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Abstract This paper reports empirical findings on human
performance in an experiment comprising a perceptual task
and a motor task. Such findings should be considered in de-
sign of robots, since drawing inspiration from natural solu-
tions not only should prove beneficial for artificial systems
but also human-robot interaction should then become more
efficient and safe. Humans have developed various mech-
anisms to optimize the way actions are performed and the
effects they induce. Optimization of action planning (e.g.,
grasping, reaching or lifting objects) requires efficient selec-
tion of action-relevant features. Selection might also depend
on the environmental context in which an action takes place.
The present study investigated how action context influences
perceptual processing in action planning. The experimen-
tal paradigm comprised two independent tasks: (1) a per-
ceptual visual search task and (2) a grasping or a pointing
movement. Reaction times in the visual search task were
measured as a function of the movement type (grasping vs.
pointing) and context complexity (context varying along one
dimension vs. context varying along two dimensions). Re-
sults showed that action context influenced reaction times,
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which suggests a close bidirectional link between action and
perception as well as an impact of environmental action con-
text on perceptual selection in the course of action planning.
These findings are discussed in the context of application for
robotics and design of users’ interfaces.
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1 Introduction

When humans perform a particular action such as, for ex-
ample, reaching for a cup in a cupboard they need not only
to specify movement parameters (e.g., the correct width of
the grip aperture) but also to select movement-related infor-
mation from the perceptual environment (e.g., the size and
orientation of the cup’s handle). Moreover, the context in
which the grasping action is performed may also have an im-
pact on both the action performance and the prevailing per-
ceptual selection processes of the agent. If the cup is placed
among other cups of different sizes and handle orientations,
selection might be more difficult as compared to when the
cup would be placed among plates. In the first case, the con-
text varies along at least two dimensions that are relevant
for grasping a cup (size and orientation of handles). In the
second case, the cup is embedded in a homogeneous context
also consisting of dimensions irrelevant for grasping a cup
(breadth of plates). Therefore, the two environmental con-
texts might result in different processing speed of the envi-
ronmental characteristics.

The idea that human perceptual selection is tuned to
action planning has been inspired by the ideomotor per-
spectives of, e.g., James [1] and, most prominently, Green-
wald [2]. Ideomotor theorists postulate that action planning
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consists in representing desired action goals in the form of
anticipated sensory consequences of the planned actions.
This sort of representational content is possible thanks to
human life-long experience with consequences of particular
actions (e.g., if one knocks on a door, they will hear a knock-
ing sound and feel pressure on their finger joints). Thanks to
acquired experience with sensory effects of actions, human
perceptual system is able to veridically evaluate if the actual
consequences of particular actions match the desired ones (if
one knocks on the door and does not hear the desired sound,
they might need to increase the force of the knocking ac-
tion), for a similar approach see forward models of e.g. [3].
Such a view on human action planning implies that action
systems and perceptual/sensory systems in the brain must be
tightly coupled to allow for representing action in the form
of its anticipated sensory consequences. Hence, already at
the action planning stage, perceptual selection systems need
to be tuned to what is relevant to the planned action type.
This has been one of the main postulates of the selection-
for-action view [4], premotor theory [5] or common coding
perspectives [6, 7].

Several authors have provided empirical evidence for
the ideas of close coupling between action and percep-
tion in the human brain, e.g., [6–8]. Recent neuroimag-
ing techniques [9] and the discovery of mirror neurons,
e.g., [5] also provide evidence for close coupling of per-
ception and action. Although some authors postulate that
the fast “how/where” pathway for action is separate from
the slower “what” pathway for perception and conscious
processing [10], recent evidence shows much closer inter-
actions [11]. A prominent example of evidence for such a
fast neuronal route linking perception with action was de-
scribed by Humphreys and Riddoch [12]. The authors ex-
amined a patient MP who suffered from unilateral neglect.
Following damage to the fronto-temporal-parietal regions
of the right cerebral hemisphere, the patient was unable
to direct his attention to objects presented in his left vi-
sual field—a symptom typical for unilateral neglect patients.
When presented with a simplified visual search task, he was
impaired in finding objects defined by their perceptual fea-
tures when they were presented in his neglected field. For
example, when asked to detect a red object, he was unable
to detect a red cup. Interestingly, when the targets were de-
fined by action-related features of the objects (e.g., “look for
something to drink from”)—so-called affordances [13]—the
patient’s performance improved markedly also in the ne-
glected field. This indicates that there might be an efficient
link between action and perception, a so-called pragmatic
processing route that facilitates extraction of action-relevant
features of the environment. Similar results supporting the
idea of representation of object affordances and a pragmatic
processing route were obtained in experiments involving
healthy participants, e.g., [14–16].

1.1 Background of the Present Study

Recent studies demonstrated that visual selection processes
are highly dependent on intended action types [17] and
that the perceptual system can bias processing of action-
relevant features if they are congruent with the performed
action [18]. Wykowska, Schubö and Hommel [19] con-
ducted a series of experiments in which they observed
action-related biases of visual perception already at early
stages of processing. Importantly, these studies showed
action-perception links in a situation where action and per-
ception were completely unrelated and decoupled but had
to be performed in close temporal order. Participants’ task
was to detect a visually presented target (visual search task)
while they were preparing for a grasping or a pointing move-
ment. The target could be an object that differed from other
objects in size or in luminance. Wykowska and colleagues
found that performance in the visual search task was influ-
enced by the intended movement although the movement
was only planned at the time of completion of visual search
task. That is, detection of perceptual dimension (size or lu-
minance) was better when accompanied by the preparation
of a congruent movement (e.g., grasping for size and point-
ing for luminance) as compared to the preparation of an
incongruent movement. These results indicate a close link
between action and perception that merely coincide in time.
Moreover, as the perceptual task targeted at early stages
of perceptual processing, the authors concluded that action
preparation affected perceptual processing at the level of
early mental representations.

The aim of the present study was to investigate not only
the impact of action planning on perceptual processes but
also the impact of the context in which the action occurs.
The action context might influence not only behavior and
performance of an agent [20] but also the agent’s perceptual
stages of processing. So far, there has been a growing body
of evidence stressing the impact of perceptual context on
perceptual and cognitive processing, e.g., [21–27]. However,
to our knowledge, not much work has been done on how
action contexts influence perception. Our goal was to fill the
gap in this particular type of a research question.

2 Experimental Paradigm

We designed a paradigm in which participants were asked
to perform a perceptual task (an efficient visual search task)
in close temporal order to a motor task. The visual search
task consisted in detecting the presence of either a size or
a luminance target (in separate blocks of trials) embedded
in a set of other, distracting items. The motor task consisted
in grasping or pointing to a specific object on the Move-
ment Execution Device (MED). The motor task should be
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planned before the visual search task but executed only after
the search task was completed. In other words, while partici-
pants were performing the visual search task, the grasping or
pointing movement was prepared but not yet executed. The
action context consisted of objects of various sizes and sur-
face luminance that were mounted on the MED, see Fig. 2.
The action context could either be “simple” in which the ob-
jects varied along only one dimension (luminance) or “com-
plex” in which the objects varied along two different dimen-
sions: size and luminance. We reasoned that if action con-
text has an impact on perceptual processing then behavioral
performance of participants should be better (e.g., shorter
reaction times) in the simple context condition as compared
to the complex context.

2.1 Participants

Nineteen paid volunteers (16 women, mean age: 23.3) took
part. Two participants were left-handed, all had normal or
corrected to normal vision. All participants were experi-
enced with other visual search experiments but they were
not informed about purposes of this particular experiment.
The experiment was conducted with the understanding and
consent of each participant. Participants were asked to per-
form a practice session on the day preceding the experiment.
The practice session consisted of the motor task only, with-
out the visual search task.

2.2 Stimuli and Apparatus

The search display contained 28 grey circles of 1.7◦ of vi-
sual angle; 15 cd/m2 of luminance positioned on three circu-
lar arrays with a diameter of 6.8◦, 4.8◦, and 2.8◦. The target
could appear on one of four positions on the middle circu-
lar array at the upper left/right or lower left/right from the
middle point. The target was defined either by luminance
(lighter grey: 58 cd/m2, cf. Fig. 1, left) or by size (smaller
circle, 1.1◦ cm of visual angle, cf. Fig. 1, right).

Below the computer screen, the movement execution de-
vice (MED) was positioned. It consisted of a 43 cm ×
54 cm×13 cm box containing eight holes positioned also on
a circular array of 22.2◦ of visual angle. Round plastic items
that could vary in luminance and size each covering a LED
could be attached and detached from the box (cf. Fig. 2).
For the purpose of this experiment, we used the following
combination of objects:

(1) The “simple” action context (luminance dimension
only) consisted of four grey (0.6 cd/m2), medium-sized
(3.7◦ of visual angle) objects and four objects that dif-
fered in luminance: two being darker (0.17 cd/m2) and
two being lighter (2.1 cd/m2) than the standard elements
(cf. Fig. 2, left).

(2) The “complex” action context (luminance and size di-
mensions) consisted of four grey (0.6 cd/m2), medium-
sized (3.7◦ of visual angle) items and four grey items

Fig. 1 Examples of visual
search displays that contained a
luminance target (left) or a size
target (right)

Fig. 2 Movement execution
device (MED). Simple action
context (left) consisting in
objects that vary along the
luminance dimension (LED
lighting up and the objects on
MED are all defined by
luminance) and complex action
context (right) consisting in
objects that vary along the
luminance dimension (LED
lighting up) and size dimension
(items on MED)
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that differed in size, two being smaller (2◦) and two be-
ing larger (5.4◦) than the standard elements (cf. Fig. 2,
right). When the MED elements were lit up, their lu-
minance values were equal to: 5 cd/m2 for the darkest
item, 45 cd/m2 for the medium-light item and 99 cd/m2

for the lightest item. The luminance values were mea-
sured with Minolta Chroma meter CS-100. MED was
connected to the experimental computer via an LPT port
and was controlled by the computer receiving signals at
which moment which particular LED (out of the 8 at-
tached LEDs) should light up and for how long it should
remain lit.

2.3 Procedure

Participants were seated at 80 cm distance from the com-
puter screen on which the visual search task was presented.
The MED was positioned below the computer screen, in
front of the participants (cf. Fig. 3). Each experimental trial
began with a fixation cross displayed for 500 ms. Subse-
quently a movement cue (cf. Fig. 4) appeared for 1000 ms.
Participants were instructed to prepare for the movement but
not execute it until a signal from the MED would appear.
The cue was followed by a blank display (500 ms) and,
subsequently, by the search display presented for 100 ms.
A blank screen followed the search display and remained
on the computer screen until participants responded to the
search task. Upon response to the search task, one of the
LEDs on the MED lit up for 300 ms. This event constituted
the signal for participants to execute the prepared move-
ment, i.e., to either point to or grasp the object that lit up. Af-
ter the experimenter registered the participants’ movement
with a mouse key, a new trial began (cf. Fig. 4).

Fig. 3 Experimental setup. Participants were asked to perform the
movement task (grasping or pointing) on the MED with their left hand.
The movement ended when participants returned with their hand to the
starting position (space bar on the keyboard). The search task was to be
performed with the right hand on the computer mouse (target present:
left mouse key; target absent: right)

Participants were asked to be as fast and as accurate as
possible in the search task. Speed was not stressed in the
movement task. They were instructed in detail about their
task before the experiment started. The experiment consisted
of one practice block and 8 experimental blocks with 112 tri-
als each. During the practice block, participants trained the
movement task alone and subsequently, the detection task
(one block for luminance and one for size) together with the
movement task. The two target types (size and luminance)
were always presented in separate blocks and also the con-
figuration of objects on the MED was changed block-wise.
The order of blocks was balanced across participants. The
movement task was randomized within each block of trials.

2.4 Data Analysis

The analysis focused on the impact of context complexity on
perceptual processing. Only correct movement trials were
taken into analyses of both reaction times (RTs) as well as
error rates in the search task. Prior to RT analysis, incorrect
search trials, trials below 150 ms and exceeding 1200 ms,
as well as other outliers in the search task (+/−3 SD from
the overall mean of RT for each participant separately) were
excluded from further analyses.

From the remaining data, individual mean RTs and mean
error rates in the search task were submitted to analysis
of variance (ANOVA) with: target presence (target present
vs. absent), target type (luminance vs. size), movement type
(point vs. grasp), and action context (one vs. two dimen-
sions) as within-subject factors. If the environmental action
context of a movement has an impact on perceptual process-
ing of action-relevant characteristics, then the simpler con-
text (varying along one dimension) should yield better per-
formance in the search task as compared to the context con-
sisting of two-dimensions.

Fig. 4 A trial sequence. Each box represents an event of a trial (e.g.,
presentation of a fixation cross, of a movement cue). Presentation time
for each of the event is shown on the right side of the figure
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3 Results

The statistical analysis showed that action context had a
significant effect on search performance, F(1,18) = 5.5,
p < .05 indicating that the complex action context elicited
slightly longer RTs in the search task (M = 398 ms,
SEM = 15) as compared to the simple context (M = 392 ms,
SEM = 16). Moreover, this effect was more pronounced
for the grasping movement (simple context: M = 390 ms,
SEM = 15; complex context: M = 398 ms, SEM = 15)
as compared to the pointing movement (simple context:
M = 395 ms, SEM = 15; complex context: M = 398 ms,
SEM = 16), as indicated by the significant interaction of
movement type and action context, F(1,18) = 5, p < .05
(cf. Fig. 5).

Analogous analysis for error rates in the search task
showed no significant effect, all p > .5. However, the small
absolute differences were in line with the effects in RTs (cf.
Table 1).

Moreover, the present results replicated previous find-
ings [16] by observing the influence of intended movements
on perceptual dimension: interaction of movement type and
target type was significant, F(1,18) = 5, p < .05 indicating
again improvement in visual search performance for con-
gruent movements as compared to incongruent movements:
Size detection was faster when a grasping movement was
prepared relative to the size-incongruent movement (point-
ing).

Fig. 5 Mean reaction times in the search task as a function of move-
ment type and action context. Error bars represent standard errors of
the mean (SEM)

Table 1 Mean error rates in the search task as a function of movement
type and action context

Action context Mean error rates (%)

and SEM (in brackets)

Movement type

Point Grasp

Simple context 2.85 (0.5) 2.92 (0.7)

Complex context 2.86 (0.6) 2.96 (0.8)

4 Discussion

The aim of the present study was to investigate the influ-
ence of action context on perceptual processes during move-
ment preparation. Results showed that action context influ-
ences already early stages of processing, namely visual se-
lection. We believe that such results should be considered in
designs of artificial systems for various reasons. First, cur-
rent robotics systems have a limited computing power and,
therefore, need to have selection mechanisms implemented.
When designing such selection mechanisms, it might prove
beneficial to draw inspiration from natural solutions of the
brain. Moreover, efficient and safe human-robot interaction
requires robot behaviors that are intuitive for human users.
Robot behavior, in turn, might become intuitive only when
it is based on similar to human processing architecture. Fi-
nally, making use of the knowledge about the workings of
the human perceptual and selection mechanisms might al-
low for design of interfaces that are better suited to human
needs. Application to robotics of findings from experimen-
tal psychology, such as the present ones, will be further dis-
cussed in the following section of the paper.

Results of the present study showed that target detec-
tion in the visual search task was faster when the context
in which the movements were executed consisted of only
one dimension (luminance) as compared to two dimensions
(size and luminance). Interestingly, the action context ef-
fect was more pronounced for the more complex movement
(grasping) as compared to the simpler pointing movement.
Importantly, the design of the present experiment made the
movement execution (together with its context) completely
decoupled from the perceptual task. Therefore, the influ-
ences of action context on performance cannot be attributed
to late stages of the whole processing stream, i.e., as per-
ceptual consequences of the movement execution. Rather,
the present results show that action context influences al-
ready early perceptual processing. Such influence suggests
that the perceptual system makes use of environmental hints
when selecting action-relevant features of the environment.
It is important to note that the present results were obtained
in a rather restricted laboratory setting where all parame-
ters were strictly controlled so that other factors such as
prior knowledge or experience with the respective action
context could have no influence on the results. This might
have resulted in relatively small absolute differences in re-
action times. These effects would probably become larger
once they were examined in more natural settings, such as,
for example, a real kitchen scenario.

The present findings can be interpreted in a broad, evolu-
tionary context. Humans must have developed mechanisms
that optimize their interaction with the environment. As de-
scribed above, the means for optimizing such interaction
might be to represent planned actions in the form of their
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sensory consequences: if the actual consequences match the
desired, action has been successful. If not, certain movement
parameters need to be adjusted. This implies that the per-
ceptual system needs to be tuned to the action-relevant envi-
ronmental characteristics. A common representational code
for action and perception [6] might have turned out to be a
convenient and parsimonious way of allowing fast and ef-
ficient action-perception transition. Such common code im-
plies bidirectional links that can be used in such a way that
action planning can influence perception no less than per-
ception has an impact on action preparation. Human percep-
tual system works in a selective manner since the sensory
systems receive abundance of data that are not all necessar-
ily relevant, e.g., [28–30]. To filter out the irrelevant infor-
mation, human control mechanisms might enhance process-
ing of the relevant characteristics and suppress those neural
responses that are related to irrelevant characteristics. For
example, if one searches for a person dressed in a red shirt
within a crowd of people, they will prioritize processing of
the red colour and suppress processing of green or blue that
are not relevant to the task of finding a person dressed in
red. Similarly, when preparing for a certain movement type
like, for example, grasping a cup, humans might prioritize
processing of grasping-relevant characteristics (such as the
diameter of the cup) and attenuate the neural responses re-
lated to, for example, colour. Such biased processing might
be achieved with the means of a mechanism that weights
perceptual dimensions with respect to a desired goal. Hom-
mel et al. [6] have termed such action-related weighting
mechanism “intentional weighting”.

The present results suggest that the interactions between
perception and action might be even more complex. Our re-
sults showed that not only intended actions play a role in
perceptual selection processes but also environmental con-
texts in which the actions are performed. If the context varies
along several dimensions, perceptual selection is presum-
ably more difficult. When humans are preparing a move-
ment, they try to optimize their performance through effi-
cient selection of perceptual information that might be rel-
evant for that movement. This optimization process might
be especially important for complex movements as they are
more difficult. Therefore, humans might benefit from the en-
vironmental setting (i.e., a simple action context) more in
case of more difficult interaction (more complex movement)
as compared to a movement that is simple enough not re-
quire such a level of optimization.

5 Implication for Robotics

As argued above, humans have developed certain mecha-
nisms that allow for optimization of perception mechanisms
given the task at hand. These principles can be applied quite

directly to the design of robotics systems. The observed be-
havior on people support the design of modular perception
systems, that can run only the algorithms relevant to the cur-
rent action and using only the necessary sensory streams.
Limited computing power is not the only reason for such a
design. Horswill [31] proposed that by exploiting the con-
straints of the tasks and the environment, a general percep-
tion problem can be substituted by a more specific one, and it
is possible to prove that the specific method works more ro-
bustly and efficiently than the general one as long as the con-
straints hold. On a similar line, Kei Okada and colleagues
described action-specific behavior verification routines: for
example, an algorithm to detect if the water is running after
opening a faucet, or to observe the level of liquid in a glass
when transporting it [32].

The basic idea is to choose the right variables to observe
depending on the action. If the scene is very complex, with
hundreds of possible sources of information (i.e. many ob-
jects and people around the robot, images, sonar and laser
data, torque, velocity, and angle information from the arms,
sensory stream from the robot fingers), then it becomes es-
sential to carefully chose which ones to observe for a spe-
cific task. Consider the ideas of Itti and Arbib [33] where
they propose to focus the attention on the minimal subscene,
that only includes the relevant objects, so that the robot
should assign more resources to tracking the object that is
being manipulated and the nearby obstacles.

In our research we apply the ideas of action- and context-
guided perception to controlling autonomous robots per-
forming everyday manipulation tasks [34, 35]. Figure 6
shows our mobile manipulation platform performing pick-
and-place tasks in a kitchen environment. The robot is
equipped with sensors including a stereo camera setup, a 3D
laser scanner, a time-of-flight camera, two laser scanners for
navigation, and a micro-camera-based fingertip sensor. Each
one of the mentioned components delivers its own sensory
stream, with a bandwidth ranging from approx. 100 KiB/s to
1000 MiB/s. The perception system [36] performs a variety
of perceptual tasks including perception of objects and inter-
pretation of scenes. In order to perceive objects the system
can detect, find, classify, localize, recognize, (geometrically)
reconstruct models in its sensor view. It also employs mul-
tiple methods for performing similar perceptual tasks. Thus,
the system has algorithms for the tasks that work on CAD
models, point cloud information, SIFT, or feature classifica-
tion, which enables it to apply the methods best suited for
the particular situation it is confronted with.

Action- and context-guided perception in our control sys-
tem is primarily applied in two ways. First, the robot as-
signs computational resources in perception to where they
are needed to complete the robot tasks successfully. Second,
the system uses the knowledge about the task and action
context in order to specialize the perception tasks. When the
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Fig. 6 Our robot for manipulation in human environments:
TUM-Rosie, equipped with two KUKA LWR-4 arms and DLR-HIT
4-finger hands. It performs pick and place tasks in a kitchen at the In-
telligent Autonomous Systems Laboratory, TUM. The high amount of
sensory data and limited computing power on board of the robots make
it necessary to carefully choose the specific perception algorithms as
needed for the current action

high-level plan of the robot decides to execute a particular
task, for example to pick up a tea box, then the appropriate
perception algorithms are chosen. In this case, since we have
a detailed CAD model of the object we want to manipulate,
then the CAD based algorithm [37] is used. When the robot
needs to grasp unknown objects, then an approach based on
point clouds [38] is chosen.

Different perception systems are used during the pick and
place procedure (cf. Fig. 7). After the objects are detected,
the processing power is devoted to the sensory information
coming from the robotic arm and hand to correctly grasp
the object. For example, after choosing a desired grasp for
the DLR-HIT robotic hand, the grasping is supervised using
a supervised-learning algorithm on torque and angle infor-
mation from the robot fingers. A set of grasping controllers
was developed, one for each type of basic grasp movement
(e.g. power grasp, precision pinch, and others). After learn-
ing a sensory model from several examples, the system can
quickly differentiate between good and bad grasps. It works
with a high accuracy without being CPU intensive because it
processes a sensory stream with low bandwidth (only what

Fig. 7 Different perception mechanisms are activated depending on
the task at hand. (Left-up) Object detection based on CAD models.
(Right) Detection of unknown objects for grasping using time of flight
data. (Left-bottom) Object reconstruction using symmetric characteris-
tics

is task relevant). When executing a grasp, only the asso-
ciated model is fed with the sensory stream coming from
the hand, and the system can monitor the success of the ac-
tion. This design also complies with the ideas of Wolpert
and Kawato of multiple interconnected forward and inverse
models [3]. On the other hand, a program that uses cam-
era images to detect the object and the hand would be many
times more complex and not perform better in terms of ac-
curacy or speed. The same idea applies to attention: We keep
a representation of the objects as simple as possible (point
clouds or texture) and only do a more detailed 3D object re-
construction when we need it to grasp the objects using a
geometrical grasp planner.

To give an example: the robot wants to set the table, but
if there is a human in the scene, then it should also track
the movements and actions of the human. If the person is
around, it has to spend computation resources on perceiving
what the person does. If not, these mechanisms are simply
deactivated. For a more comprehensive discussion of the al-
gorithms mentioned, please look at [34–38]. Our methods
validate the results of this paper. In our ongoing research,
we further investigate this line of research.

Another line of possible application to robotics of empiri-
cal results obtained in the area of cognitive psychology, such
as the present ones, is interface design. Recent work has
suggested that an interface making use of the close action-
perception link in the human processing system might have
a beneficial effect on human cognitive capacities. Cabibihan
and colleagues [39] developed a mobile platform for online
communication. Participants communicated with an exper-
imenter via Skype (Skype Technologies, Luxembourg) ei-
ther in a standard static mode through a computer screen or
in a dynamic mode with the use of robot arms that could
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point to a given direction. An experimenter described a spa-
tial layout of items in imaginary rooms either using a ver-
bal description (e.g., to the left/right; behind)—static mode,
or using the robot arms pointing to a direction and using
such a vocabulary as “there”—dynamic mode. The task of
the participants was to subsequently recall the positions of
the items. Performance was better in the dynamic condition
as compared to the static mode. Although the authors inter-
pret the results as showing better performance in a condition
with more rich social cues, we claim that these results might
as well show that the dynamic mode of the platform uses
the “direct pragmatic route” [12] that links action and per-
ception systems in the human brain and as such, facilitates
cognition. In any case, this piece of research is an excellent
example how design of interfaces can profit from results in
experimental psychology.
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