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Abstract: Thermal comfort is a subjective response shaped by physical, physiological, and psychological factors,
yet conventional air-conditioning systems do not account for inter-individual variability, resulting in energy
inefficiency and reduced occupant satisfaction. This study investigates variability in thermal sensation using
physiological data collected from non-invasive wearable sensors. Field experiments were conducted during the
heating season in a university classroom in South Korea, involving 15 participants under repeated conditions.
Environmental, subjective, and physiological data were collected at 1-minute intervals. Mixed-effects modeling
was employed to examine the relationship between thermal sensation and physiological responses. The results
show substantial inter-individual differences in thermal sensation under identical indoor conditions. Thermal
response patterns were classified into four types based on variation characteristics, and differences were primarily
associated with skin temperature. Skin temperature also exhibited distinct temporal patterns across response
types. These findings suggest the need to consider time-lagged relationships among thermal environment, thermal
sensation, and physiological responses. The results provide a basis for interpreting the relationship between
individual thermal sensation and physiological data.
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Figure 1. Experimental setup (a) Indoor experimental environment, (b) Schematic of the setup, including the EHP

system, participant, and data collection.
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Table 1. Participant Characteristics
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Table 2. Measured and Survey variables

Category Variable Unit Equipment
UX100-011A
. T 0,
Environment Outdoor Temperature ¢ HOBO temp/RH data logger
Indoor Temperature °C Testo400
Skin Temperature °C
. Pulse Rate bpm
Physiology . EmbracePlus
Metabolic rate (MET) -
Electrodermal activity (EDA) uS
. Testo400
Predicted Mean Vote (PMV) (-3 10 +3) esto

Thermal Sensation Thermal Sensation Vote (TSV)

Thermal Preference (TP)

Calculated (based on ISO 7730)

7-point scale (-3 to +3)

Google Forms

3-point scale (-1 to +1)
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Figure 2. Comparison of Individual PMV and TSV.
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Figure 3. Temporal variation of skin temperature and TSV Gray lines represent individual participants (n = 15).
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Figure 4. Temporal variation of Pulse rate and TSV Gray lines represent individual participants (n = 15).
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Table 3. Thermal sensation response types (Type A-D)

Type Participants Description
Type A P10 Thermal sensation varies in accordance with temperature and PMV trends
Type B P3, P5, P7, P11, P15 Minimal change in thermal sensation throughout the experiment
Type C P2, P4, P6 Large variation range in thermal sensation (= 2 TSV scale units)
Type D P1, P8, P9, P12, P13, P14 Frequent fluctuations within a narrow thermal sensation range (< 1 TSV scale unit)
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Figure 7. Differences in skin temperature variation by
thermal response type.
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Figure 8. Differences in Pulse rate variation by thermal
response type.
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response type.
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Figure 10. Differences in MET variation by thermal
response type.
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