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SUBJECTS

¶8 humans (4 F, 4 M; 21-48).

¶No neurological, sensory or motor 

abnormalities.

¶Normal clinical audiograms (0.25ï8 kHz).

APPARATUS AND STIMULUS

(Figs. A & B)

¶Test Chamber: dark, echo-attenuated 

room.

¶Head Orientation: unrestrained or 

restrained (using a personalized bite-bar), 

facing the center (0° Horiz & Vert) of a 

cylindrical screen of black speaker cloth at 

2 m.

¶Target: 3ò (7.7 cm) diam. speaker with a 

central red LED, hidden behind the screen 

and under robotic control.

¶Target Positioning: two-axis robotic arm 

spanning ±65° Horiz (Az) × ±25° Vert (El).

¶Target Distribution:

o 65 auditory and 47 visual randomly 

distributed across the horizontal 

meridian.

o Includes a subset of multi-sampled 

(5x) locations in 10° intervals (±40°

auditory; ±30° visual).

¶Auditory Stimulus: band-limited  

Gaussian noise (0.1 ï20 kHz) at 75 dB 

SPL (RMS), in 150 ms bursts (10 ms rise-

fall time) repeating at 5 Hz; ongoing or 

transient (5 bursts; i.e., 1 sec).

¶Visual Stimulus:  red LED (0.2° projected 

diam.), 150 ms flashes repeating at 5 Hz; 

ongoing or transient (5 flashes; i.e., 1 sec).

¶Trials characterized by:

o Stimulus Modality: auditory or visual.

o Stimulus Duration: ongoing or 

transient (memorized).

o Localization Context: (i) head laser 

pointing: eyes centered (re-head) by 

fixating a head-mounted laser (Fig. C), 

(ii) gaze+laser pointing: gaze 

(eye+head) guided using a joystick-

mounted laser spot, and (iii) gaze 

pointing in darkness.

EXPERIMENTAL PARADIGM

¶Eyes, head, and lasers (if on; joystick or 

head-mounted) were aligned with a central 

fixation spot at the onset of each trial.

¶The fixation spot was extinguished with 

stimulus onset (if ongoing) or offset (if 

transient) and localization began 

immediately.

¶Subjects aligned head (if unrestrained), 

eyes, lasers (if on) with perceived target 

location. If the head-fixed laser was 

switched off (head unrestrained), subjects 

pointed their head (nose) and joystick 

laser (if on) toward the perceived target 

location.

TASK & RESPONSE MEASURES

¶Instructions: localize quickly but accurately

(no time limit).

¶Feedback: none given on performance. 

¶Response endpoint: key press by subject.

¶Eye and head position: measured using 

the EL-MAR eye tracker and Polhemus 

FastTrack, respectively (Fig. D).

¶Joystick laser pointer: two-axis cylindrical

joystick coupled with a red laser LED.

Objects in a natural environment often provide

both auditory and visual spatial cues. Meaningful

interaction with the environment requires

information from both senses to form a coherent

spatial map of the external world. This ensures

accurate localization and consistent orienting

movements (e.g., fixating, pointing, reaching,

etc.) toward auditory, visual or bi-modal objects.

Despite marked differences in spatial

processing1, audition and vision share some

common pathways and undergo similar sensori-

motor transformations2. Saccadic eye

movements (head restrained) toward auditory

and visual targets appear to be driven by

congruent spatial maps and exhibit comparable

dynamics3,4. Additionally, steady-state gaze

(head unrestrained) towards visual targets

consists of both eye and head movements, the

distribution of which depends upon target

eccentricity, initial eye position, sensory context,

training and instructions5-8. However, it is unclear

whether the same holds for auditory-evoked

gaze pointing9-13. This is particularly important

since head pointing alone is often used to assess

sound localization14-17. We posited that the eyes

also contribute to the overall response even

during head pointing such that gaze (eye + head)

yields a more accurate measure of sound

localization. Further, we surmised that restraining

the head (eye only) should not adversely affect

sound localization performance18,19.

We addressed this notion by characterizing

sound localization using gaze pointing in a

controlled environment with a consistent strategy

(óheadôor ónosepointingô,head unrestrained; eye

pointing, head restrained) across experimental

conditions and subjects. Continuous and transient

(memorized) auditory targets were localized

across a key region of frontal (multi-modal) space.

Gaze (eye + head) was used to assess

localization performance, and the contributions of

eye and head to total gaze were compared

between responses to auditory and visual targets.

DATA ANALYSIS

¶Data were sorted by stimulus modality 

(auditory, visual), stimulus duration 

(ongoing, transient), localization context 

(head laser, gaze+laser, gaze in 

darkness).

¶Performances measures:

o Accuracy: mean error between the 

response and target.

o Spatial gain: slope of response vs. 

target position (Fig. E).
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o Eye: eye-in-head.

o Head: head-in-space = head-on-trunk.

o Gaze: eye-in-space = eye-in-head

+ head-in-space.

Fig. E
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For head laser pointing (left), a small overshoot (spatial

gain ~1.04) is present during continuous, but not transient,

auditory stimuli. When the eyes are unrestrained

(gaze+laser or gaze in dark; center and right,

respectively), the head undershoots the target but is

compensated by eye position such that gaze remains

accurate. Further, the contribution of eye and head to gaze

is similar during gaze+laser and gaze (in dark) pointing

(compare center and right).
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Localization of visual targets follows characteristics similar

to that of auditory targets. However, spatial gain is 1.0

during head laser pointing toward continuous visual

targets. Furthermore, the contribution of head to gaze is

generally larger during gaze pointing in darkness than

gaze+laser pointing.

2. Head Restrained
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Ongoing auditory targets were consistently overshot (spatial

gain = 1.13) when the head was restrained and the eyes,

guided by the joystick laser pointer, comprised the entire gaze

movement. This overshoot decreased for localizing transient

auditory stimuli (spatial gain = 1.08). In both cases, the

overshoot was also smaller in the absence of the laser pointer

(spatial gain = 1.07 & 1.01 for ongoing & transient, respectively)

and the eyes moved in darkness. Unlike auditory targets,

localization of visual targets yielded near-ideal spatial gains

(~1.0) in all conditions.

¶Sound localization using visually-

guided head laser pointing (eyes 

centered re-head) is very 

accurate (spatial gain ~1).

¶When the head and eyes are 

unrestrained in darkness (gaze 

pointing) or guided by a joystick-

controlled laser spot (gaze+laser 

pointing), localization remains 

accurate. However, the head 

generally undershoots the target 

and is compensated by eye 

position.

¶Localization of continuous and 

transient (memorized) targets 

yields similar performance.

¶Restraining the head has 

little impact on localization 

of spatial targets.

¶Characteristics of gaze 

pointing to auditory and 

visual targets are 

comparable. This suggests 

that the two senses share 

common spatial processing 

and motor strategies during 

spatial localization.

¶Gaze is a more accurate 

indicator of auditory or 

visual target location than 

head position alone during 

head pointing.
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