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Abstract of Thesis

Name ( Junjie HUA )

Extrapolation of Thermal Sensation: Enlargement of Perceptual Boundary Induced by
Title Spatiotemporal Integration of Thermal Stimulation (REEK® O/ME : IRERIEORFZERIFAIC X
2 HEFROIEKR)

Abstract of Thesis

Humans rely on their ability to perceive external temperatures to recognize material properties. Despite
its significance, thermal sensation has not been well studied. While there have been physiological
studies on temperature representation, the spatial organization of thermal sensation, particularly its
perceptual boundary, remains unclear. This thesis investigates Extrapolation of Thermal Sensation (ETS).
Classical thermal phenomena including Thermal Grill Illusion (TGI) are perceived only at the stimulus
location or within the boundary formed by multiple stimuli. ETS, however, reports perception outside the
physical boundary.

This thesis uses psychophysical methods to determine if classical models explaining TGI-such as
unmasking and addition theories—can also explain ETS. The thesis explores whether the perceptual
boundary extends beyond the physical stimulus under various spatiotemporal conditions. It was found that
the temporal sequence of warm and cold stimuli applied to the fingertip and base of the middle finger
influences perception. Warmth applied before a cold stimulus induced a reliable perception of warmth
beyond the cold stimulus, demonstrating ETS.

The relationship between ETS and stimulus temperature was also explored. Gradually increasing warm and
cold stimuli increased the percentage of hot judgment outside the physical boundary, indicating that the
unmasking theory in TGI does not explain ETS. Instead, the addition theory explains ETS. Warmth outside
the physical boundary results from the addition of warm and cold stimuli.

Comparing the spatial characteristics of ETS to TGI, simultaneous warm, cold, and neutral stimulation of
the fingers or lower leg revealed that both phenomena showed segmental-distance—dependent variations in
perceived temperature. However, ETS did not occur in areas evoking TGI, suggesting distinct mechanisms
for the two phenomena.

In conclusion, the thesis author found ETS for the first time and also revealed the phenomenon expands
the perceptual boundary in human thermal sensation
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