How humans optimize their interaction with the environment:
The impact of action context on human perception
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1

Department of Experimental Psychology, Ludwig Maximilians Universität, München, Germany
2
Computer Science Department, Chair IX, Technische Universität, München, Germany

Abstract. Humans have developed various mechanisms to optimize interaction with the environment. Optimization of action planning requires efficient selection 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 experimental paradigm comprised two independent tasks: (1) a perceptual 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). Results showed that action context
influenced reaction times, which suggests a close bidirectional link between action and perception
as well as an impact of environmental action context on perceptual selection in the course of action
planning. Such findings are discussed in the context of application for robotics.
Key words: Action Context, Action Planning, Human Perception

1

Introduction

When humans perform a particular action such as,
for example, 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 information from the perceptual environment (e.g., the size and orientation
of the cups handle - but not its color - are relevant for grasping). Moreover, the context in which
the grasping action is performed may also have an
impact on both the action performance and the prevailing 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 context 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 contexts might result in different
processing speed of the environmental characteristics.
Several authors have investigated the influence
of intended actions on perceptual processes. For example, Craighero and colleagues [2] showed that
when agents were asked to grasp a tilted bar, onset latencies of their movement depended on the
characteristics of a visually presented stimulus that
signaled when the movement should begin (a so-

called ”go signal” ). If the ”go signal” shared actionrelated features with the to-be grasped object (e.g.,
was of the same orientation), the onset of the movement occurred faster as compared to the condition
when the ”go signal” differed from the to-be grasped
object. These results support a close link between
perception and action.
Similar results were reported by Tucker and Ellis [11]. The authors conducted a study in which
participants were presented with natural objects
(e.g., grape, cucumber) or manufactured objects
(e.g., screw, hammer). The objects could be smaller
(grape, screw) or larger (cucumber, hammer) implying either precision grip (small objects) or power
grip (larger objects). The task was to categorize the
objects as natural or manufactured. Half of the participants had to respond with a power grip to natural objects and precision grip to manufactured objects; the other half had opposite instructions. The
results showed that although size of the objects was
completely orthogonal to the categorization task, it
influenced performance: Precision grips were faster
to small objects relative to large objects and power
grips were faster to large objects compared to small
objects. This suggests that size was implicitly processed as an action-related feature of an object and,
as such, had an impact on behavior.
More recent studies demonstrated that visual
detection processes are highly dependent on intended action types [1] and that the perceptual system can bias action-relevant dimensions if
they are congruent with the performed action [3].
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Wykowska, Schubö and Hommel [14] conducted
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 perception were completely
unrelated and decoupled but had to be performed
in close temporal order. Participants’ task was to
detect a visually presented target while they were
preparing for a grasping or pointing movement. The
target could be an object that deviated in size or
in luminance from the other objects. Wykowska
and colleagues found that performance in the visual
search task was influenced by the intended movement although the movement was not executed but
only planned. That is, detection of perceptual dimension (size or luminance) was better when accompanied by the preparation of a congruent movement (e.g., grasping for size and pointing 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, action preparation affected perceptual processing at the level of early mental representations.
These observations support the Theory of Event
Coding [5] which postulates a common representational code for perception and action. We claim that
such a common code implies bidirectional links that
are used in such a way that action can have an impact on perception no less than perception can have
an impact on action, for example, when the missing
perceptual features of the cup are being specified
for the grasping movement. It is obvious that action planning is informed and controlled by perceptual processes that provide information about the
objects we act upon and the changes of our environment that we intend to achieve. Perhaps less obvious is the need for perceptual processes to be constrained and guided by action planning. Successful
acting requires the focusing and selection of actionrelevant information, so to adapt the action to the
environmental conditions. That is, setting up a particular action plan may increase the weights for perceptual dimensions that are relevant for that action
- intentional weighting in the sense of [5]. 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 [12] but
also the agents perceptual stages of processing.
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Experimental Paradigm

A paradigm was used 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 Movement Execution Device. The motor task
should be planned before the visual search task but
executed only after the search task was completed.
In other words, while participants 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 surface luminance that were mounted on
a movement execution device (MED), see Figure 2.
The action context could either be simple in which
the objects varied along only one dimension (luminance) or complex in which the objects varied along
two different dimensions: size and luminance.
2.1

Participants

Nineteen paid volunteers (16 women, mean age:
23.3) took part. Participants were asked to perform
a practice session on the day preceding the experiment. The practice session consisted of the motor
task only, without the visual search task.
2.2

Stimuli and apparatus

The search display contained 28 grey circles positioned on three circular arrays. The target could
appear on one of four positions on the middle circular array at the upper left/right or lower left/right
from the middle point. The target was defined either by luminance (lighter grey, cf. Figure 1, left)
or by size (smaller circle, cf. Figure 1, right).

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

Below the computer screen, the movement execution device (MED) was positioned. It consisted
of a box containing eight holes positioned also on a
circular array. Round plastic items that could vary
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Each experimental trial began with a fixation
in luminance and size each covering a LED could
be attached and detached from the box (cf. Figure cross displayed for 500 ms. Subsequently a move2). For the purpose of this experiment, we used the ment cue (cf. Figure 4) appeared for 1000 ms. Participants were instructed to prepare for the movefollowing combination of objects:
ment but not execute it until a signal from the MED
1. The simple action context (luminance dimen- would appear. The cue was followed by a blank dission only) consisted of four grey, medium-sized play (500 ms) and, subsequently, by the search disobjects and four objects that differed in lumi- play presented for 100 ms. A blank screen followed
nance: two being darker and two being lighter the search display and remained on the computer
screen until participants responded to the search
than the standard elements (cf. Figure 2a).
2. The complex action context (luminance and task. Upon response to the search task, one of the
size dimensions) consisted of four grey, medium- LEDs on the MED lit up for 300 ms. This event
sized items and four grey items that differed constituted the signal for participants to execute
in size, two being smaller and two being larger the prepared movement, i.e., to either point to or
grasp the object that lit up. After the experimenter
than the standard elements (cf. Figure 2b).
registered the participants movement with a mouse
key, a new trial began (cf. Figure 4).

Movement execution in different contexts

until
response

Light „on“
on“ on MED

Blank screen,
screen
target detection task

Figure 2. Movement Execution Device (MED). Simple action
context (A) 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 (B)
consisting in objects that vary along the luminance dimension
(LED lighting up) and size dimension (items on MED).
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til
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Figure 4. A trial sequence. Each box represents an event of a
(e.g., presentation of a fixation cross, of a movement cue).
Participants were seated at 80 cm distance from the trial
Presentation time for each of the event is shown on the right
computer screen on which the visual search task was
side of the figure.
presented. The MED was positioned below the comParticipants were asked to be as fast and as acputer screen, in front of the participants (cf. Figure
curate as possible in the search task. Speed was
3).
not stressed in the movement task. The experiment
consisted of one practice block and 8 experimental
blocks with 112 trials each. The two target types
(size and luminance) were presented in separate
blocks and also the configuration 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

Figure 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).

Data Analysis

The analysis focused on the impact of context complexity on perceptual processing. Mean reaction
times (RTs) and error rates in the search task were
submitted to statistical analyses. Trials with incorrect movement execution and incorrect search trials
were excluded from the analysis. From the remaining data, individual mean RTs in the search task
were submitted to analysis of variance (ANOVA)
with: target presence (target present vs. absent),
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target type (luminance vs. size), movement type
(point vs. grasp), and action context (one vs. two
dimensions) as within-subject factors.
If the environmental action context of a movement has an impact on perceptual processing of
action-relevant characteristics, then the simpler
context (varying along one dimension) should yield
better performance in the search task as compared
to the context consisting of two-dimensions.

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. Figure 5).

420

Simple context

Mean RTs (ms)

Complex context
400

380

360

Point

Grasp

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

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 3).
Moreover, the present results replicated previous findings [5] 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 congruent
movements as compared to incongruent movements:
Size detection was faster when a grasping movement
was prepared relative to the size-incongruent movement (pointing).
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Discussion

The aim of the present study was to investigate the
influence of action context on perceptual processes
during movement preparation. Results showed that
action context influences already early stages of processing, namely visual selection. Target detection
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 effect 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 influences of action context on
performance cannot be attributed to late stages of
the whole processing stream, i.e., as perceptual consequences of the movement execution. Rather, the
present results show that action context influences
already 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 parameters
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 reaction 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, evolutionary context. Humans must have
developed mechanisms that optimize their interaction with the environment. When planning actions, humans select specifically action-relevant information from environment. This might have been
obtained by means of developing a common representational code [5] that allows for fast and efficient action-perception transition. Evidence for
such codes comes from behavioral data [5] and from
neurophysiology [9]. Moreover, the discovery of mirror neurons, e.g., [7] provided strong support for the
coupling of action and perception. Although some
authors postulate that the fast ”how/where” pathway for action is separate from the slower ”what”
pathway for perception and conscious processing
[4], recent evidence shows much closer interactions
[8]. A prominent example of evidence for such a
fast neuronal route linking perception with action
was described by Humphreys and Riddoch [6]. The
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Mean error rates (%) and SEM
(in brackets)
Movement type
Point
Grasp
Action context
Simple context
Complex context

2.85 (0.5)
2.86 (0.6)

2.92 (0.7)
2.96 (0.8)

Table 1. Mean error rates in the search task as a function of movement type (point or grasp) and action context.

authors examined a patient MP who suffered from
unilateral neglect. Following damage to the frontotemporal-parietal regions of the right cerebral hemisphere, the patient was unable to direct his attention to objects presented in his left visual 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 features 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.
Importantly, the patient was not impaired on color
discrimination in general (that is, patient MP was
able to name the objects color when presented as a
single item - in a condition when neglect symptoms
usually do not occur). Interestingly, when the targets were defined by action-related features of the
objects (e.g., look for something to drink from), the
patients performance improved markedly also in the
neglected field. . This indicates that there might be
a fast and efficient link between action and perception, a so-called pragmatic processing route that facilitates extraction of action-relevant features of the
environment.
The present results suggest that the interactions between perception and action might be even more
complex. Our results showed that not only intended
actions play a role in perceptual selection processes
but also environmental contexts in which the actions are performed. If the context varies along
several dimensions, perceptual selection is presumably more difficult. When humans are preparing a
movement, they try to optimize their performance
through efficient selection of perceptual information
that might be relevant for that movement. This optimization process might be especially important
for complex movements as they are more difficult.
Therefore, humans might benefit from the environmental 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 require such a level of optimization.
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Implication for Robotics

As argued above, humans have developed certain
mechanisms that allow for optimization of action
control. When designing a robotic system, one
might take into account similar solutions especially
when dealing with fast real-time systems that produce very rich and fast data streams.
Due to the limited computing power available
on current robots, it is advantageous to use the context information to choose which algorithms process
the sensory stream. For example, in the case of the
robots that serve as a demonstration scenario in our
kitchen environment (cf. Figure 6), the high-level
control system informs the camera-based perception
system about the action that will be performed, and
the needed update speed. For the task of cleaning
the table, this activates a system that fits 3D CAD
models of cups and other typical objects in the image stream, which is very expensive computationally. 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. Both data processing systems can still
run in parallel, with priority being given to the one
that is most important for the task at hand.
Our current research draws inspiration from the
findings described in this paper to design a system
for grasping using the multi-finger DLR-HIT hand
(cf. Fig. 6) that has paired control/perception models. A set of grasping controllers was developed, one
for each type of basic grasp movement (e.g. power
grasp, precision pinch, and others). We learn an associated perception model on the sensory stream
from the fingers (joint position and torque), and
train it using examples of correct grasps and incorrect ones. When executing a grasp, only the associated model is fed with the sensory stream coming
from the hand, and the system can monitor the success of the action. This design also complies with the
ideas of Wolpert and Kawato of multiple interconnected forward and inverse models [13].
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tion for Technical Systems (CoTeSys), Project #
301).

References
Figure 6. Two robots for manipulation in human
environments. Left: a B21r robot with Powercube robotic
Arms. Right: Kuka LWR arm with a DLR-HIT hand. Both
perform pick and place tasks in a kitchen at the Intelligent
Autonomous Systems Laboratory, TUM. The high amount of
sensory data and limited computing power on board the robots
make it necessary to apply only the specific algorithms that
deliver information needed for the current action.

Finally, it is important to note that successful human-robot interaction requires good temporal synchronization, especially when joint attention
might prove beneficial. Imagine the following: a
robot assists a human in the kitchen. The humans
attention is captured by a falling cup behind the
robots back. In order to rescue the cup, not only
must the robot make use of human-specific attention directing hints (such as, for example, gaze direction) [10] but also its processing system needs
to be temporally synchronized (within the milliseconds range) with the humans system. Moreover,
in order optimize the movement the robot needs
to select the most relevant information from the
environment for efficient fast processing and action programming. Therefore, implementing mechanisms analogous to those governing human perception and action planning into artificial systems
might prove indispensable for human-robot interaction.

6

Conclusions

The present experiment showed that not only action planning but also the environmental context in
which an action takes place affects perceptual processing. The present results have been interpreted in
a broad evolutionary context postulating that humans have developed means of optimizing action
planning by efficient selection of relevant information from the environment. Selection depends on
the complexity of the task at hand and the congruency between the intended action and the given
environmental setting. Artificial systems designed
to interact with humans need to take such interactions and constraints into account to allow for temporal compatibility and fluency between human and
robot movements in joint action tasks.
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