, p=0.40;
by-item analysis: #29)=0.96, p=0.34].

As in Experiments 1 and 3, the same group of partici-
pants who performed the hand gesture recognition task in
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Fig.6 Mean naming latency in four conditions across the 30 partici-
pants in Experiment 4. Error bars indicate 1 standard error above and
below the means
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Experiment 1 was asked to recognize the dynamic structural
and functional action gestures. We found that 18.2% and
8.3% of participants on average recognized the functional
and structural action hand gestures, respectively, by the strict
criterion, which were higher than reported in Experiment 1
but lower than reported in Experiment 3.

In line with the preceding experiments, we only observed
a significant priming effect for functional action prime-target
pairs in Experiment 4, thus confirming that functional action
representation plays a dominant role in the object recogni-
tion processing.

General discussion

In all of the four experiments, we observed an action prim-
ing effect for functional action prime-target pairs. Specifi-
cally, we found that naming latency is significantly shorter
when functional actions of the prime and target object are
congruent than when they are incongruent. Comparably,
using video clips depicting hand action gestures, Helbig
et al. (2010) also reported a significant priming effect for
functional action prime-target pairs. Note that although they
did not distinguish the two types of actions, most of the
prime-target pairs matched only in functional actions (e.g.,
screwing with a screwdriver).

In contrast, by using photos depicting static hand gestures
as primes, we observed a small structural action priming
effect in Experiment 1 and a complete absence of struc-
tural action priming effect in Experiment 2. The absence of
structural action priming effect appeared to be inconsistent
with the findings from Borghi et al. (2007). However, they
observed a congruency effect for structural action pairs only
after a preliminary motor training phase was introduced.

In Experiments 3 and 4, we employed video clips depict-
ing dynamic action gestures as priming stimuli but again
failed to observe an action priming effect for the structural
action pairs. This contradicts with the findings from Ving-
erhoets (2008) showing that dynamic hand gestures (i.e.,
a sequence of structural action hand gestures) elicited an
action priming effect, consequently facilitating categoriza-
tion of the target objects. However, it should be pointed out
that in their study, the priming hand gesture (the last one in a
sequence) was imposed on the transparent target object when
the response was made, thus providing a stronger visual con-
gruency/incongruency effect compared to our condition, in
which the prime and target were presented sequentially. The
setup they used may explain why they observed a significant
action priming effect for structural action pairs.

Our results also stand in contrast with the findings from
McNair and Harris (2012), who reported a significant
action priming effect only for structural action prime-target
pairs. Specifically, they compared naming accuracy in four
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prime-target pair conditions: the prime and target matched in
both functional and structural actions (G+A+), matched in
only structural action (G+A—), matched in only functional
action (G—A+), and matched in neither of them (G—A-).
Naming accuracy was found significantly higher in G+A+
and G+A— conditions than in G—A+ and G—A— conditions.
They concluded that it is the knowledge regarding how to
grasp rather than use an object that is automatically accessed
upon identifying a manipulable object. As we mentioned in
the Introduction, several potential issues in their experimen-
tal design might compromise their conclusions. First, they
used object photos as both primes and targets but left the
global shape between the prime and target objects uncon-
trolled across the four conditions, i.e., there was a higher
global shape similarity in the G+A+ condition than in other
conditions. Second, though there was no significant differ-
ence in the average functional action similarity between
the G+A+ and G—A+ conditions, that is not obviously the
case for some of prime-target pairs. For instance, among a
total of 8 sets of stimuli pairs, the pairs of peg and dropper,
hammer and racquet, and staple gun and holepunch in the
G+A+ condition appear to have higher functional action
similarity than the corresponding pairs of peg and plier,
hammer and stamp, and staple gun and clip in the G—A+
condition. Since McNair and Harris (2012) did not report
rating scores on each of the pairs in the two conditions, we
are not able to confirm our observation. But if this differ-
ence exists as we believe, it could dilute the overall func-
tional action priming effect induced by other pairs that have
higher functional action similarity in the G—A+ condition.
Third, and also more certainly, the short duration of prim-
ing stimuli (167 ms) in their experiment may not have been
long enough to induce the activation of functional action.
Studies examining the temporal dynamics of structural and
functional action activation have indicated that activation
of functional action is evoked later but sustained longer,
whereas activation of structural action is faster rising but
also faster decaying (Jax and Buxbaum 2010; Kiefer et al.
2011; Lee et al. 2013, 2018). So it is quite possible that the
absence of functional action priming effect was due to the
insufficient activation of functional action representation
within the short duration. The temporal dynamics of struc-
tural action representation also help to explain why we did
not observe a significant priming effect for structural action.
As the stimuli duration increases, activation of structural
action representation decays quickly.

One potential confounding variable in our series of
experiments is the semantic priming effect that is possibly
involved in the naming processing. Specifically, observers
might be able to predict the target object upon viewing the
priming action for a certain period of time. If this is the
case, the functional action priming effect is then simply
the result of preactivation of the semantic representation
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of the target object. However, this possibility is strongly
invalidated by the results of Experiment 1. By analyzing
the prime-target pairs in which the functional action primes
were recognized by less than 2% of participants under the
liberal criterion, the functional action priming effect was
still present in Experiment 1. Note that under the liberal
criterion, we should exclude from analysis all the structural
action prime-target pairs, as their structural action primes
were recognized by more than 10% of participants on aver-
age. Besides, we suspect that participants in our experiments
would not intentionally attempt to “guess” the target objects
upon viewing the prime actions, for two reasons. First, in
all four experiments, participants were not asked to attend
to the prime actions. Therefore, a “smart” participant could
afford to ignore the priming stimuli entirely and just focus
on naming the target objects. This stands in contrast with the
action recognition task in which we explicitly forced partici-
pants to “guess” the target objects. Thus, the proportion of
recognized hand gestures reported in the action recognition
task is very likely to be overestimated. Second, there is lit-
tle, if any, benefit for participants to deliberately “guess” the
target objects. As each priming hand gesture was paired with
equal number of congruent and incongruent target objects,
allocating cognitive rescources to guess the target objects
could fail in half of the total trials at least (i.e., taking into
account the wrong guesses). Thus, there is no good reason
for our participants to adopt such an ineffective “guessing”
strategy throughout the experiment. However, we cannot
rule out the possibility that there might be a few trials in
which the participant attempts to “guess” the targets when
they are too revealing to them.

Recall that the dynamic hand gestures depicted in the
video clips from Experiments 3 and 4 were more recogniz-
able than those depicted in the photos from Experiment 1,
which suggests that preactivation of the objects’ concep-
tual representation was the cause of the stronger functional
action priming effect observed in Experiment 3. Given the
above reasons, however, we should be cautious with this
interpretation. Although we cannot completely rule out the
role of preactivation (especially in Experiments 3 and 4, in
which dynamic action movies were used as primes), it is
clear that the action priming effect is the primary source of
shorter naming latencies observed in the congruent func-
tional action prime-target pairs.

Across the four experiments, we found that functional
action had a robust and dominant role in object recogni-
tion, suggesting that the knowledge concerning how to use is
more likely to be an intrinsic part of the object’s conceptual
representation than how to grasp the object. Our conclusion
is consistent with the theory of the Two Action System pro-
posed by Buxbaum and Kalénine (2010) (see also Binkofski
and Buxbaum 2013). Under 2AS, functional action knowl-
edge, assumed to be subserved by the ventro-dorsal pathway,

is stored in long-term memory. Its retrieval thus requires
access to semantic knowledge and entails more processing
time (Buxbaum and Kalénine 2010; Binkofski and Buxbaum
2013). In contrast, structural action, modulated by the dorso-
dorsal stream, relies on online processing of visual infor-
mation of the object (e.g., shape, size, orentation) and thus
more engages in “a rapidly decaying sensorimotor memory”
(Buxbaum and Kalénine 2010). The assumption that func-
tional action relies more on semantic representation helps
to explain the difference in temporal dynamics of the two
action systems observed by Kiefer et al. (2011). By record-
ing event-related potentials (ERPs), Kiefer et al. (2011)
found an early ERP effect of action priming on the central
scalp of approximately 100 ms and a later ERP component
of N400 known to reflect semantic integration (see also Sim
et al. 2014). More recently, Lee et al. (2018) confirmed that
the early ERP components (P1, P2, and N2) were induced by
the structural action, whereas the later component (N400s),
an index of semantic processing, was evoked by functional
action.

Note that, albeit to a lesser extent, structural action might
also require activation of long-term representation (Bub and
Masson 2006, 2012; Bub et al. 2008; Osiurak et al. 2013).
Bub and Masson (2006, 2012), Bub et al. (2008) reported
that structural and functional actions were evoked by both
pictures and names of manipulable objects, as revealed
by the subsequent primed production of the correspond-
ing action. More recently, Osiurak et al. (2013) found that
observers took more time to grasp and then move an object
to someone (a receiver) than to grasp and use it, suggesting
that a grasp-to-move action requires activation of long-term
representation of some physical features of the object (e.g.,
weight). However, we should be cautious with the interpreta-
tion, as a grasp-to-transport action might involve a different
mechanism from a grasp-alone action.

We conclude that recognition of manipulable objects is
facilitated when they are preceded by action hand gestures
implying the similar functional action but not the structural
action. The functional action priming effect suggests that
functional action knowledge is a more stable and thus an
intrinsic part of objects’ conceptual representation. With a
series of behavioral experiments, our study provides strong
evidence for the robust and dominant role of functional
action in object recognition.
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