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Abstract. Evidence from psychology has shown that visual man-made manipul-
able objects can afford grasping actions even without the observers’ intention  
to grasp them, and humans are able to use grasping information to recognize  
objects. But little is known if visual man-made objects, especially tools, can  
potentiate much more complex actions associated with using an object. In the 
present study, a priming paradigm was used to explore if passively viewing  
manipulable objects could be enough to activate specific action information 
about how to use them. The results showed that target objects with similar  
functional manipulation information to the prime objects were identified signifi-
cantly faster than that with dissimilar manipulation knowledge to the prime  
objects. This is the first evidence by using behavioral study to indicate that just 
passively viewing a manipulable object is sufficient to activate its specific  
manipulation information that could facilitate object identification even without 
participants’ intention to use them. The implications of manipulation knowledge 
in object affordances and object representation are discussed. 
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1 Introduction 

How do humans interact with objects? One type of object-hand interaction is called 
structural manipulation (or volumetric manipulation), depending on online visual 
processing of objects’ action-related properties such as object size or handle orienta-
tions [1 and 2]. Just imagine you grasp a cell-phone on your desk and move it from 
the left to the right. In order to implement these serious actions, you have to adjust 
your hand grip to the real size of the cell-phone and grasp it correctly. Another type of 
hand-object interaction that is more important in our daily life is functional manipula-
tion, using the object with its function [1 and 2]. If you want to text a message with 
your phone, all you have to do is grasp it first and poke its keys or touch the screen. 
Though both types of object manipulations concern the ways we interact with objects 
[1, 2, and 3], learning how to use an object, especially a tool is of greater significance 
for individual development given the ubiquity of tool usage in human history.  
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The difference and dissociation between structural manipulation and functional 
manipulation have been supported by neuropsychological studies suggesting that 
there may exist two separate motor systems of hand-object interaction: dorso-dorsal 
pathway devoted to on-line translation of action-related properties of objects into 
motor program for reaching and grasping actions and a ventro-dorsal stream devoted 
to transforming object features into the appropriate object using action [1 and 2]. 
More importantly, psychological research has also shown that although both types of 
manipulation represent the possible interactions with objects, action associated with 
using an object seems more crucial to object representation [4]. 

But unfortunately, the bulk of psychological as well as human-computer interac-
tion research aiming to examine hand-object interactions so far hasn’t paid attention 
to functional actions, but only focused on simple and mechanical object grasping 
actions. For example, in robotics and automation field, robotic grasping has been an 
active research subject for decades, and a great deal of efforts has been spent on grasp 
synthesis algorithms to help robots grasp visually presented objects [5 and 6]. In addi-
tion, efforts have also been focused on object recognition using grasping cues [7 and 
8] and grasp recognition by robots [9]. This is also the case in psychology. By far, 
examination of the interaction between perception and action has primarily centered 
on how visual features of an object can potentiate human’s reaching and grasping 
actions toward the object. Psychological research has shown that visually presented 
graspable object can directly activate observer’s structural action representation, 
which in turn influences both recognition [10] and grasping execution [11] toward 
that object.  

These lines of evidence support Gibson’s “object affordances” hypothesis [12 and 
13] suggesting that humans perceive directly what tools afford in terms of meaningful 
actions, and visual objects can potentiate motor responses even in the absence of the 
observer’s intention to implement an action. A growing body of evidence has already 
indicated that visual manipulable objects can automatically elicit action representation 
associated with grasping and moving an object without the observer’s intention to act 
and even without their attention allocated to it [14 and 15]. For example, when partic-
ipants were instructed to respond rapidly to the change in the prime objects’ back-
ground color (either blue or yellow) by mimicking precision or power grip responses, 
they produced faster precision-grip responses to pinchable prime objects  compared 
to the “graspable” ones, and faster power-grip responses when primed with graspable 
objects compared to pinchable objects, suggesting that the grip type of prime object 
irrelevant to the task affected participants’ structural hand response (precision and 
power grasp) [16]. However, the potentiated action has been largely limited to struc-
tural manipulation associated with grasping and moving a manipulable object in terms 
of hand-object interaction.Therefore, little is known about if visual objects can also 
directly afford functional manipulation even when observer’s attention is not allo-
cated to the objects. Few psychological studies that touched on this issue provided 
inconsistent results. Evidence from neuroimaging studies showed that passively view-
ing a manipulable tool suffices to evoke its action information [17]. But due to the 
fact that most of the man-made objects in these experiments can be manipulated  
in both ways (e.g., we can structurally manipulate a calculator by grasping and  
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moving it, and functionally manipulate it by poking its keys), we are not sure it is the 
structural manipulation or functional manipulation that leads to the activation of mo-
tor-related brains areas, including inferior parietal lobule, intraparietal sulcus and 
superior parietal lobule [17 and 18]. Brain imaging studies cannot help us to detangle 
the respective contribution of grasp-based action and function-based action. Several 
behavioral studies provided much more straightforward evidence suggesting that a  
manipulable object has to be processed to some degree before its functional manipula-
tion information being evoked, and passively viewing the object is not enough to  
potentiate its functional manipulation information [19 and 20]. 

Based on the previous research, the goal of present study is twofold. We will  
examine: 1) if passively viewing a manipulable object is sufficient to activate its func-
tion-based action information; and 2) if so, is the function-based action information of 
a manipulable object able to affect its recognition? In order to address these issues, a 
priming paradigm modified from Helbig et al. [21] was used. Given the extensive 
experience we have interacted with common objects in terms of using them in our 
daily life, we hypothesized that function-based action knowledge could be a necessary 
component of object representation rather than a by-product of object processing. 
Therefore, it is predicted that passively viewing objects suffices to elicit their  
function-based actions. 

2 Method 

2.1 Participants 

Participants consisted of a total of 16 undergraduate and graduate students (12 males 
and 4 females), ranging from 20 to 26 years of age (M = 20.1 years). All parti-cipants 
had normal or corrected-to-normal vision, and they were unaware of the purpose of 
the experiment.  

2.2 Stimuli 

We used 132 Gray-scale photographs of objects, including 86 man-made familiar 
manipulable objects and 46 animals, all of which were turned into a square of 
280×280 pixels. Picture size on the screen was circa 9.7 cm by 9.7 cm, with a viewing 
distance about 85cm in order to keep the same visual angle about 6.5° with Helbig et 
al. [21]. All images were presented in the center of a 17-inch CRT computer monitor 
with a resolution of 1,024 by 768 pixels and a refresh rate of 80 Hz. 

According to the functional manipulation actions of the prime objects and target 
objects, the experiment set up four conditions: congruent condition (the prime object 
and target object shared similar functional manipulation, e.g. a calculator and key-
board shared the same action of manipulation “poke” when using them); incongruent 
condition (functional manipulation of the prime object was different from that of tar-
get object, e.g., actions associated with using a keyboard and using an abacus were 
different ); control condition (the prime objects were man-made object but hardly 
served a functional manipulation, e.g., tower) and unrelated condition (the prime  
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objects were animals). Each of the four conditions contained 27 prime-target pairs 
with the same set of 27 target objects. 

Because the participants were required to conduct object categorization task (judg-
ing if the target object is living or nonliving), we added another four filter conditions 
in each of which the same set of 27 living objects was used as target objects while the 
prime objects kept the same to the corresponding four experimental conditions. 
Therefore, the experiment was consisted of 27×4×2 trails in total. 

In order to match object familiarity of the prime objects as well as visual similarity 
of prime-target pairs that might compound the expected functional manipulation con-
gruency effect, we first asked 30 participants, none of whom took part in the experi-
ment, to rate the familiarity and object manipulability of the original 184 objects  
pictures. Ratings were also obtained with regard to visual similarity and functional 
manipulation congruency between 196 pairs of prime and target objects, all of which 
were matched from the 184 objects. All the dimensions were rated on a five-point 
scale. We selected the final 27 prime-target pairs in each condition that repeated-
measured ANOVA revealed no significant difference in the familiarity of the prime 
objects among the four critical conditions, but showed significant differences in func-
tional manipulation congruency of the prime-target pairs among the four critical con-
ditions, F(3, 24) = 256.8, p < .001. Post-hoc tests showed that functional manipulation 
congruency of prime-target objects in congruent condition (4.06) is much higher than 
that in incongruent (2.23, p < .001), control (1.25, p < .001) and unrelated conditions 
(1.09, p < .001). Although repeated measure ANOVA also revealed significant differ-
ences in visual similarity of the prime-target pairs among the four critical conditions, 
F(3, 24)=55.16, p < .001, Post hoc tests showed that the difference was attributed  
to higher visual similarity of prime-target pairs in congruent (3.25) and incongruent 
condition (3.12) than that in control (1.57, p < .001) and unrelated conditions (1.37, p 
< .001), while visual similarity between congruent and incongruent conditions  
revealed no difference. 

2.3 Procedure 

The experiment procedure was adapted from Helbig et al.’s research [21]. As schema-
tized in Fig. 1, each trail started with a fixation point that remained 500ms on the 
center of the screen. After a blank white screen of 700ms, the prime object was 
present for 300ms and immediately replaced by another blank screen that was pre-
sented for 250ms. The blank screen was immediately followed by the target object 
that would not disappear until the response was made. 

Different from the task in Helbig et al.’s research, the present experiment required 
participants to make object categorization task as quickly as possible without sacrific-
ing accuracy. Object categorization responses were made by pressing A if the target 
object was man-made and L if it was a living object on the keyboard. All participants 
were right-handed and the dominant right hand was always used for responding to 
man-made targets. RTs were measured from the onset of the target objects. 
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Fig. 1. Sequence of presentation in a typical trail for experiment 

3 Results 

All the data were analyzed using SPSS 17.0C (SPSS China). One participant was not 
included in the analysis because of his accuracy that is below three standard deviation 
of the mean. Response accuracy was not analyzed because it approached the ceiling 
that is higher than 99.7% in each condition. Reaction times more than 3 standard dev-
iations above the mean were abandoned, as were trails with incorrect response. Total-
ly, 1.54% trials were excluded. Because the primary goal of the present study is to 
examine if the action congruency effect would occur when the prime objects were 
merely passively viewed, therefore the data was analyzed with paired T-tests to di-
rectly compare participants’ reaction times to target objects in congruent conditions 
with reaction times in incongruent conditions. Due to our prediction that the target 
objects in congruent condition would be identified much faster than in incongruent 
condition, one tailed paired t-tests was conducted. 
 

 

Fig. 2. Mean reaction times of target object classification in the four critical conditions  
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The response times for incongruent condition is the longest (RT = 556ms), while it 
is the shortest for congruent condition (RT = 543ms). Identification time for control 
condition (RT = 553ms) and unrelated condition (RT = 552ms) fell in between  
(Fig. 2). The results of the paired t-test showed that participants classified man-made 
target objects that shared with the prime objects similar functional manipulation sig-
nificantly faster than target objects with different manipulation from the primes, t(26) 
= 1.9, p < .05. It also revealed faster responses for congruent condition as compared 
with the control condition, t (26) = 1.73, p < .05, as well as the unrelated condition, t 
(26) = 1.8, p < .05. No significant difference was found among incongruent condition, 
control condition and unrelated condition. 

4 Discussion 

Results of the experiment indicated that there was a reliable priming effect for func-
tional manipulation. Specifically, when an object that afforded a specific functional 
action was primed by anther object with a similar functional manipulation, it would 
be processed and then identified more quickly. The action congruency effect occurred 
even when action-related information of the prime object was irrelevant to the expe-
rimental task and our participants had no intention to make any action response to the 
prime. More importantly, given the fact that the prime object per se was irrelevant to 
the categorization task, this result strongly demonstrated that passively viewing a 
manipulable object was sufficient to elicit its functional manipulation knowledge. 
Additionally, the action congruency effect couldn’t be attributed to several potential 
variables due to the fact that both the visual similarity of the prime-target pairs in 
congruent and incongruent conditions and the familiarity of the primes among the 
four critical conditions were controlled in the experiment.  

4.1 Hand-Object Interaction: From Grasping to Using 

Since initially introduced by Gibson to explain how inherent “meanings” of objects in 
the environment can be directly perceived, and linked to the action possibilities of-
fered to the agent [13], concept of object affordances has been developed by many 
other researchers and used in a variety of fields [see reviews, 22 and 23]. Though 
contemporary researchers still hold different views on affordances, most of them have 
been primarily focused on simple and mechanical actions associated with grasping 
objects, which relies on online processing of visual manipulation properties, such as 
object shape, size and orientation. As mentioned above, in robotics and automation 
field, scientists aim to create autonomous robotics not only capable of grasping a 
manipulable object, but also of categorizing and detecting objects according to their 
grasping affordances. However, our interaction with manipulable objects is not li-
mited to simple and biomechanical reaching-out and grasping actions, it also involves 
complex functional manipulation that is more central to human’s life dominated by 
tool use. Therefore, a more intelligent robot should be also capable of functionally 
manipulating a tool, and recognizing a tool according to its functional affordances. 
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The present study provided direct evidence for the notion that visual manipulable 
objects would also automatically afford human’s action representation associated with 
using them, and the potentiated functional manipulation would in turn affect recogni-
tion of the objects. The extension of affordances in humans would be applied to robot-
ics filed as well. New algorithms or methods would be explored to help robots  
functionally manipulate a visually presented tool or recognize the object by extracting 
its functional manipulation affordances. 

4.2 Is Functional Action Knowledge A Key Part of Object Representation? 

Though much evidence from behavioral , brain imaging and even neuropsychological 
research supported that action knowledge associated with an object’s specific usage is 
an important component of the its representation, less of them are not without contro-
versies [20]. Generally, we are not sure whether the activation of functional action 
information has a genuine causal role in object representation, or it is just a by-
product of semantic or post-semantic object processing [for a review see 24]. Moreo-
ver, as for the issue if functional manipulation could be elicited under passively  
viewing condition, brain imaging research has not provided us a consistent picture. 
For example, while some studies have indicated that passive viewing of tools is suffi-
cient to evoke a range of specific cortical activation associated with motor processes 
[17 and 18], others reported that brain regions specific to tools was evoked only when 
participants engaged in naming or object categorization task, not during passively 
viewing [25]. 

To our knowledge, the present study provided the first behavioral evidence that 
functional manipulation can be evoked under passive viewing condition. Due to the 
fact that participants in our experiment were neither required to attend to the prime 
objects nor biased to process action-related properties of the primes by asking them to 
make responses with prehensile actions, the action congruency effect we obtained 
excludes the possibility that the automatic activation of functional manipulation is an 
epiphenomenon of semantic or post-semantic object processing. On the contrary, it 
suggests that action representation associated with object use can pop out even when 
viewed passively. This result strongly supports the view that functional manipulation 
knowledge of man-made object is a necessary part of object representation. 
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