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Abstract of Dissertation

People live or work in various temperature environments, whereas human comfort and
performance may change with varying air temperatures. Indoor discomfort and excessive energy
use have been reported worldwide due to air conditioning over-cooling or over-heating. Clothing is
considered to be a most effective and energy-saving adjustment for occupants to adapt to thermal
environments. Thus, the main aim of this thesis was to investigate the thermal ergonomics of
clothing for human comfort and performance by focusing on the effects of air temperature and
clothing. The main objectives were: (1) to investigate participants’ seasonal adaptive characteristics
of clothing and thermal comfort; (2) to examine human comfort, performance, and the related
physiological responses under different combinations of air temperature and clothing; (3) to explore
gender and local differences in thermal ergonomics of clothing for human comfort and performance.

To address these objectives, a series of field studies across a year (objectives (1) and (3)) and
two laboratory studies (objectives (2) and (3)) were conducted using Japanese college students as
participants in a systematic way based on the models related to human comfort and performance.
The main results of this thesis were summarized as follows.

Concerning the field studies: Clothing items (especially amount and insulation) changed
with seasons, mainly due to air temperature, but kept stable in summer. Despite almost
thermoneutral and comfort conditions, obvious seasonal effects existed in indoor thermal sensation,
thermal preference, and thermal acceptability, especially for summer, in which females felt cooler
indoors and more comfortable outdoors, but males showed improvement in thermal comfort indoors.
Clothing and thermal feelings influence each other by gender to adapt to seasonal variation.

Concerning the laboratory studies: (1) Cold exposure (especially when combined with lower
clothing levels) undermined manual motor performance, but increased attention levels. Calculation
test performance tended to be affected at the beginning of the test. There were noticeable clothing
effects and local differences for comfort, especially in the cold; moreover, under cold conditions,
participants felt more alert and less uncomfortable compared to hot conditions, and showed more
instability in 0.3 clo than 0.9 clo. Body temperature, particularly skin temperature, increased with
increasing air temperature and was significantly influenced by clothing insulation during cold
exposure. (2) Both cognitive performance and emotions showed gender similarity. 0.6 clo-U (0.3 clo
(baseline) and 0.3 clo upper-body clothing) showed higher sustained attentional performance and
calculation test performance than other clothing conditions. Clothing increased sleepiness and
comfort levels at 16 °C. Males showed higher LF/HF and higher P300 latencies than females during
cold exposure. Mean skin temperature increased with increasing thermal insulation of clothing,
especially the upper-body clothing; the upper-lower clothing difference induced different effects on
thermoregulation. The effects of clothing on performance were associated with subjective
perceptions and physiological responses.

These findings provided novel evidence related to adaptive characteristics, comfort,
performance, and physiological responses for thermal ergonomics of clothing despite some
limitations. This thesis is expected to advance understanding of thermal ergonomics for human
comfort and performance, and aid in the future design of clothing for various thermal
environments.



