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Introduction

Evidence for multisensory integration is found in many
different forms, notably as facilitation or inhibition of
responses to a crossmodal stimulus set compared to uni-
modal stimulation. In an orienting task, multisensory in-
tegration manifests in the speedup, or slowing, of eye and
head saccadic reaction time. Colonius and Diederich([1])
have developed a quantitative framework that affords the
integration of crossmodal interaction results on perfor-
mance speed and from which a host of empirical predic-
tions can be derived. Here we (i) outline its potential for
informing models of driver behavior and for the design
of driver assistance systems with an emphasis on warn-
ing signals and (ii) present some preliminary data from
an experiment conducted within a virtual driver environ-
ment.

Time Window of Integration (TWIN)
Model

The TWIN model postulates that a crossmodal stimulus
triggers a race mechanism in the very early peripheral
sensory pathways, which is then followed by a compound
stage of converging subprocesses that comprise neural in-
tegration of the input and preparation of a response. The
central assumption of the model concerns the temporal
configuration needed for multisensory integration to take
place : Multisensory integration occurs only if the pe-
ripheral processes of the first stage all terminate within
a given temporal interval, the time window of integration.
Thus, the window acts as a filter determining whether af-
ferent information delivered from different sensory organs
is registered close enough in time to trigger multisen-
sory integration. Passing the filter is necessary, but not
sufficient, for crossmodal interaction to occur since the
amount of interaction may also depend on many other
aspects of the stimulus set, like the spatial configura-
tion of the stimuli. The amount of crossmodal interac-
tion manifests itself in an increase or decrease of second
stage processing time, but it is assumed not to depend
on stimulus onset asynchrony (SOA) of the stimuli. Al-
though the TWIN model assumptions oversimplify mat-
ters, many of its experimentally testable predictions have
found support in recent studies, e.g., the effect of stimulus
intensity, of SOA, of the number of modalities involved,
and of the type of paradigm utilized ([2, 3, 4, 5, 6, 7]).

Focused Attention Paradigm (FAP)

In FAP with crossmodal stimulus sets, participants are
instructed to respond only to the onset of a stimulus from
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a specifically defined target modality, such as the visual,
and to ignore the remaining nontarget stimulus, the tac-
tile or the auditory, say. It has been shown that it may
be harder to selectively attend to one sensory signal if an
irrelevant (nontarget) signal from another sensory modal-
ity is presented from approximately the same spatial lo-
cation. It seems obvious that results on crossmodal inter-
action have to be taken into account not only in modeling
the driver in complex traffic situations but also in the de-
sign of effective warning systems and of driver-assistance
systems in general ([8]).

The specific assumptions of TWIN for FAP are that
crossmodal interaction occurs only if (i) a nontarget stim-
ulus wins the race in the first stage, opening the time
window of integration such that (ii) the termination of
the target peripheral process falls into the window'. The
duration of the time window is a constant. The idea here
is that the winning nontarget will keep the system in a
state of heightened reactivity such that the upcoming tar-
get stimulus, if it falls into the time window, will trigger
crossmodal interaction. In the case of the target being
the winner, no discernible effect on RT is predicted, like
in the unimodal situation.

Experiment

The experiment was performed in a fixed-based driving
simulator. Visual stimuli were presented in the left mir-
ror and the cockpit instrument. The simulator comes
with active pedals and steering wheel with haptic feed-
back. The driving simulator software was SILAB ex-
tended with a module to trigger the stimuli including
a data recording unit. The module was plugged into
the simulator with at a sampling rate of 120 Hz. With
this setup, signal processing and recording were synchro-
nized. Saccadic reaction times were measured with the
head-mounted dikablis eye tracker system (25 Hz sam-
pling rate).

Participants’ task was not to drive actively. Instead, the
ego-car was moved and all parameters were controlled
by computer. Before the experiment started participants
were requested to put both hands on the steering wheel.
Thereafter, a straight two-lane autobahn appeared on the
screen to create a realistic visual impression including
the optical flow. The scene consisted of a straight coun-
try road with some typical visual decorations (reflector
posts, trees). No further traffic was shown. The ego-car

1For a mathematical formulation of the model we refer to the
above references.
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accelerated automatically up to 120 km/h. In the middle
of the screen a fixation cross was presented continuously.
After one second +100 ms (random uniform distributed)
a visual target was presented with equal probability ei-
ther in the cockpit of the simulator (white arrow showing
to the left) or in the left outside mirror (red border). Par-
ticipants were instructed to gaze at the visual target as
quickly and as accurately as possible and to ignore any
other stimulus (FAP). A visual target appeared alone or
with an auditory (white noise or beep) or a tactile ac-
cessory (vibration on the steering wheel). The onsets of
the accessories were shifted relative to the visual targets
by a stimulus onset asynchrony of —50, 0, 50, or 100 ms
(negative values mean that the accessory was presented
prior to the target. The visual targets were presented
for 1000 ms, the accessories for 400 ms. Relative spatial
position was also varied (coincident or disparate config-
uration). Additionally, catch trials (auditory or tactile)
were presented. Here, participants’ task was not to react
at all and to continue keeping the gaze on the fixation
cross. Trials lasted for 4.5 s.

Figure 1: Cockpit of the driving simulator: Vertical angle
from fixation cross to cockpit instrument (showing arrow) and
mirror equals 22.2°. Participants had to move the head 40.2°
and 22.2° vertically to spot the left exterior mirror. Positions
of the speakers (A): acoustic cues from the front were pre-
sented through the center speaker, while cues located 90° to
the left were produced as a mix of left front and back speaker.

Results

Mean saccadic reaction times (SRT) in the crossmodal
conditions were faster than unimodal (visual)reactions.
Responses were the faster the earlier the accessory stim-
ulus was presented, and facilitation was larger in the ipsi-
than in the contralateral conditions. Generally, responses
to the cockpit stimulus are faster than to the mirror stim-
ulus, with or without accessory stimuli being present.
This is presumably due to the differing distance from fix-
ation and the different contrast conditions (i.e., red on
green vs. white on black). Overall, the descriptive fit
of these data by TWIN is quite satisfactory and sug-
gests that the TWIN modeling framework is somewhat
robust under experimental conditions that are more com-
plex than previously tested.
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Figure 2: Mean SRT as a function of SOA for different
crossmodal conditions. Lines (dashed) are TWIN predictions:
blue= contralateral, red=ipsilateral, horizontal lines=visual-
alone (cockpit or side mirror).
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