
Influence of Spatial Hearing on Auditory Parallel Subitizing Efficiency

Results
Reaction Times: Participants responded significantly faster in the 3-location 
condition (Exp1) compared to the 6-location condition (Exp2) (t(23) = 2.74, p 
= .012, Cohen's d = 0.58).
Accuracy: A trend towards significance was observed where participants were 
more accurate in the 6-location condition (Exp2) (t(23) = -1.97, p = .063, 
Cohen's d = -0.42).
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Motivation
• The Research Gap: While visual subitizing is well-established, auditory 

subitizing remains under-researched, with limited evidence confirming 
its existence.

• Critique of Previous Paradigms: Previous research (e.g., Roberts et al., 
2019) utilized a 3-location design, which potentially conflated sound 
segregation by using limited spatial channels.

• Objective: To determine if increased spatial separation enhances 
auditory subitizing efficiency by comparing a 3-location design with a 
6-location design.
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Conclusions
• Efficiency vs. Accuracy: The results demonstrate a trade-off: the 
3-location setup (Exp1) facilitates faster processing, whereas the 
6-location setup (Exp2) shows a trend toward higher accuracy, 
suggesting that increased spatial separation may aid in 
segregation, albeit at a cost to response latency.

• Theoretical Implications: The discrepancy between speed and 
accuracy suggests that subitizing efficiency is highly sensitive to 
the spatial configuration of the auditory scene.

• Future Directions: Future studies should address front/back 
confusion and incorporate elevation angles to refine spatial 
resolution, alongside the use of individualized HRTFs to eliminate 
the limitations of generic head-related transfer functions.

Methods
Experimental Setup
Audio Synthesis Pipeline: Stimuli were spatially distributed using an 
HRTF-based Python processing pipeline. The process involved convolving raw 
audio samples with KEMAR dummy-head HRTF measurements to achieve 
precise 3D localization.
Stimuli: 8 naturalistic audio samples from Eramudugolla et al. (2005), with 
loudness manually balanced to facilitate stream segregation.
Experimental Conditions:
• Exp1 (3 locations): Sounds emitted from -90°, 0°, 90°. If sound numerosity 

exceeded locations, multiple sounds were assigned to a single location.
• Exp2 (6 locations): Sounds emitted from 0°, ±60°, ±120°, 180°. This design 

enforced a "one sound per location" constraint to minimize spatial overlap.
The study was executed via the Pavlovia.org platform using PsychoPy, ensuring 
synchronized stimulus onset and controlled environment presentation.

Participants & Procedure
• Participants: 24 adults (age 20–35) were selected via an online survey 

including rigorous screening for hearing impairments, seizure history, and 
cognitive disorders.

To ensure uniformity, participants followed a scripted protocol within the 
PsychoPy interface.
• Learning Phase: Two distinct sequences were presented: first, for passive 

familiarization with the auditory stimuli, and second, for mental labeling to 
facilitate memorization.

• Test Phase: Participants performed a speed-accuracy task. Upon hearing the 
stimulus, they were instructed to press the spacebar immediately to 
interrupt playback, followed by a keypress to indicate the perceived 
numerosity (1–6).

• All participants met the mandatory threshold of 90% accuracy for 
single-sound trials to ensure basic task competence.
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