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ABSTRACT 

 
This paper describes an attempt to ground 

the meaning of relational concepts in the sen-
sory-motor dynamics resulting from our active 
interaction with the world. It is suggested that 
relations are encoded by executing or mentally 
simulating actions which are constrained by 
the environment and the specifics of our 
physical bodies. The virtues of the approach 
are demonstrated by a computational simula-
tion of spatial relations recognition. Finally, an 
empirical study which renders support for the 
embodied view on relations is reported. 
 

INTRODUCTION 
 

The symbol grounding problem is one of 
the most pervasive issues in cognitive science. 
And one of the toughest aspects of the problem 
is the question where the meaning of relations 
comes from. Relational meaning is particularly 
hard to catch because relations do not corre-
spond to any physical entity. The referents of 
relations are not directly perceivable. At the 
same time, relational concepts are not neces-
sarily abstract so one can not argue that their 
meaning is determined by a conceptual meta-
phor or by their position in a semantic net-
work. 

Earlier models of relational reasoning just 
disregarded the problem of the origin of rela-
tional meaning. They treated relations as sym-
bolic propositions which were provided for 
free at the input of the models. More recent 
studies attempted to solve the problem by pos-
tulating the existence of unique features - per-

ceptual primitives, which determine the exis-
tence of a relation. Most studies in this direc-
tion were in the area of vision and focused on 
spatial relations (Biederman., 1987; Hummel 
& Biederman 1992; Regier 1996). Although 
they were quite successful in finding various 
geometric primitives which could be used as 
building blocks of common spatial relations 
(such as ‘above’, ‘left-of’, ‘in the middle’), 
they did not solve the general problem since 
they failed to account for a variety of context 
effects and did not provide any clue how to 
deal with other kinds of relations.  

A more general approach to understand-
ing the essence of relations was offered by two 
models that were based on models of analogy-
making – SEQL (Kuehne, Forbus, Gentner, & 
Quinn, 2000) and DORA (Doumas, Hummel, 
& Sandhofer, 2008). These models proposed 
that relational meaning is abstracted by com-
paring situations in which the relation is im-
plicitly present. The DORA model went a step 
further by suggesting that the representation of 
a relation is basically a temporal organization 
of lower order propositions - relational roles. 
Thus a progress was made by implying that the 
representations of relations are dynamic and 
that relations cannot be adequately represented 
by static features, whatever they are. However 
none of these two analogy-based models 
solved the relational symbol grounding prob-
lem entirely, as they assumed the existence of 
unknown semantic units which are required to 
define a relational concept or a relation role. 

The idea that time plays a crucial role in 
relational representations has also been ex-
ploited by the proponents of the dynamic sys-
tems account. For example, Cangelosi et al. 
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(2005) used a recurrent Elman network to 
catch the dynamics of visual scenes and gener-
ate a term describing the spatial relations be-
tween participating objects.  In their model 
relational categorization was linked to the abil-
ity to predict the development of an observed 
movement. In another study, Williams, Beer & 
Gasser (2008) showed that relational knowl-
edge could be grounded in the sensory motor 
loops of a simulated cognitive agent. The 
simulated agent was equipped with a body 
letting it interact with the world and the rela-
tional representations emerged as a dynamic 
pattern in its behaviour while solving a rela-
tional categorization task. Although such an 
approach to explaining cognition does not tell 
much about the underlying psychological prin-
ciples, it raises the important issue that the 
dynamic nature of relations could be only re-
vealed by tracing the interplay of action and 
perception in time. 

 
RELATIONS IN ACTION 

 
The above presented brief overview of 

current research on relations highlighted two 
major points. The first one is that relational 
representations need to be dynamic. The sec-
ond point is that continuous interaction with 
the environment is needed in order to extract 
relational constituents. Both observations led 
us to the proposal that the representations of 
relations should involve the execution or men-
tal simulation of actions. 

The idea that relations involve perform-
ing actions is not entirely new. One of the ear-
lier models of analogy-making (Hofstadter, 
1995) represented relations as little programs – 
codelets - which actively seek evidence for the 
existence of a relation in the environment. An-
other model of active recognition – RecMap 
(Petkov & Shahbazyan, 2007) – also involved 
execution of actions in order to confirm or 
reject anticipations about existing relations. A 
recent model of analogy development sug-
gested that all relations could be viewed as 
transformations (Leech, Mareschal, & Cooper, 
2008) and thus implicitly assumed that rela-
tions should involve action.  

The role of action in the representation of 
relations is twofold. Firstly, the execution or 
simulation of a specific action by itself brings 
meaning to the relation. Think about relations 
denoted by verbs such as ‘help’, ‘feed’, ‘stop’ 
– the literal meanings of all of them entails 
some physical activity. Other relations, such as 
‘support’, may also be construed into a set of 
possibilities for action. Consider the following 
example ‘the table supports the vase’. In order 
to comprehend this relation, one should know 
what would happen to the vase if the table is 
moved away. To do this, he or she could either 
push the table (this is what infants usually do) 
or mentally simulate this action and imagine 
the behavior of the vase. If it falls on the 
ground, than indeed the table has been support-
ing it. Luckily, when people gain enough 
knowledge about the world they live in, they 
rarely need to physically execute actions in 
order to verify the existence of relations.  
However there is growing evidence that they 
do simulate actions (see Glenberg, 1995, for a 
review). Humans (and primates) are simulating 
actions even when perceiving scenes, in which 
they are not personally involved. One of the 
discoveries made by cognitive science during 
the last decades has been the mirror neurons 
system (Rizzolatti & Craighero, 2004). It is 
believed that the mirror neurons are involved 
in the mental simulation of actions performed 
by another individual. Such a system will let 
us understand that loves(‘John’, ’Marry’) when 
we see John hugging or kissing or even look-
ing as if he would hug or kiss Marry. 

The second role of action is to enable the 
role-filler binding. The idea of dynamical role-
filler binding driven by temporal synchrony 
dates back to Shastri (Shastri & Ajjanagadde, 
1993) and was exploited by the LISA model of 
analogy-making (Hummel & Holyoak, 1997). 
In LISA, the role-filler binding is implemented 
by consecutively activating propositions in the 
driver situation and making their sub-
propositions fire out of synchrony. Thus the 
LISA model suggests that there exist a univer-
sal mechanism for dynamic binding which is 
used for all kinds of relations. In our view, the 
temporal synchronization of role-filler items is 
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specific to each relation and is ensured by ac-
tion execution. The dynamics of action execu-
tion provides natural synchronization of the 
corresponding entities. Consider the sup-
ports(‘table’. ‘vase’) example. As already 
mentioned, according to our account one has to 
try to move the table away and observe the 
consequences in order to comprehend this rela-
tion. The decision to execute or simulate this 
action could be driven either top-down or bot-
tom-up. If it is top-down, there must have al-
ready been an anticipation that such a relation 
exists. Whatever the reason is, when the exe-
cution or simulation of the action is started, it 
naturally brings more activation to the table as 
it is the object that the action is applied to. At 
the same time executing this action activates 
the corresponding role of the sup-
ports(supporter, supported) relational concept - 
‘supporter’  - as it stands for the relational role, 
which the move-away action is applied to. 
When the action execution is completed the 
vase becomes more active as it is starting to 
fall and at the same the second role of rela-
tional concept – ‘supported’ also gains activa-
tion as it stands for the object that is supposed 
to fall. Thus ‘table’ is mapped to ‘supporter’ 
and ‘vase’ is mapped to ‘supported’ and the 
role-filler binding problem is solved. 

The following section provides an in-
depth demonstration of the above mentioned 
ideas.  
 

COMPUTATIONAL STUDY: SPATIAL 
RELATIONS CATEGORIZATION 

 
Goals 

The goal of this computational study is to 
provide a detailed demonstration of how the 
proposed embodied view on relational mean-
ing would work within the AMBR model of 
analogy-making (Kokinov & Petrov, 2001).  

Spatial relations were chosen for the 
simulation because they are a particularly good 
example of relations in general: they clearly 
have no direct physical manifestation and the 
range of entities that can serve as their argu-
ments is extremely large. In fact any material 

object may participate in a spatial relation. 
Thus spatial relations pose a problem to the 
existing approaches to grounding relational 
meaning (like DORA), which assume that 
there are particular attributes which describe 
the corresponding relational roles.  
 

Modeling architecture – AMBR 
The building blocks of AMBR are hybrid 

nodes (agents) which exhibit both symbolic 
and connectionist properties. Each node has its 
localist meaning (an object, relation, scene, 
etc), but at the same time it may be a part of 
the distributed representation of other nodes. 
Some of the nodes are marked as targets and 
can be mapped to other, semantically similar, 
nodes by means of specialized ‘hypothesis’ 
nodes. Semantic similarity is dynamically 
computed by marker-passing over the ‘ISA’ 
links between nodes. If a target node is 
mapped to more than one non-target node, the 
rivalling hypotheses start to inhibit each other. 
The hypothesis competition is finally resolved 
by a process of constraint satisfaction. The 
input to the model is a source of permanent 
activation which is attached to some of the 
nodes. The activation then spreads to the rest 
of the network as in a classical neural network. 
The nodes attached to the source of activation 
could be changed in the course of the time. 
 

Simulation 
The simulation is based on a scenario 

borrowed from the RecMap model of analogy-
based recognition (Petkov & Shahbazyan, 
2007). The knowledge domain of RecMap 
consists of two-dimensional figures with 
mnemonic names (Figure 1).  Some of the ob-
jects are ambiguous (toaster/table and flower-
pot/candlestick); some differ on a single rela-
tion (house/lorry and flowerpot/lamp); some 
have unique features (tree). We chose the 
house/lorry pair for our demonstration. Appar-
ently the only difference between these two 
entities is the spatial relation between their 
constituting parts.  
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Two spatial relations are crucial for this 
simulation – ‘above’ and ‘left-of’. In order to 
model their embodiment, a ‘body’ was simu-
lated by letting the model execute four types of 
actions, corresponding to moving the atten-
tional focus to four possible directions along 
the horizontal and the vertical axis. The repre-
sentation of ‘above’ is schematically depicted 
in Figure 2.  

Whenever a certain action is executed, 
the attention focus is moved in the correspond-
ing direction. For example, when the hypothe-
sized cognitive agents ‘looks’ upwards, the 
attentional focus moves to the upper object and 
the argument ‘upper’ of the relation ‘above’ is 
activated. When attention is moved down-
wards, the other argument ‘bottom’ is acti-
vated. The arguments themselves lack any 
details and have a weak link to the abstract 
entity ‘object’, so that any material object can 
map to them. The spatial relations participating 
in the representation of ‘house’ and ‘lorry’ are 
encoded by a dedicated binding node (H-
ABOVE for the ‘above’ instance in ‘house’) 
and by linking their constituent parts to the 
corresponding arguments of ‘above’ and ‘left-
of’. 

The input to the simulation consisted of 
two objects – a square and a triangle. There 
were two items in semantic memory which 
were composed of a square and a triangle. That 
is why the only way to decide whether there 
was actually a house or a lorry in the environ-

ment was to take into account the spatial rela-
tions between the two perceived objects. We 
assumed that there is some bottom-up process 
that guides attention so that the agent does not 
look at empty places, but focuses just on the 
existing objects. When one of the objects is 
being fixated for some time, it becomes unin-
teresting and the probability that an action will 
be performed and the other object will be fix-
ated increases. 

An action is executed by activating the 
corresponding action node. The activation is 
not persistent but the action node retains some 
activation for a period time according to the 
decay rate of its activation function. Due to the 
links form the action nodes to the arguments of 
the spatial relations, each time the attention 
focus is moved by executing an action, the 
corresponding arguments of the relations are 
activated. So it happens that in approximately 
the same moment when the attention is redi-
rected to a different object by executing an 
action, the corresponding arguments of the 
spatial relations are activated. The spatial rela-
tion arguments (relational roles) on their part 
activate those objects in memory that had been 

H-ABOVE

ABOVE

UPPER

MOVE UP MOVE DOWN 

ROOF
BASIS 

HOUSE

BOTTOM 

OBJECT 

Associative link 

ISA link 

Part-of link 

Figure 2. Representation of a spatial 
relation (ABOVE) and an instance of it 

(H-ABOVE)

toaster          flowerpot           lamp 
table            candlestick 

  house        lorry           tree 

Figure 1. RecMap knowledge 
domain (Petkov & Shahbazyan, 2007) 
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bound to the relational roles in the past. As a 
result, the activation peaks of target objects 
coincided in time with the activation peaks of 
those memorized objects which were bound to 
the same relation role. To put it otherwise, 
objects that must be mapped as corresponding 
arguments of the same spatial relation are acti-
vated at the same time. Thus spatial relations 
are actuated in the dynamics of the interaction 
of action and perception (Figure 3).  

It turns out that ensuring that correspond-
ing objects from memory and environment are 
activated at the same time is enough to bring 
the AMBR constraint satisfaction process to 
the desired outcome. This is an emergent re-
sult. It was not modelled specially for the pur-
pose of this simulation. Figure 4 shows the 
outcome of the simulation with embodied rela-
tions. It is clear that when no actions were per-

formed, the system was not able to disambigu-
ate the perceptual input. It is notable that just a 
few movements were enough to resolve the 
constraint satisfaction network in the relevant 
way – a fact that is consistent with our intui-
tion that we do not need to wonder much in 
order to establish a certain spatial relation. 

Conclusions 
The computational study described above 

demonstrated how an embodied approach to 
representing relations would work in practice. 
Although the simulation was based on toy ex-
amples, its dynamics was complex enough to 
reveal the essence of the proposed approach – 
executing action dynamically binds target ob-
jects to role nodes of the relevant relations. 
Although the simulation was focused on the 
process of relational categorization, it was also 
demonstrated how embodied relations can be 
exploited in any kind of analogy-driven rea-

Figure 4. A) The rival recognition hypotheses 
characterizing the target scene. Note he inhibi-
tory link between them. B) The activation lev-
els of the recognition hypotheses after several 
movements are performed and when no action 
is modeled, but just the two target objects are 

changing turns as attentional focus. The 
maximum activation level is 1.0. 

Figure 3: The dynamics of the sensory-motor 
loop. Note the oscillating activation levels of 

the two house parts which coincide in time with 
the changes of the perceptual input. 
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soning, as long as in the AMBR model catego-
rization is implemented by means of the gen-
eral structure mapping principles. 

One issue that was not addressed in this 
computational study was how the proposed 
relational representations were acquired. Our 
approach of grounding relation meaning in 
action implies that learning relations is de-
pendent on acquiring certain motor skills. In 
particular, the formation of spatial relational 
concepts is related to the ability to direct the 
focus of attention. Such a view is supported by 
sensory substitution studies (e.g. Collins & 
Bach-y-Rita), which have shown that atten-
tional control is essential for space perception, 
even more important than perceptual resolu-
tion.  

One of the specifics of this computational 
study was that it demonstrated how relations 
are grounded in actually (physically) executed 
actions. Another valid point is that the encod-
ing of spatial relations was entirely bottom-up 
driven. We assume that this is the case for all 
relations as ubiquitous as spatial ones, when 
the actual execution of grounding actions 
comes at no or little cost. There is already evi-
dence (e.g. Spivey & Richardson, 2001) that 
people tend to move their eyes when imagin-
ing spatial configurations, which renders sup-
port to our hypothesis that eye and head 
movements are employed in the representation 
of spatial relations. 

Last but not least, the simulation demon-
strated how the idea of grounding relations in 
action can be integrated into a general cogni-
tive architecture, which aims to model cogni-
tive phenomena ranging from low-level per-
ception to high-level problem solving. 
 

EMPIRICAL STUDY: EVIDENCE FOR 
EMBODIED FUNCTIONAL RELATIONS 

 
The proposed approach to grounding re-

lational concepts in action makes numerous 
predictions which can be tested empirically. 
For example, the assumption that performing 
or simulating action is necessary for grasping 
relational meaning implies that relations are 
dependent on the constraints of the body which 

executes or simulates the actions. The goal of 
this study is to provide evidence for such de-
pendence. 

One way to investigate the role of the 
body in relational representation is to exploit 
the idea of affordances, initially introduced by 
James Gibson (Gibson, 1977). Gibson defined 
affordances as ‘action possibilities’ - qualities 
of objects, or the environment, which allow an 
individual to perform a certain action. For ex-
ample, a stairs in a house would allow a visitor 
to climb to the second floor, but not if the steps 
are 1 meter high. 

Recent studies in the stimulus response 
compatibility paradigm have found evidence 
that the mere perception of an object immedi-
ately activates potential motors interactions 
with it (e.g. Tucker & Ellis, 1998; 2004). The 
specifics of these potential motors interactions 
are dependent on the constraints of the body of 
the perceiver. For example, Tucker & Ellis 
(1998) asked subjects to make an orientation 
judgement (right-side-up/upside-down) about 
pictures of household objects such as a coffee 
mug. Each object had an affordance - a handle 
- on the right or the left side. It was found that 
subjects were faster when they responded us-
ing the hand that was on the same side as the 
affordance. 

The goal of the present study is to pro-
vide evidence that the affordances of the ob-
jects participating in a given relation influence 
the way the relation is processed and therefore 
the recognition of the relation involves simu-
lating action.  To this end, a task was devised 
which required subjects to compare the rela-
tions between two pairs of objects with vary-
ing affordances. 

 
Hypotheses 

The proposed view on relations postu-
lates that in order to compare the relations be-
tween two pairs of objects; one must perform 
or simulate the actions which the two relations 
are grounded in. Hence, the first hypothesis is 
that there will be an effect of the affordances 
of the objects on the subjects’ performance in 
the task. 

A second prediction is that participants 
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will solve the task more efficiently when they 
are able to simulate the two actions concur-
rently. As it was already suggested in the first 
part of this paper and demonstrated in the 
simulation study, in order to map the corre-
sponding arguments of two instances of a rela-
tion, their activation peaks must coincide in 
time due to the execution of an action which 
participates in both representations. Hence, we 
expected that there would be not only a main 
effect of the objects’ affordances, but that a 
specific pattern of interaction between the af-
fordances of the objects would emerge, reflect-
ing the constraints of the human body to exe-
cute two actions at the same time. 

 
Method 

Paricipants 48 participants (26 females, 
6 left-handed) took part in the experiment for 
course credit or as volunteers. Their average 
age was 23.02 years (age range from 17 to 34, 
SD = 3.24). 

Stimuli The stimulus set was constructed 
out of 144 photos of various household ob-
jects. Each stimulus consisted of two pairs of 
objects. The objects in each pair participated in 
a certain functional relation, such as ‘hammer’ 
– ‘nail’, ‘key’ – ‘lock’, ‘fork’ – ‘spaghetti’, etc. 
In all pairs, one of the objects had a prominent 
affordance – left or right. The relations in the 
two pairs were the same in half of the stimuli 
(i.e. the two pairs of objects were analogous) 
and different in the others (the two pairs were 
non-analogous). A pre-test study was used to 
organize the objects pairs in such a way that 
there was maximal agreement among people 
whether the relations were same or different. 

All images were resized to 400x400 pix-
els. The two object pairs were separated by a 
vertical line (Figure 5). The object that had a 
prominent affordance was always located at 
the bottom. 

Design The two independent variables 
were trial type (‘analogous’/’non-analogous’) 
and the affordance of the two object pairs. A 
pair of objects was made to be with left or 
right affordance by orienting in such a way, 
that it was easier to grasp the bottom object 
with the left or the right hand. 

Thus there were four levels of the affor-
dance factor: 

LR – the affordance of the left pair was 
left and the affordance of the right pair was 
right. 

RL - the affordance of the left pair was 
right and the affordance of the right pair was 
left. 

LL – both affordances were left 
RR – both affordances were right. 
 
The dependent variable was the reaction 

time of verbal responses (‘yes’/’no’). 
 

Procedure Each stimulus was presented 
once to each subject. Affordance conditions 
and the location of objects (left/right) were 
counterbalanced across subjects. Analo-
gous/non-analogous trials were randomized.  

Participants were tested in a sound-proof 
booth. The stimuli were presented on 19” 
computer monitor with a resolution of 
1280x1024 pixels. Before the actual experi-
ment all participants went through a micro-
phone training session in order to make sure 
that they articulate their responses clearly 
enough. The experimental session started with 
8 practice trials, none of which appeared in the 
experimental part. Each trial began with a cen-
trally location fixation cross (300ms), followed 
by the stimulus onset. The stimuli stayed on 
the screen for 5000ms or until a response sub-
ject’s response was generated. Participants 
responded by saying ‘yes’ or ‘no’. The inter-
trial interval was 2500 ms. Stimulus presenta-
tion and response recordings were controlled 

Figure 5. An example of a ‘analogous’/‘LR’ 
(on the left) and a ‘non-analogous’/‘LL’ trial 

(on the right). 
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by E-prime software. The experimenter stayed 
with the subjects during the experiment and 
marked the response to each trial, as well as 
the invalid trials. The experiment took about 
10 minutes. 

 
Results 

Trials in which the subject failed to re-
spond or to articulate his or her response 
clearly were excluded from the analysis. A 
response was regarded as a correct one if the 
subject responded by saying ‘yes’ to a pair of 
relations which were designed to be analogous, 
and responded by ‘no’ if the trial was non-
analogous. Incorrect answers were excluded 
from the analysis. Responses times lying more 
than ±2.5 standard deviations from the ‘analo-
gous/’non-analogous’ RT means were re-
moved as well. Thus, a total of 94.44% of the 
originally collected RT data were included in 
further analysis. 

Analogous and non-analogous trials were 
analysed separately. A one way repeated 
measures ANOVA was performed on subject 
RT means and revealed significant main effect 
for analogous trials (F(3, 141) = 2.73, p < .05), 

but failed to find an effect for non-analogous 
trials (F (3, 141) = .47, p > .7).  

A set of planned orthogonal contrast tests 
revealed significant difference between condi-
tions LR and RL (F(1, 47) = 5.11, p < .05), RL 
and LL (F(1, 47) = 2.21, p < .05), LL and RR 
(F(1, 47) = 4.67, p < .05) when the two rela-
tions were analogous. There were no signifi-
cant differences between affordance conditions 
in the non-analogous trials. The results are 
presented in Figure 6. 

Another way to look at the data is to re-
gard the affordances of the two pairs of objects 
as separate factors – ‘left affordance’ and 
‘right affordance’. A 2x2 (left x right affor-
dance) repeated measures ANOVA on subject 
RT means in the analogous trials revealed sig-
nificant main effect of the left affordance (F(1, 
47) = 9.99, p < .01) and failed to find an effect 
of the right one (F(1, 47) = .02, p > .8).  The 
interaction was not significant (F(1, 47) = .04, 
p > .8). Similar results were found when only 
right-handed subjects were included in the 
analysis (left affordance: F(1, 41) = 9.80, p < 
.01; right affordance: F(1, 41) = .64, p > .4). 
However the pattern of results was reversed 
when only left-handed subject were analysed 
(left affordance: F(1, 5) = .49, p > .5; right 
affordance: F(1, 5) = 7.12, p < .05) . 

 
Discussion 

The results clearly demonstrated that 
comparing functional relations between objects 
activates motor representations related to their 
manipulation. Moreover, the patterns of results 
indicate that the effect is not due to the mere 
activation of possible actions. If this was the 
case one would expect to find a main effect of 
the relation which was presented near the 
dominant hand. Other studies have shown that 
the affordance effect is stronger for the domi-
nant hand (e.g. Spivey, Richardson, & Cheung, 
2001). However the result is easy to explain if 
we assume that people tried to simultaneously 
simulate the actions involved in both relations. 
If this is the case then the relation on the non-
dominant side becomes the critical one, as sub-
jects will have to simulate an action in an un-
usual way, using their non-dominant hand, 

1750

2000

2250

2500

LR RL LL RR

Affordance Conditions

R
T 

(m
s)

Analogous Trials
Non-analogous Trials

Figure 6. Experimental results. The differ-
ence between affordance conditions is sig-

nificant only in the ‘same’ trials. 
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while their dominant hand is engaged in an-
other action. 

In order to make sure that the observed 
effect is not due to automatic activation of mo-
tor representations, but to simultaneous action 
simulation, we ran a control study.  

 
Control study 

Participants 16 right-handed participants 
(11 females) took part in the study. Their aver-
age age was 23.75 years (age range from 19 to 
54, SD = 8.36). 

Stimuli The stimuli set consisted of the 
same objects with manipulate-able affordances 
which were used in the analogous trials of the 
previous experiment. The second objects of the 
corresponding relations were not displayed. 
Thus people saw two objects per screen (16 
target trials). 

Design The design involved two inde-
pendent variables: the affordances of the ob-
jects located on the left and on the right side of 
the screen. The dependent variable was again 
verbal reaction time. 

Procedure The setting of the experiment 
was the same except for the task. In this ex-
periment, participants had to say ‘yes’ if none 
of the presented object was of natural origin 
and say ‘no’ otherwise. A set of 16 filler trials 
was compiled using 16 photos of man-made 
objects, none of which was used in the target 
trials, and other 16 photos of natural objects 
(fruits, plants, rocks, etc). 

Results and Discussion Filler trials were 
not included in the analysis. Trials with errors 
as well as responses times lying more than 
±2.5 standard deviations from the RT mean 
were also removed. 

A 2x2 (left x right affordance) repeated 
measures ANOVA was performed on subject 
means reaction times. It revealed a significant 
main effect of the affordance of the objects 
located in the right side of the screen (F(1, 15) 
= 4.80, p < .05) and failed to find an effect of 
the affordance of the left objects (F(1, 15) = 
.98, p > .3). The interaction was not significant 
(F(1, 15) = .20, p > .6). 

The results of the control study ruled out 
the possibility that the effects of the main ex-

periment were due to automatic activation of 
motor representations by object perception. 
Thus it rendered additional support for the 
hypothesis that comparing relations involves 
the simultaneous execution or mental simula-
tion of corresponding actions. 

 
FINAL CONCLUSIONS 

 
The present paper described a new ap-

proach to solving the relational symbol 
grounding problem by suggesting that repre-
sentations of relations involve real or simu-
lated execution of actions. A computer simula-
tion showed that such an approach is computa-
tionally feasible and an empirical investigation 
managed to find evidence that it is psychologi-
cally plausible. We consider these studies as 
the first steps in a new line of research, which 
aims at revealing how our unique human abil-
ity to do complex relational reasoning is built 
upon the constraints of our bodies and the ex-
perience from our everyday interactions with 
the world.  
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