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Clothing and Textiles 

(ABSTRACT) 

This study was conducted to explore the feasibility of using sleeves, along with 

both physiological and perceptual measurements, to assess the thermal comfort and heat 

strain in chemical protective clothing wear tests. The effect of body sites, i.e. the arms 

and the chest, and the effect of a Tyvek® coverall on skin temperature and sweat amount 

were investigated as well. Ten male subjects were selected from college students. Each 

subject was assigned to wear a garment of either T-shirt and pants or a changeable left- 

sleeved Tyvek® coverall with or without an experimental sleeve on the left arm. Three 

experimental sleeves were of the same style, but made of three different fabrics: Tyvek®, 

Pro/Shield I®, and Pro/Shield II®. Each subject wore an assigned garment and pedaled on a 

cycle ergometer in an environmentally-controlled room. Skin temperature, sweat amount,



and subjective comfort evaluations were recorded and later analyzed by repeated- 

measures ANOVA. 

Results showed there is a feasibility in using a sleeve with a T-shirt/pants 

standard garment for assessing thermal comfort in chemical protective garment wear tests. 

The T-shirt/pants standard garment yielded more consistent and reliable results than did 

the Tyvek®-coverall standard garment. Under the same conditions, there were no 

significant differences in skin temperature and sweat amount among the left and right 

upper arms and the chest. The Tyvek® sleeve in this study impeded the transfer of heat 

by the greatest amount, followed by the Pro/Shield II® sleeve and the Pro/Shield I® sleeve, 

respectively.
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CHAPTER I 

INTRODUCTION 

Thermal comfort is an important aspect of chemical protective garments, in 

addition to such garments’ abilities to protect and allow mobility. Ineffective heat 

transfer characteristics of fabrics, together with working conditions that are hot and 

humid, contribute directly to the development of heat stress and heat illness in workers 

(Santee & Wenger, 1989). A number of studies have assessed thermal discomfort and 

heat stress during the wearing of chemical protective clothing, and many studies have 

used physiological and perceptual measurements as tools to assess comfort. Comfort 

assessments in research have mostly been with full garments. To date, there is no 

precedent for using garment parts in studies to assess comfort related directly to chemical 

protective clothing. However, some researchers (Hatch, Wilson, & Maibach, 1987; 

Wester, Hatch, & Maibach, 1985; Wilson & Dallas, 1990) have used pieces of fabrics 

placed on the arms to study comfort. Zimmerer, Lawson, and Calvert (1986) have 

validated the reliability of forearm skin as a test site. Hyun, Hollies, and Spivak (1990) 

documented the effectiveness of using garment parts, instead of whole garments, in their 

study to quantify subjective measurements in garment-comfort assays. The research team 

also proposed the use of garment parts as an alternative to full garment wear testing. 

Using garment parts, instead of full garments, to assess thermal discomfort and heat strain



caused by wearing chemical protective clothing, may be more convenient and may reduce 

experiment time and cost. 

This research explores the feasibility of using garment sleeves, along with both 

physiological and subjective measurements, to assess the thermal comfort and heat strain 

associated with wearing protective garments. This research can serve as a building block 

to future research. The implication for other researchers is the potential to use garment 

parts in thermal comfort assessment. Moreover, the findings of this research will provide 

information about various fabrics’ suitability for use in chemical protective garment 

assemblies.



CHAPTER II 

LITERATURE REVIEW 

The first two sections of this chapter provide basic information about heat and 

moisture transfer through textile materials, including influencing factors and 

measurements. The next section addresses thermal comfort, heat stress, and heat strain, 

including definitions, thermoregulation, and factors affecting thermal comfort. The last 

section focuses on physiological and perceptual assessment. 

Heat Transfer through Textile Materials 

The main purpose of clothing is to maintain normal body temperature and to 

protect the body against varying external conditions. That is, clothing assists in 

maintaining equilibrium between the heat production by the body and the heat loss to the 

environment. Clothing should minimize heat loss in cold weather and should enhance 

heat transfer in hot climates. Because poor heat dissipation characteristics of protective 

clothing impede the use of such garments, heat transfer to reduce discomfort caused by 

wearing protective clothing is of interest in this study. 

Modes of Heat Transfer 

Heat is a form of energy that moves from places where the temperature is high to 

where it is low. Heat can transfer by four modes: conduction, convection, radiation, and



evaporation. Conduction of heat in stationary substances occurs when a temperature 

gradient exists, causing vibrational motions of free electrons (in solids) and molecules (in 

liquids and gases) and resulting in transfer of heat from higher to lower temperature 

zones. Unlike conduction, convection involves the bulk movement of fluid (liquids or 

gases). Heat is also exchanged by radiation across a gap between two surfaces. The 

human body is a source of infra-red radiation. Heat transferred by the three 

aforementioned ways is known as sensible heat (Kerslake, 1972). Parsons (1993) defines 

evaporation as a heat transfer process similar to convection, but also requiring an initial 

change of state from liquid to vapor (by latent heat) at the skin surface and subsequent 

diffusion of vapor across a boundary layer into ambient air. In contrast to the first three 

modes, the driving force for this vapor diffusion is the concentration gradient, not the 

temperature gradient, and the quantity transferred is mass (Kerslake; Parsons). 

Evaporative Heat Loss 

Morris (1953) stated that, under normal resting conditions, about 25 per cent of 

the heat loss from the body is by evaporation, with about a third of this loss from the 

lungs by insensible perspiration and the remainder (about 16 per cent of the total heat loss 

from the body) from the surface of the skin by sensible perspiration or sweating. Fourt 

and Hollies (1970) showed that, when environmental temperature is above 30°C, the heat 

loss by evaporation becomes a main route to dissipate heat (Figure 1). In warm and hot
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Figure 1. Contributions of modes of heat transfer in distinct environmental temperatures. 

(Reprinted from Clothing: Comfort and Function (p.247), by L. Fourt and N. R. S. 

Hollies, 1970, by courtesy of Marcel Dekker, Inc.)



conditions, evaporation is enhanced by sweating, when the skin becomes covered with 

a film of water. 

Evaporation is a very important channel of heat transfer since the latent heat of 

water is quite large (2,500 kJ/kg). When the body evaporates water or sweat from the 

skin, a great amount of heat is used to change the state of water from liquid to vapor, 

causing great dissipation of heat. However, if the vapor condenses within the clothing or 

is absorbed by hygroscopic fibers, the heat of evaporation is liberated within the clothing 

and the sweat is relatively ineffective in cooling the body. Therefore, strongly 

hygroscopic materials are not recommended for users who perform exertion exercise or 

are in tropical conditions (Farnworth & Dolhan, 1985; Yasuda, Miyama, & Muramoto, 

1994). Moreover, Yasuda et al. state that, for hygroscopic fabrics, the temperature of 

the fabric rises before that of the air spaces between the skin and the clothing, and the 

dominant factor causing the temperature to rise in those air spaces is the heat liberated by 

the fabric’s absorption of water vapor. 

Gonzalez, Breckenridge, Levell, Kolka, and Pandolf (1984) stated that, with a 

clothing assembly containing an impermeable layer, the total heat transfer from sweat- 

wetted skin to the outside environment involves both sensible and evaporative heat 

transfer to the impermeable layer. After this layer, heat is transferred to the clothing 

surface by sensible flows. Breckenridge (1967) explained the mechanism of evaporative 

heat transfer between the skin and a vapor barrier as a cyclic process without a net water 

loss. When there is a temperature gradient, heat is absorbed by skin to evaporate sweat,



is transferred across insulating layers along with vapor, and then is condensed on the 

impermeable layer having lower temperature than the skin. Subsequently, wicking of the 

condensate back to the skin sustains the cycle. 

Heat Transfer through Moist Fabrics 

Heat transfer in moist fabrics takes place through three modes: conduction, 

evaporation and radiation (Schneider, Hoschke, & Goldsmid, 1992). Infra-red radiation 

occurs in smaller amount as compared to the other two modes (Schneider et al.). Stuart 

and Holcombe (1984) developed a model from which heat transfer due to conduction and 

infrared radiation can be calculated for fibrous materials. Because the conductivity of 

water is 23 times greater than that of air, the effective thermal conductivity of moist 

fabrics is substantially higher than that of dry fabrics (Schneider et al.). 

Schneider et al. (1992), in studying the effects of fiber sorption properties on 

evaporative heat transfer, used fabrics made of four fibers: wool, cotton, polypropylene, 

and porous acrylic fibers. The results indicated that differential fiber sorption properties 

influence heat and mass transfer by evaporation up to the point when the fibers are 

saturated with water, but after the saturation point all fibers behave similarly. The 

researchers explained the phenomena in terms of the distribution of water molecules 

within the fibers and fabrics. During initial moisture regain of absorbent fibers (0-15% 

regain for wool and 0-10% regain for cotton), no water evaporates from wool and cotton 

fabrics; therefore, there is no heat flux due to evaporative heat transfer. Water molecules



are absorbed into the structure of the materials and bound within fibers in the form of 

internal layers. On the other hand, moistened nonabsorbent fibers show a rapid increase 

in evaporative heat loss, because water molecules are only adsorbed on the fiber surfaces 

and are easily evaporated by heat. For absorbent fibers, rapid increase in evaporative 

heat loss occurs only after reaching the moisture regain limit. For any saturated fabric 

made of either absorbent or nonabsorbent fibers, the evaporative heat flux first plateaus 

and then starts to rise rapidly again at 200% regain when free water is present on the 

fabric surface. That is, sorption properties of either absorbent or nonabsorbent fibers 

have an influence on evaporative heat loss up to the point when the fibers reach 

saturation. 

Factors Influencing Heat Transfer 

Several factors concerning clothing and textiles govern heat exchange between the 

skin and the environment for the clothed human body. Each of these factors will be 

discussed. 

Fabric thickness and entrapped air. The heat conductivity of a fabric is mainly 

determined by the fabric’s thickness and entrapment of air. Research on the thermal 

resistance of apparel textiles (Holcombe & Hoschke, 1983; Morris, 1955; Obendorf & 

Smith, 1986; Peirce & Rees, 1946) has established that the thermal resistance of dry 

fabrics, or ones containing very small amounts of water, depends on their thickness. 

Because air is a poorer heat conductor than water or textile materials, garments with



several layers of thick, entrapped air are good insulators but poor heat dissipaters. 

Normally, the thermal insulation of either fabrics or air layers is expressed in terms of 

“Clo”. One clo is similar to the thermal insulation of a business suit worn in 

Philadelphia, New Haven, or Toronto (Fourt & Hollies, 1970); stated in physical terms, 

one clo of thermal insulation is 0.18 °C m’ hr/kg cal. 

Insulation by entrapped air is affected by motion. During work, body movements 

result in increased circulation of the air enclosed within the clothing ensemble, causing 

more convective and evaporative heat loss. The resistance of the textile layers within the 

clothing is nearly independent of motion, whereas the resistance of enclosed air changes 

with motion. The resistance of entrapped air may decrease as much as 50 % during 

stationary slow cycling and walking (Neilsen, Olesen, & Fanger, 1985). 

Air _ permeability. Convective heat loss and evaporation depend on the air 

permeability of textile materials. The tortuous air flow path, or irregular geometry of 

fabric pores, reduces the air permeability of fabrics and causes ineffective heat dissipation 

(Epps & Song, 1992; Obendorf & Smith, 1986). The effect of yarn and fabric 

characteristics on air permeability has been studied by Epps and Song. 

Branson, DeJonge, and Munson (1986) investigated the thermal comfort of 

subjects wearing three fabrics: chambray, Gore-Tex, and Tyvek. Subjects wearing 

ensembles of a Gore-Tex fabric and those wearing 100 % cotton chambray experienced a 

similar level of comfort, whereas subjects wearing ensembles of Tyvek perceived thermal 

discomfort. The microporous film in Gore-Tex has pores that are large enough for



moisture vapor and air. These micro-sized pores greatly contribute to the fabric’s air 

permeability, resulting in effective heat transfer (Branson et al.). 

Fiber and fabric characteristics. Research on the thermal resistance of apparel 

textiles (Holcombe & Hoschke, 1983; Morris, 1955; Peirce & Rees, 1946) has 

demonstrated that fabric construction and fiber conductivity do not significantly 

contribute to the thermal resistance of dry fabrics. However, Schneider et al. (1992) have 

shown that the sorptive attributes of fibers influence the effective thermal conductivity of 

moist fabrics. Fabrics with absorptive fibers conduct greater amounts of heat than do 

those with nonabsorptive fibers, when the fabrics directly contact other materials. In 

contrast to conductive heat loss, evaporation occurs in a greater amount on fabrics with 

nonabsorptive fiber with low regain (0-15%). 

Garment design and fit. McCullough, Jones, and Zbikowski (1983) established 

that garment design and fit determine the amount of enclosed air which, in turn, affects 

the heat transfer process. Neilsen, Desiree, and Nilsson (1989) found that, in warm 

conditions, a loose-fitting inner layer would allow for more effective evaporation than 

would a tight-fitting one. Watkins (1995) addressed the advantages of fitted, ventilating 

net underwear made of synthetic fibers such as nylon and polypropylene. In addition to 

the good wickability of the fibers, the open fabric structure enhances heat loss by all four 

modes, although the garment is fitted to the body. 

Branson et al. (1986) examined the effect on thermal comfort of three protective- 

clothing designs made in three test fabrics. Design 1 included long-sleeved, traditionally 

10



styled shirt and denim jeans. Only the shirt was varied in the test fabrics of Tyvek®, 

Gore-Tex®, and chambray. Design 2 was a coverall made of the test fabrics. Design 3 

was similar to design 2, but it featured raglan sleeves rather than the dropped armscye and 

the back-front yoke of design 2. One of the findings was that, for a given test fabric, 

garment design did not influence subjects’ thermal comfort to the extent that fabrics did. 

In addition to factors concerning clothing and textiles, some other factors that 

affect heat transfer from the body to the outside environment are air temperature, mean 

radiant temperature, and body size and body surface area of subjects (Kerslake, 1972). 

Measurement of Thermal Resistance of Textile Materials 

Because the major concern in clothing is to minimize the thermal stress, warm or 

cold, imposed on man by the environment, there is good reason to measure the thermal 

insulation of clothing. Fourt and Hollies (1970) and Morris (1955) described three major 

techniques widely used to measure thermal resistance of clothing. Those three types are 

(a) constant temperature method, (b) rate of cooling or warming method, and (c) disk or 

heat flow meter method. The guarded hot plate is the most common form of type (a), and 

it has been adopted as a standard method by ASTM and specified as the ASTM method 

D1518-64. 

In addition to the aforementioned methods, Schneider et al. (1992) have 

developed a transient technique used to measure the effective thermal conductivity of 

textile fabrics containing varying amounts of water. This technique takes less time to 

1]



complete than other heat transfer tests, and it eliminates the possibility of moisture 

redistribution in the fabric which can occur when the guarded hot plate is used. 

Moisture Transmission through Clothing Materials 

Moisture in both vapor and liquid states is among the various factors contributing 

to clothing comfort. In many applications, the performance of fabrics as moisture 

barriers is crucial. The use of fabrics in protective clothing to protect against pesticides is 

one such situation. For protective purposes, the fabrics must prevent the passage of 

liquid but must not impede moisture vapor transmission which is one of the most 

effective means in the body’s regulation of heat. Therefore, this section will focus mainly 

on water vapor transmission. 

Mechanisms 

When there is a moisture concentration gradient across a fabric, water molecules 

will travel along the direction of the gradient by combinations of the following 

mechanisms : (a) adsorption or diffusion of water vapor displacing air which surrounds 

the textile, including air in interstices; (b) absorption of moisture (gaseous or liquid state) 

on the body side and movement of this moisture through the fabric before desorption of 

such moisture to the outside environment; and (c) wicking, the liquid transport through 

capillary interstices within the yarns or fabric or along the fiber surfaces (Adler & Walsh, 

1984). 

12



As recognized, fabrics are composed of two main components, 1.e., fibers and air, 

which play different roles in moisture transport. The fiber component possesses 

moisture sorption capacities, whereas the air component takes part in the moisture 

permeability (Wehner, Miller, & Rebenfeld, 1988). That is, while moisture vapor 

transport occurs predominantly through the air spaces of the fabric, moisture 

accumulation occurs almost exclusively in the fiber portion of the fabric. 

Dynamics of Water Vapor Transport through Fabrics 

With regard to the dynamics of water vapor transport through fabrics, Wehner et 

al. (1988) explained vapor transmission in terms of moisture flux and moisture sorption. 

Moisture flux is a term used to describe the flow of moisture from high concentration to 

lower concentration. Moisture sorption includes adsorption, absorption and desorption of 

moisture in both liquid and vapor states. During the transient period, or before moisture 

equilibrium is reached, fabrics will absorb moisture from an environment of higher 

moisture content if they have initially equilibrated with an environment of lower moisture 

content. On the other hand, fabrics will desorb moisture if they have been conditioned 

previously at higher moisture content than that of the new environment. As a 

consequence of the concentration gradient, moisture flux will occur through the fabrics in 

both cases. The interaction between the rate of moisture sorption by the fabrics and the 

rate of moisture flux across the fabrics will occur until steady-state fabric moisture regain 

and moisture transmission rate are achieved (Wehner et al., 1988). Hollies, Kaessinger, 
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and Bogaty (1956), Hollies, Kaessinger, Watson, and Botagy (1957), and Wehner et al. 

concluded that the fiber type and the moisture sorptive capacities of fabrics strongly 

affect the duration of the non-steady state. However, under the steady state, the sorptive 

capacities of a fabric become less dominant because the moisture regain of the fabric is in 

equilibrium with the moisture in the surrounding environment. The dominant mechanism 

of moisture transmission under the steady state is water vapor transport through the air 

spaces of the fabric (Fourt & Harris, 1947). 

Measurement of Moisture Vapor Transmission 

A variety of techniques is available to evaluate the water vapor transport 

characteristics of clothing materials (Day & Sturggeon, 1986; Farnworth & Dolhan, 

1984; Gibson, 1993; van Beest & Wittgen, 1986). Theoretically, all the techniques have 

the identical variable of interest, namely, water vapor resistance, which is typically 

expressed in terms of the thickness of still air whose resistance is equivalent to the water 

vapor resistance of the fabric; however, discrepancies are found between the results in the 

distinct methods. Gibson compared the two most common methods, i.e., sweating 

guarded hot plate test and upright cup method. The latter has been accepted in the ASTM 

method E96-80 for testing the water vapor resistance of textile materials, because of its 

simple procedure and inexpensive equipment. The upright cup, or cup/dish, method 

accounts solely for the mass transfer effect, whereas the hot plate method accounts for 

both heat and mass transfer effects. Both techniques include, in the observed water vapor



resistance, the resistance of the air layer between the fabric and the outside environment 

which is a source of data scatter; however, the cup/dish method has another inherent 

problem. The observed resistance obtained from the cup/dish method includes the 

resistance of the still air layer between fabric and water. This layer of still air has a 

higher resistance than the fabric itself. Therefore, Gibson recommended that the 

cup/dish method should be used only for testing materials with high water vapor 

resistance. 

Factors Contributing to Moisture Vapor Transmission 

Several factors, including fabric properties, influence water vapor transmission 

characteristics of clothing materials. This subsection describes such factors. 

Fabric air permeability and porosity. Moisture vapor is transferred from skin to 

the outside environment mainly by diffusing through the air spaces of fabrics. Therefore, 

fabrics with higher air permeability and porosity (less density) will transport greater 

amounts of moisture than will those with lower air permeability and porosity (higher 

density). Dullien (1975) reported the strong dependence of permeability on porosity. 

Moreover, Wehner et al. (1988) found large changes in air permeability resulting from 

rather small porosity changes, which supported Dullien’s findings. On the other hand, 

Gregory (1930) found that, under pressure, vapor diffusion through fabrics is independent 

of the rate of air passage. 
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Fabric thickness. Thickness directly influences water vapor permeability. 

The thicker the fabric, the longer the distance of passage of water vapor. Therefore, 

fabrics requiring high vapor transmission are usually thin. In addition, the sorptive 

capacity of fibers, especially of absorbent fibers, induces dimensional changes in fabrics 

under conditions of high relative humidity and results in increased thickness (Wehner, 

Miller, & Rebenfeld, 1987). 

Fiber and fabric structure. Fourt and Harris (1947) showed that, normally, fibers 

affect water vapor resistance only when the fiber volume exceeds 30-40% of the total 

volume of a fabric. Fabrics having proportionately less fiber volume exhibit very similar 

water vapor resistance due to the sufficient availability of low-resistance pathways 

through air spaces in the fabrics. 

Gregory (1930) showed that, under pressure, the effect of fabric air permeability 

on water vapor permeability or resistance is less for fabrics made of absorbent, low- 

resistance fibers such as cellulosic fibers and wool fibers than for fabrics made of 

nonabsorbent, high-resistance fibers. Absorbent, low-resistance fibers do not block the 

passage of water vapor even in the tightest fabric weaves, indicating that water vapor 

transports mainly through the substances of the fibers themselves. In contrast, the vapor 

resistance of fabrics having nonabsorbent fibers increases tremendously when fabric 

density increases. That is, the main pathway of water vapor through these materials is the _ 

air space between fibers and yarns. 

According to Fourt, Craig, and Rutherford (1957), cotton is a better fiber choice 
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for high water vapor transmission along the fiber surface and within the fiber than are 

fibers with low moisture sorptive capacities. Fourt et al. also reported no differences in 

vapor transmission for cottons of quite distinct wall thickness. 

As described earlier, moisture transmission during the transient condition is a 

combination of moisture transfer through air spaces of fabrics and moisture sorption by 

fibers. Unlike the transient state, the moisture vapor transmission through fabric 

interstices is a dominant mechanism under steady state. Gibson (1993) provided a similar 

idea that, under the steady-state condition, water uptake by fibers themselves can be 

ignored in most cases unless the fibers and yarns swell significantly causing dimensional 

changes in them and in fabrics. Thus, the sorptive capacities of fibers play their most 

important roles, by far, during the transient state. 

Some researchers (Mecheels, Demeler, & Kachel, 1966; Wehner et al., 1987) 

have studied the effect of swelling, due to the nature of fibers themselves and relative 

humidity, on water vapor transmission as fabric porosity and thickness are influenced. 

The consensus is that, under the steady state, more or less intensive swelling has no 

influence on the moisture vapor transmission of fabrics. However, during the transient 

condition, dimensional swelling of the individual fibers is postulated to cause fabric 

structure alterations as the fibers absorb moisture. The magnitude of the dimensional 

changes, i.e., the extent of increase in the radius of curvature of the fibers and yarns, 

depends on fiber type and fabric structure. Wehner et al. showed that, as relative 

humidity increases, fiber swelling causes fabric porosity to decrease and that this effect is



more severe in constrained fabrics. In constrained fabrics, the more severe decrease in 

porosity with fiber swelling occurs because the constraint of a fabric at the two ends 

limits the longitudinal (or fabric length) change, while the fiber radius can increase more 

freely. 

Environment. The rate of moisture vapor diffusion increases with increasing 

ambient temperature (Fourt & Hollies, 1970) and with increasing wind velocity in the 

environment (Gibson, 1993). The rate of diffusion decreases with increasing relative 

humidity in the environment (Fourt & Harris, 1947; Wehner et al., 1987). 

In cases of microporous and hydrophilic films, the rate of vapor diffusion in 

microporous polytetrafluoroethylene (PTFE) and polyurethane films showed little 

variation with relative humidity, but the resistance of fabrics and films with hydrophilic 

coatings increased substantially as relative humidity decreased (Farnworth, Lotens, & 

Wittgen, 1990). 

Finishes. Mecheels, Demeler, and Kachel (1966) investigated the effects of a 

water repellent finish and of a polyoxymethylene cross-linking finish on moisture 

transfer. The researchers found that a) the water repellent finish reduced moisture 

transfer of fabrics, and b) the chemical cross-linking of cotton did not reduce the rate of 

moisture transmission to a noteworthy extent. These differences were concluded from 

the effects of the finishes on the wettability of the fibers, which has a strong influence on 

moisture transfer by fabrics. With the water repellent finish, the wettability of the fiber is 
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reduced tremendously, whereas, with the cross-linking finish, the wettability is decreased 

only some extent. 

Wickability and Wettability 

Hatch (1993) defined wicking as a horizontal or vertical movement of liquid 

through a given fabric area by capillary action. Wettability is a textile’s ability to when 

the contact of the fabric surface comes in contact with a specified liquid under specified 

conditions. The wettability of the fiber surface has a significant influence on the transfer 

of heat and moisture vapor by a fabric (Fourt & Harris, 1968; Fourt & Hollies, 1970; 

Hatch; Mecheels et al., 1966); therefore, it plays an important role in comfort. Mecheels 

et al. revealed that, even in the absence of a temperature gradient, increased wetting of a 

fiber surface due to wicking results in increased moisture transfer values at a variety of 

humidity levels, even as low as 50% relative humidity. 

The chemical nature of the fiber contributes to its wickability. Polypropylene, a 

hydrophobic fiber, has been claimed to have much higher wickability than do hydrophilic 

fibers such as cotton, and the high wickability enhances the transfer of moisture from the 

skin to the outside environment (Farnworth & Dolhan, 1985). The low wickability of 

cotton is due to water being attracted to the numerous hydroxyl groups of the polymer. 

Moisture Transport between Fabrics 

Adler and Walsh (1984) and Farnworth and Dolhan (1985) stated that, between 
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�T�h�e� �h�u�m�a�n� �b�o�d�y� �g�e�n�e�r�a�t�e�s� �h�e�a�t� �b�y� �a� �m�e�t�a�b�o�l�i�c� �p�r�o�c�e�s�s� �i�n� �t�h�e� �a�c�t�i�v�e� �t�i�s�s�u�e�s�-�-� 

�p�r�i�m�a�r�i�l�y� �a�t� �s�k�e�l�e�t�a�l� �m�u�s�c�l�e�s�.� �A�t� �t�h�e� �s�a�m�e� �t�i�m�e�,� �t�h�e� �b�o�d�y� �e�x�c�h�a�n�g�e�s� �(�g�a�i�n�s� �o�r� �l�o�s�e�s�)� �h�e�a�t� 

�w�i�t�h� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �b�y� �c�o�n�d�u�c�t�i�o�n�,� �c�o�n�v�e�c�t�i�o�n�,� �r�a�d�i�a�t�i�o�n� �a�n�d� �e�v�a�p�o�r�a�t�i�o�n�.� 

�H�e�a�t� �g�e�n�e�r�a�t�e�d� �b�y� �a� �t�i�s�s�u�e� �o�r� �o�r�g�a�n� �m�u�s�t� �b�e� �r�e�m�o�v�e�d� �t�o� �m�a�i�n�t�a�i�n� �t�h�e�r�m�a�l� �b�a�l�a�n�c�e�.� 

�T�h�e� �t�r�a�n�s�f�e�r� �o�f� �h�e�a�t� �f�r�o�m� �t�h�e� �b�o�d�y� �c�o�r�e� �t�o� �t�h�e� �s�k�i�n� �o�c�c�u�r�s� �b�y� �a�)� �t�i�s�s�u�e� �c�o�n�d�u�c�t�i�o�n�,� �a�n�d� �b�)� 

�b�l�o�o�d� �c�o�n�v�e�c�t�i�o�n� �w�h�i�c�h� �i�s� �a� �m�a�i�n� �p�a�t�h� �(�H�o�u�d�a�s� �&� �R�i�n�g�,� �1�9�8�2�)�.� �H�e�a�t� �a�t� �t�h�e� �s�k�i�n�,� �t�h�e�n�,� 
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�f�u�r�t�h�e�r� �e�x�c�h�a�n�g�e�s� �w�i�t�h� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �b�y� �c�o�n�d�u�c�t�i�o�n�,� �c�o�n�v�e�c�t�i�o�n�,� �r�a�d�i�a�t�i�o�n�,� �a�n�d� 

�e�v�a�p�o�r�a�t�i�o�n�.� �B�a�s�a�l� �e�v�a�p�o�r�a�t�i�v�e� �h�e�a�t� �l�o�s�s� �o�c�c�u�r�s� �b�y� �i�n�s�e�n�s�i�b�l�e� �p�e�r�s�p�i�r�a�t�i�o�n� �t�h�r�o�u�g�h� �t�h�e� 

�r�e�s�p�i�r�a�t�o�r�y� �t�r�a�c�t� �a�n�d� �b�y� �s�e�n�s�i�b�l�e� �p�e�r�s�p�i�r�a�t�i�o�n�,� �o�r� �s�w�e�a�t�i�n�g�,� �t�h�r�o�u�g�h� �t�h�e� �s�k�i�n�.� �A� �l�a�r�g�e�r� 

�a�m�o�u�n�t� �o�f� �h�e�a�t� �i�s� �e�x�c�h�a�n�g�e�d� �t�h�r�o�u�g�h� �t�h�e� �s�k�i�n� �(�H�o�u�d�a�s� �&� �R�i�n�g�)�.� 

�T�h�e� �b�o�d�y ��s� �t�e�m�p�e�r�a�t�u�r�e� �s�e�n�s�o�r�s� �a�r�e� �l�o�c�a�t�e�d� �i�n� �t�h�e� �c�o�r�e� �a�n�d� �t�h�e� �s�h�e�l�l�,� �w�h�e�r�e�a�s� �t�h�e� 

�t�e�m�p�e�r�a�t�u�r�e� �r�e�g�u�l�a�t�i�o�n� �c�e�n�t�e�r� �w�h�i�c�h� �m�a�i�n�t�a�i�n�s� �t�h�e� �h�e�a�t� �b�a�l�a�n�c�e� �i�s� �l�o�c�a�t�e�d� �i�n� �t�h�e� 

�h�y�p�o�t�h�a�l�a�m�u�s�.� �N�o�r�m�a�l�l�y�,� �t�h�e� �d�e�e�p� �b�o�d�y� �c�o�r�e� �t�e�m�p�e�r�a�t�u�r�e� �i�s� �a�b�o�u�t� �3�7�°�C�,� �o�r� �9�8�.�6�°�F�.� 

�C�h�a�n�g�e�s� �i�n� �t�h�e� �c�o�r�e� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �+�2�°�C� �s�e�v�e�r�e�l�y� �a�f�f�e�c�t� �b�o�d�y� �f�u�n�c�t�i�o�n�s� �a�n�d� �t�a�s�k� 

�p�e�r�f�o�r�m�a�n�c�e�,� �a�n�d� �d�e�v�i�a�t�i�o�n�s� �o�f� �+�6�°�C� �a�r�e� �u�s�u�a�l�l�y� �l�e�t�h�a�l� �(�F�o�u�r�t� �&� �H�o�l�l�i�e�s�,� �1�9�7�0�)�.� 

�T�h�e�r�m�a�l� �h�o�m�e�o�s�t�a�s�i�s� �i�s� �a�c�h�i�e�v�e�d� �b�y� �(�a�)� �r�e�g�u�l�a�t�i�o�n� �o�f� �t�h�e� �b�l�o�o�d� �f�l�o�w�,� �(�b�)� �c�h�a�n�g�e� �i�n� 

�e�x�t�e�r�n�a�l� �w�o�r�k� �o�r� �e�x�e�r�c�i�s�e�,� �a�n�d� �(�c�)� �c�h�a�n�g�e� �i�n� �c�l�o�t�h�i�n�g� �(�F�o�u�r�t� �&� �H�o�l�l�i�e�s�)�.� 

�P�a�r�s�o�n�s� �(�1�9�9�3�)� �a�n�d� �P�o�w�e�r�s� �a�n�d� �H�o�w�l�e�y� �(�1�9�9�4�)� �e�x�p�l�a�i�n�e�d� �h�u�m�a�n� �p�h�y�s�i�o�l�o�g�y� �a�n�d� 

�t�h�e�r�m�o�r�e�g�u�l�a�t�i�o�n� �i�n� �h�o�t� �e�n�v�i�r�o�n�m�e�n�t�s� �a�s� �f�o�l�l�o�w�s�.� �T�h�e�r�m�a�l� �r�e�c�e�p�t�o�r�s�,� �o�r� �t�h�e�r�m�o�s�e�n�s�o�r�s�,� 

�l�o�c�a�t�e�d� �i�n� �t�h�e� �s�k�i�n� �d�e�t�e�c�t� �i�n�c�r�e�a�s�e�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� �t�e�m�p�e�r�a�t�u�r�e�.� �T�h�e� �s�k�i�n�-�t�e�m�p�e�r�a�t�u�r�e� 

�r�e�c�e�p�t�o�r�s� �t�r�a�n�s�m�i�t� �n�e�u�r�o�n� �i�m�p�u�l�s�e�s� �t�o� �t�h�e� �c�e�n�t�r�a�l� �n�e�r�v�o�u�s� �s�y�s�t�e�m� �(�C�N�S�)�:� �t�h�e� �s�p�i�n�a�l� �c�o�r�d� 

�a�n�d� �t�h�e� �b�r�a�i�n�.� �T�h�e� �i�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e�r�m�a�l� �c�o�n�d�i�t�i�o�n�s� �o�f� �t�h�e� �b�o�d�y� �t�a�k�e�s� �p�l�a�c�e� �i�n� �t�h�e� 

�h�y�p�o�t�h�a�l�a�m�u�s�,� �t�h�e� �b�o�d�y ��s� �t�h�e�r�m�o�s�t�a�t�.� �A�n� �i�n�c�r�e�a�s�e� �i�n� �b�o�d�y� �c�o�r�e� �t�e�m�p�e�r�a�t�u�r�e� �a�b�o�v�e� �a� �s�e�t� 

�p�o�i�n�t�,� �a�p�p�r�o�x�i�m�a�t�e�l�y� �9�8�.�6�°�F� �(�3�7�°�C�)� �i�n� �h�u�m�a�n�s�,� �r�e�s�u�l�t�s� �i�n� �t�h�e� �h�y�p�o�t�h�a�l�a�m�u�s� �i�n�i�t�i�a�t�i�n�g� 

�p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�s�p�o�n�s�e�s� �t�o� �i�n�c�r�e�a�s�e� �h�e�a�t� �l�o�s�s�.� �T�h�e� �v�a�s�o�m�o�t�o�r� �c�o�n�t�r�o�l� �c�e�n�t�e�r� �i�n�c�r�e�a�s�e�s� 

�c�u�t�a�n�e�o�u�s� �b�l�o�o�d� �f�l�o�w� �b�y� �v�a�s�o�d�i�l�a�t�i�o�n�,� �r�e�s�u�l�t�i�n�g� �i�n� �i�n�c�r�e�a�s�e�d� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �t�h�e�r�e�b�y� 

�i�n�c�r�e�a�s�i�n�g� �h�e�a�t� �l�o�s�s� �b�y� �c�o�n�d�u�c�t�i�o�n�,� �c�o�n�v�e�c�t�i�o�n�,� �a�n�d� �r�a�d�i�a�t�i�o�n�.� �I�n� �o�r�d�e�r� �t�o� �d�i�l�a�t�e� 
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�c�u�t�a�n�e�o�u�s� �v�e�s�s�e�l�s�,� �c�e�n�t�r�a�l� �b�l�o�o�d� �v�o�l�u�m�e�s� �m�u�s�t� �b�e� �d�e�c�r�e�a�s�e�d�,� �c�a�u�s�i�n�g� �a� �f�a�l�l� �o�f� �t�h�e� �s�t�r�o�k�e� 

�v�o�l�u�m�e� �a�n�d� �a�n� �i�n�c�r�e�a�s�e� �i�n� �h�e�a�r�t� �r�a�t�e�.� �I�f� �h�e�a�t� �t�r�a�n�s�f�e�r� �i�s� �n�o�t� �s�u�f�f�i�c�i�e�n�t�,� �t�h�e� �h�y�p�o�t�h�a�l�a�m�u�s� 

�w�i�l�l� �s�t�i�m�u�l�a�t�e� �t�h�e� �s�w�e�a�t� �g�l�a�n�d�s�,� �r�e�s�u�l�t�i�n�g� �i�n� �e�v�a�p�o�r�a�t�i�o�n� �t�o� �c�o�o�l� �t�h�e� �s�k�i�n�.� �W�h�e�n� �c�o�r�e� 

�t�e�m�p�e�r�a�t�u�r�e� �r�e�t�u�r�n�s� �t�o� �t�h�e� �s�e�t� �p�o�i�n�t�,� �t�h�e� �s�t�i�m�u�l�u�s� �t�o� �p�r�o�m�o�t�e� �b�o�t�h� �s�w�e�a�t�i�n�g� �a�n�d� 

�v�a�s�o�d�i�l�a�t�i�o�n� �i�s� �r�e�m�o�v�e�d�;� �t�h�i�s� �r�e�a�c�t�i�o�n� �i�s� �c�a�l�l�e�d�  ��a� �n�e�g�a�t�i�v�e� �f�e�e�d�b�a�c�k �� �(�P�o�w�e�r�s� �&� 

�H�o�w�l�e�y�)�.� �F�i�n�a�l�l�y�,� �i�f� �t�r�a�n�s�f�e�r� �o�f� �h�e�a�t� �b�y� �s�u�c�h� �m�o�d�e�s� �i�s� �s�t�i�l�l� �n�o�t� �s�u�f�f�i�c�i�e�n�t�,� �m�u�s�c�u�l�a�r� 

�a�c�t�i�v�i�t�i�e�s� �m�u�s�t� �b�e� �r�e�d�u�c�e�d� �t�o� �l�o�w�e�r� �t�h�e� �a�m�o�u�n�t� �o�f� �e�n�e�r�g�y� �g�e�n�e�r�a�t�e�d� �t�h�r�o�u�g�h� �m�e�t�a�b�o�l�i�c� 

�p�r�o�c�e�s�s�e�s�;� �o�t�h�e�r�w�i�s�e� �t�h�e� �b�o�d�y� �c�o�r�e� �t�e�m�p�e�r�a�t�u�r�e� �w�i�l�l� �e�x�c�e�e�d� �a� �t�o�l�e�r�a�b�l�e� �l�i�m�i�t�.� 

�H�e�a�t� �b�a�l�a�n�c�e� �c�a�n� �b�e� �e�x�p�r�e�s�s�e�d� �b�y� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�q�u�a�t�i�o�n� �(�P�a�r�s�o�n�s�,� �1�9�9�3�)�:� 

�M�-�W� �=� �E�+�R�+�C�+�K�+�4�S�,� 

�w�h�e�r�e� �M� �i�s� �t�h�e� �r�a�t�e� �o�f� �m�e�t�a�b�o�l�i�c� �e�n�e�r�g�y� �p�r�o�d�u�c�t�i�o�n�,� �a�n�d� �W� �i�s� �t�h�e� �r�a�t�e� �o�f� �e�x�t�e�r�n�a�l� 

�w�o�r�k�i�n�g�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e�,� �M�-�W�,� �i�s� �t�h�e� �r�e�m�a�i�n�i�n�g� �e�n�e�r�g�y� �w�h�i�c�h� �i�s� �r�e�l�e�a�s�e�d� �a�s� �h�e�a�t�.� �E�,� �R�,� 

�C� �a�n�d� �K� �a�r�e� �t�h�e� �r�a�t�e�s� �o�f� �h�e�a�t� �t�r�a�n�s�f�e�r� �b�y� �e�v�a�p�o�r�a�t�i�o�n�,� �r�a�d�i�a�t�i�o�n�,� �c�o�n�v�e�c�t�i�o�n� �a�n�d� 

�c�o�n�d�u�c�t�i�o�n� �r�e�s�p�e�c�t�i�v�e�l�y�.� �W�h�e�n� �c�o�m�b�i�n�e�d� �t�o�g�e�t�h�e�r�,� �a�l�l� �o�f� �t�h�e� �r�a�t�e�s� �o�f� �h�e�a�t� �p�r�o�d�u�c�t�i�o�n� �a�n�d� 

�l�o�s�s� �p�r�o�v�i�d�e� �a� �r�a�t�e� �o�f� �h�e�a�t� �s�t�o�r�a�g�e� �(�S�)� �i�n� �t�i�s�s�u�e�s�.� �A� �b�o�d�y� �i�n� �h�e�a�t� �b�a�l�a�n�c�e� �h�a�s� �a� �h�e�a�t� 

�s�t�o�r�a�g�e� �r�a�t�e� �o�f� �z�e�r�o�.� �I�f� �t�h�e�r�e� �i�s� �h�e�a�t� �g�a�i�n�,� �t�h�e� �h�e�a�t� �s�t�o�r�a�g�e� �t�e�r�m� �w�i�l�l� �b�e� �p�o�s�i�t�i�v�e� �a�n�d� �b�o�d�y� 

�t�e�m�p�e�r�a�t�u�r�e� �w�i�l�l� �r�i�s�e�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �i�f� �t�h�e�r�e� �i�s� �h�e�a�t� �l�o�s�s�,� �t�h�e� �h�e�a�t� �s�t�o�r�a�g�e� �t�e�r�m� �w�i�l�l� 

�b�e� �n�e�g�a�t�i�v�e� �a�n�d� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e� �w�i�l�l� �f�a�l�l�.� 

�I�n�d�i�v�i�d�u�a�l�s� �e�x�p�e�r�i�e�n�c�e� �t�h�e�r�m�a�l� �d�i�s�c�o�m�f�o�r�t� �w�h�e�n� �t�h�e�i�r� �b�o�d�i�e�s� �c�a�n�n�o�t� �a�c�h�i�e�v�e� �h�e�a�t� 

�b�a�l�a�n�c�e�,� �a�n�d�,� �e�v�e�n�t�u�a�l�l�y�,� �m�a�y� �e�x�p�e�r�i�e�n�c�e� �h�e�a�t� �s�t�r�a�i�n� �w�h�e�n� �t�h�e�i�r� �b�o�d�i�e�s� �d�e�v�i�a�t�e� �s�e�v�e�r�e�l�y� 

�f�r�o�m� �h�e�a�t� �b�a�l�a�n�c�e�.� �F�o�u�r�t� �a�n�d� �H�o�l�l�i�e�s� �(�1�9�7�0�)� �r�e�v�i�e�w�e�d� �s�e�v�e�r�a�l� �s�i�g�n�s� �o�f� �h�e�a�t� �s�t�r�e�s�s� �o�n� �t�h�e� 
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�b�o�d�y�.� �T�h�e� �f�i�r�s�t� �s�i�g�n� �i�s� �s�w�e�a�t� �r�a�t�e�.� �W�h�e�n� �p�r�o�d�u�c�e�d� �s�w�e�a�t� �h�a�s� �r�e�a�c�h�e�d� �o�n�e�-�t�h�i�r�d� �o�f� �t�h�e� 

�m�a�x�i�m�a�l� �e�v�a�p�o�r�a�t�i�v�e� �c�a�p�a�c�i�t�y�,� �s�w�e�a�t� �b�e�g�i�n�s� �t�o� �d�r�i�p� �o�f�f� �t�h�e� �s�k�i�n�.� �A�t� �t�h�e� �o�n�s�e�t� �o�f� �s�w�e�a�t�i�n�g�,� 

�t�h�e� �f�i�r�s�t� �a�r�e�a� �t�o� �s�w�e�a�t� �i�s�,� �g�e�n�e�r�a�l�l�y�,� �t�h�e� �f�o�r�e�h�e�a�d�,� �f�o�l�l�o�w�e�d� �i�n� �o�r�d�e�r� �b�y� �t�h�e� �u�p�p�e�r� �a�r�m�s�,� 

�h�a�n�d�s�,� �t�h�i�g�h�s�,� �f�e�e�t�,� �a�n�d�,� �f�i�n�a�l�l�y�,� �b�a�c�k� �a�n�d� �a�b�d�o�m�e�n�.� �C�i�r�c�u�l�a�t�o�r�y� �a�c�t�i�v�i�t�i�e�s� �a�r�e� �a�l�s�o� 

�i�n�d�i�c�a�t�o�r�s� �o�f� �h�e�a�t� �s�t�r�a�i�n�.� �C�a�r�d�i�a�c� �o�u�t�p�u�t� �e�n�l�a�r�g�e�s� �m�o�s�t�l�y� �b�y� �a� �h�i�g�h�e�r� �h�e�a�r�t� �r�a�t�e� �(� �a� 

�r�e�d�u�c�t�i�o�n� �i�n� �s�y�s�t�o�l�i�c� �b�l�o�o�d� �p�r�e�s�s�u�r�e�)�.� �T�h�e� �b�o�d�y� �c�o�r�e� �t�e�m�p�e�r�a�t�u�r�e� �w�i�l�l� �r�i�s�e�,� �a�n�d� �t�h�i�s� �r�i�s�e� 

�s�h�o�u�l�d� �b�e� �c�o�u�n�t�e�r�a�c�t�e�d� �b�e�f�o�r�e� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �e�x�c�e�e�d�s� �t�h�e� �s�u�s�t�a�i�n�a�b�l�e� �l�i�m�i�t�.� �T�h�e� �w�a�t�e�r� 

�b�a�l�a�n�c�e� �w�i�t�h�i�n� �t�h�e� �b�o�d�y� �i�s� �a�n�o�t�h�e�r� �s�i�g�n� �o�f� �h�e�a�t� �s�t�r�a�i�n�.� �F�o�u�r�t� �a�n�d� �H�o�l�l�i�e�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �a� 

�l�o�s�s� �o�f� �b�o�d�y� �w�a�t�e�r� �o�f� �o�n�l�y� �o�n�e� �o�r� �t�w�o� �p�e�r�c�e�n�t� �o�f� �b�o�d�y� �w�e�i�g�h�t� �c�o�u�l�d� �c�r�i�t�i�c�a�l�l�y� �a�f�f�e�c�t� �t�h�e� 

�a�b�i�l�i�t�y� �o�f� �t�h�e� �b�o�d�y� �t�o� �c�o�n�t�r�o�l� �i�t�s� �f�u�n�c�t�i�o�n�s�.� �O�t�h�e�r� �r�e�a�c�t�i�o�n�s� �d�e�v�e�l�o�p�e�d� �d�u�r�i�n�g� �w�o�r�k� �o�r� 

�e�x�e�r�c�i�s�e� �i�n� �e�x�c�e�s�s�i�v�e� �h�e�a�t� �a�r�e� �s�e�n�s�a�t�i�o�n�s� �o�f� �d�i�s�c�o�m�f�o�r�t� �s�u�c�h� �a�s� �p�r�i�c�k�l�y� �h�e�a�t� �a�n�d� �h�e�a�t� 

�c�r�a�m�p�s�.� �E�x�c�e�l�l�e�n�t� �d�e�s�c�r�i�p�t�i�o�n�s� �o�f� �h�e�a�t� �d�i�s�o�r�d�e�r� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s�,� �t�h�e�i�r� �s�i�g�n�s� �a�n�d� �s�y�m�p�t�o�m�s�,� 

�a�s� �w�e�l�l� �a�s� �t�h�e�i�r� �t�r�e�a�t�m�e�n�t�s� �a�r�e� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s� �E�n�v�i�r�o�n�m�e�n�t�a�l� �P�r�o�t�e�c�t�i�o�n� 

�A�g�e�n�c�y� �(�1�9�9�3�)�,� �b�y� �F�o�u�r�t� �a�n�d� �H�o�l�l�i�e�s� �(�1�9�7�0�)�,� �a�n�d� �b�y� �P�a�r�s�o�n�s� �(�1�9�9�3�)�.� 

�P�s�y�c�h�o�l�o�g�i�c�a�l� �R�e�s�p�o�n�s�e�s� �t�o� �H�e�a�t� 

�R�e�g�a�r�d�i�n�g� �t�h�e�r�m�a�l� �s�e�n�s�a�t�i�o�n�,� �S�c�h�m�i�d�t� �(�1�9�7�8�)� �s�t�a�t�e�d� �t�h�a�t� �t�h�e� �t�h�e�r�m�a�l� �r�e�c�e�p�t�o�r�s� �i�n� 

�t�h�e� �s�k�i�n� �n�o�t� �o�n�l�y� �p�a�r�t�i�c�i�p�a�t�e� �i�n� �t�h�e�r�m�o�r�e�g�u�l�a�t�i�o�n� �b�u�t� �a�l�s�o� �s�e�r�v�e� �a�s� �t�h�e� �s�e�n�s�o�r�s� �o�f� 

�c�o�n�s�c�i�o�u�s� �t�e�m�p�e�r�a�t�u�r�e� �s�e�n�s�a�t�i�o�n�.� �T�h�e� �r�e�c�e�p�t�o�r�s� �t�r�a�n�s�m�i�t� �n�e�u�r�o�n� �i�m�p�u�l�s�e�s� �t�o� �t�h�e� �C�N�S� �b�u�t�,� 

�i�n� �t�h�i�s� �c�a�s�e�,� �t�h�e� �i�n�t�e�g�r�a�t�o�r�s� �a�r�e� �t�h�e� �t�h�a�l�a�m�u�s� �n�o�n�s�p�e�c�i�f�i�c� �n�u�c�l�e�i�.� �A�s� �a� �r�e�s�u�l�t� �o�f� �a�n� 

�i�n�t�e�g�r�a�t�i�o�n�,� �a� �p�e�r�s�o�n� �m�a�y� �e�x�p�r�e�s�s� �h�i�s� �t�h�e�r�m�a�l� �p�e�r�c�e�p�t�i�o�n� �b�y� �w�o�r�d�s� �o�r� �g�e�s�t�u�r�e�.� 
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�R�e�g�a�r�d�i�n�g� �m�o�i�s�t�u�r�e� �s�e�n�s�a�t�i�o�n�,� �t�h�e� �s�k�i�n� �c�o�n�t�a�i�n�s� �n�o� �s�e�n�s�o�r�s� �f�o�r� �m�o�i�s�t�u�r�e�.� �H�u�m�a�n�s� 

�s�e�n�s�e� �m�o�i�s�t�u�r�e� �b�y� �t�o�u�c�h�,� �p�r�e�s�s�u�r�e�,� �o�r� �t�e�m�p�e�r�a�t�u�r�e� �s�e�n�s�o�r�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �a� �p�e�r�s�o�n� �s�e�n�s�e�s� 

�t�h�e� �d�r�i�p�p�i�n�g� �o�f� �s�w�e�a�t� �d�o�w�n� �t�h�e� �b�o�d�y� �o�r� �f�e�e�l�s� �c�o�o�l� �w�h�e�n� �s�w�e�a�t� �i�s� �e�v�a�p�o�r�a�t�e�d�.� �F�i�g�u�r�e� �2� 

�s�u�m�m�a�r�i�z�e�s� �p�h�y�s�i�o�l�o�g�i�c�a�l� �a�n�d� �p�s�y�c�h�o�l�o�g�i�c�a�l� �r�e�s�p�o�n�s�e�s� �t�o� �a�n� �i�n�c�r�e�a�s�e�d� �h�e�a�t� �l�o�a�d�.� 

�H�u�m�a�n� �T�h�e�r�m�a�l�-�E�n�v�i�r�o�n�m�e�n�t� �F�a�c�t�o�r�s� �I�n�f�l�u�e�n�c�i�n�g� �H�e�a�t� �S�t�r�a�i�n� 

�S�i�x� �m�a�j�o�r� �f�a�c�t�o�r�s� �a�f�f�e�c�t� �h�e�a�t� �s�t�r�a�i�n� �i�n� �h�u�m�a�n�s�,� �i�.�e�.�,� �a�i�r� �t�e�m�p�e�r�a�t�u�r�e�,� �r�a�d�i�a�n�t� 

�t�e�m�p�e�r�a�t�u�r�e�,� �h�u�m�i�d�i�t�y�,� �a�i�r� �v�e�l�o�c�i�t�y�,� �c�l�o�t�h�i�n�g�,� �a�n�d� �a�c�t�i�v�i�t�y� �(�P�a�r�s�o�n�s�,� �1�9�9�3�)�.� �C�o�n�d�i�t�i�o�n�s� 

�w�i�t�h� �h�i�g�h� �a�i�r� �t�e�m�p�e�r�a�t�u�r�e�,� �r�a�d�i�a�n�t� �t�e�m�p�e�r�a�t�u�r�e�,� �a�n�d� �h�u�m�i�d�i�t�y� �c�a�n� �e�a�s�i�l�y� �i�n�d�u�c�e� �h�e�a�t� 

�d�i�s�o�r�d�e�r�.� �M�u�c�h� �r�e�s�e�a�r�c�h� �h�a�s� �b�e�e�n� �c�o�n�d�u�c�t�e�d� �t�o� �d�e�f�i�n�e� �t�h�e� �u�p�p�e�r� �l�i�m�i�t� �o�f� �a�i�r� �t�e�m�p�e�r�a�t�u�r�e� 

�a�n�d� �h�u�m�i�d�i�t�y� �i�n� �w�h�i�c�h� �o�n�e� �c�a�n� �m�a�i�n�t�a�i�n� �h�e�a�t� �e�q�u�i�l�i�b�r�i�u�m� �(�R�o�b�i�n�s�o�n�,� �1�9�4�5�)�.� �F�o�u�r�t� �a�n�d� 

�H�o�l�l�i�e�s� �(�1�9�7�0�)� �n�o�t�e�d� �t�h�a�t� �a�i�r� �m�o�v�e�m�e�n�t� �e�n�h�a�n�c�e�d� �h�e�a�t� �t�r�a�n�s�f�e�r� �b�y� �c�o�n�v�e�c�t�i�o�n� �a�n�d� 

�e�v�a�p�o�r�a�t�i�o�n�.� �S�a�n�t�e�e� �a�n�d� �W�e�n�g�e�r� �(�1�9�8�9�)� �s�t�u�d�i�e�d� �t�h�e� �e�f�f�e�c�t� �o�f� �h�u�m�i�d�i�t�y� �a�n�d� �f�a�b�r�i�c�s� �o�n� �h�e�a�t� 

�s�t�r�a�i�n�.� �H�u�m�i�d�i�t�y� �a�d�v�e�r�s�e�l�y� �a�f�f�e�c�t�e�d� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �s�u�b�j�e�c�t�s� �w�e�a�r�i�n�g� �p�r�o�t�e�c�t�i�v�e� 

�g�a�r�m�e�n�t�s�.� �T�h�e� �f�i�n�d�i�n�g�s� �a�l�s�o� �s�h�o�w�e�d� �t�h�a�t� �t�h�e� �s�e�l�e�c�t�i�o�n� �o�f� �f�a�b�r�i�c� �s�y�s�t�e�m�s� �c�o�u�l�d� �m�a�k�e� �a� 

�s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �i�n� �p�h�y�s�i�o�l�o�g�i�c�a�l� �s�t�r�a�i�n� �e�x�p�e�r�i�e�n�c�e�d� �d�u�r�i�n�g� �h�e�a�t� �e�x�p�o�s�u�r�e� �i�n� 

�c�h�e�m�i�c�a�l� �p�r�o�t�e�c�t�i�v�e� �c�l�o�t�h�i�n�g�.� �T�a�n�a�k�a�,� �B�r�i�s�s�o�n�,� �a�n�d� �V�o�l�l�e� �(�1�9�7�8�)� �i�n�v�e�s�t�i�g�a�t�e�d� �h�e�a�t� 

�e�x�p�o�s�u�r�e� �u�n�d�e�r� �i�m�p�e�r�m�e�a�b�l�e� �p�r�o�t�e�c�t�i�v�e� �c�l�o�t�h�i�n�g�.� �T�h�e� �m�i�c�r�o�-�c�l�i�m�a�t�e� �b�e�t�w�e�e�n� �t�h�e� �s�k�i�n� 

�a�n�d� �s�u�c�h� �a�c�l�o�t�h�i�n�g� �s�y�s�t�e�m� �i�s� �o�n�e� �o�f� �h�i�g�h� �a�m�b�i�e�n�t� �t�e�m�p�e�r�a�t�u�r�e�,� �h�i�g�h� �h�u�m�i�d�i�t�y�,� �a�n�d� �l�o�w� 

�w�i�n�d� �v�e�l�o�c�i�t�y�.� �T�h�e� �l�a�c�k� �o�f� �a�i�r� �m�o�v�e�m�e�n�t� �n�o�t� �o�n�l�y� �r�e�d�u�c�e�s� �h�e�a�t� �c�o�n�v�e�c�t�i�o�n� �b�u�t� �a�l�s�o� 

�k�e�e�p�s� �a� �s�t�i�l�l� �a�i�r� �l�a�y�e�r� �a�t� �t�h�e� �s�k�i�n� �s�u�r�f�a�c�e�,� �w�h�e�r�e�a�s� �h�u�m�i�d�i�t�y� �i�m�p�e�d�e�s� �s�w�e�a�t� �e�v�a�p�o�r�a�t�i�o�n�.� 
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�I�n�c�r�e�a�s�e�d� �h�e�a�t� �l�o�a�d� 
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� � 
�S�e�n�s�e� �b�y� �t�h�e�r�m�o�r�e�c�e�p�t�o�r�s� �i�n� �t�h�e� �s�k�i�n� 

� � � � 

� � 

�I�n�t�e�g�r�a�t�i�o�n� �i�n� 

�t�h�a�l�a�m�u�s� �n�o�n�s�p�e�c�i�f�i�c� �n�u�c�l�e�i� � � 

� � 

�I�n�t�e�g�r�a�t�i�o�n� �i�n� �h�y�p�o�t�h�a�l�a�m�u�s� 
� � � � � � 

� � � � 

� � 

�P�s�y�c�h�o�l�o�g�i�c�a�l� �r�e�s�p�o�n�s�e�s� 

�-� �f�e�e�l� �w�a�r�m�,� �e�t�c�.� � � � � � � 

�F�i�g�u�r�e� �2�.� �A� �s�u�m�m�a�r�y� �o�f� �p�h�y�s�i�o�l�o�g�i�c�a�l� �a�n�d� �p�s�y�c�h�o�l�o�g�i�c�a�l� �r�e�s�p�o�n�s�e�s� �t�o� �h�e�a�t� �l�o�a�d�.� 

� � 

�P�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�s�p�o�n�s�e�s� 

�-� �i�n�c�r�e�a�s�e� �i�n� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� 

�(� �v�a�s�o�d�i�l�a�t�i�o�n�)� 

�-� �s�w�e�a�t�i�n�g� � � � � � � 
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�I�m�p�e�r�m�e�a�b�l�e� �c�l�o�t�h�i�n�g� �g�r�e�a�t�l�y� �i�n�c�r�e�a�s�e�s� �t�h�e� �r�i�s�k� �o�f� �h�e�a�t� �s�t�r�a�i�n� �a�n�d� �r�e�d�u�c�e�s� �t�i�m�e� �o�f� 

�w�o�r�k�i�n�g�.� �T�h�e� �u�s�e� �o�f� �v�e�n�t�i�l�a�t�e�d� �p�a�n�e�l�s� �i�n� �s�u�c�h� �c�l�o�t�h�i�n�g� �c�a�n� �c�i�r�c�u�m�v�e�n�t� �t�h�e� �i�m�p�e�r�m�e�a�b�l�e� 

�l�a�y�e�r� �b�y� �i�n�t�r�o�d�u�c�i�n�g� �m�o�r�e� �m�o�v�i�n�g� �a�i�r� �u�n�d�e�r� �t�h�e� �c�l�o�t�h�i�n�g� �(�W�e�b�b�,� �1�9�5�9�)�.� 

�R�e�g�a�r�d�i�n�g� �t�h�e� �e�f�f�e�c�t� �o�f� �a�c�t�i�v�i�t�y� �o�n� �h�e�a�t� �s�t�r�a�i�n�,� �K�e�i�g�h�l�e�y� �(�1�9�8�5�)� �p�r�e�s�e�n�t�e�d� �t�h�e� 

�p�h�y�s�i�o�l�o�g�i�c�a�l� �r�a�t�e�s� �o�f� �w�o�r�k� �a�t� �d�i�f�f�e�r�e�n�t� �l�e�v�e�l�s� �o�f� �a�c�t�i�v�i�t�y� �a�s� �w�e�l�l� �a�s� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� 

�b�e�t�w�e�e�n� �w�o�r�k� �r�a�t�e�s� �a�n�d� �w�a�t�e�r� �e�v�a�p�o�r�a�t�i�o�n� �f�r�o�m� �t�h�e� �s�k�i�n�.� �T�h�e� �E�n�v�i�r�o�n�m�e�n�t�a�l� �P�r�o�t�e�c�t�i�o�n� 

�A�g�e�n�c�y� �(�1�9�9�3�)� �h�a�s� �l�i�s�t�e�d� �v�a�r�i�o�u�s� �t�a�s�k�s� �b�y� �a�p�p�r�o�x�i�m�a�t�e� �w�o�r�k�l�o�a�d� �i�n�v�o�l�v�e�d�.� �H�e�a�v�y� �o�r� 

�p�r�o�l�o�n�g�e�d� �w�o�r�k� �c�a�n� �e�a�s�i�l�y� �c�a�u�s�e� �h�e�a�t� �s�t�r�a�i�n� �b�e�c�a�u�s�e� �t�h�e� �h�a�r�d�e�r� �t�h�e� �t�a�s�k�,� �t�h�e� �m�o�r�e� 

�h�e�a�t� �p�r�o�d�u�c�e�d�,� �t�h�e� �h�o�t�t�e�r� �a� �w�o�r�k�e�r� �g�e�t�s�,� �a�n�d� �t�h�e� �m�o�r�e� �f�r�e�q�u�e�n�t�l�y� �r�e�s�t� �b�r�e�a�k�s� �a�r�e� �n�e�e�d�e�d�.� 

�T�h�e� �L�i�m�i�t� �o�f� �P�h�y�s�i�o�l�o�g�i�c�a�l� �S�t�r�a�i�n� 

�W�i�t�h� �r�e�g�a�r�d� �t�o� �t�h�e� �u�p�p�e�r� �l�i�m�i�t� �o�f� �p�h�y�s�i�o�l�o�g�i�c�a�l� �s�t�r�a�i�n�,� �W�e�b�b� �(�1�9�5�9�)� �d�e�f�i�n�e�d� �t�w�o� 

�t�y�p�e�s� �o�f� �l�i�m�i�t�s�,� �n�a�m�e�l�y�,� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �l�i�m�i�t� �a�n�d� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �t�o�l�e�r�a�n�c�e� �l�i�m�i�t�.� �T�h�e� 

�p�e�r�f�o�r�m�a�n�c�e� �l�i�m�i�t� �1�s� �t�h�e� �p�o�i�n�t� �w�h�e�r�e� �i�m�p�a�i�r�e�d� �f�u�n�c�t�i�o�n� �o�c�c�u�r�s�,� �a�n�d� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� 

�t�o�l�e�r�a�n�c�e� �l�i�m�i�t� �i�s� �t�h�e� �p�o�i�n�t� �w�h�e�r�e� �o�n�e� �i�s� �o�v�e�r�w�h�e�l�m�e�d� �b�y� �h�e�a�t� �e�x�p�o�s�u�r�e�,� �r�e�s�u�l�t�i�n�g� �i�n� �a� 

�c�o�l�l�a�p�s�e�.� �B�l�o�c�k�l�e�y�,� �M�c�C�u�t�c�h�a�n�,� �L�y�m�a�n�,� �a�n�d� �T�a�y�l�o�r� �(�1�9�5�4�)� �f�o�u�n�d� �t�h�a�t� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� 

�l�i�m�i�t� �w�a�s� �r�e�a�c�h�e�d� �i�n� �a�b�o�u�t� �t�h�r�e�e�-�f�o�u�r�t�h�s� �o�f� �t�h�e� �t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �r�e�a�c�h� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� 

�t�o�l�e�r�a�n�c�e� �l�i�m�i�t�.� �M�a�r�t�i�n� �a�n�d� �G�o�l�d�m�a�n� �(�1�9�7�2�)� �f�o�u�n�d�,� �w�i�t�h� �a� �l�a�r�g�e� �g�r�o�u�p� �o�f� �y�o�u�n�g� �h�e�a�l�t�h�y� 

�m�e�n�,� �t�h�a�t� �a� �h�e�a�t� �s�t�o�r�a�g�e� �o�f� �1�6�0� �k�c�a�l� �c�a�n� �r�e�s�u�l�t� �i�n� �a� �h�i�g�h� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �h�e�a�t� �c�a�s�u�a�l�t�i�e�s�.� 

�A�l�s�o�,� �a�s� �t�h�e� �b�o�d�y� �h�e�a�t� �s�t�o�r�a�g�e� �v�a�l�u�e�s� �r�e�a�c�h�e�d� �8�0� �k�c�a�l�,� �t�h�e� �u�s�u�a�l� �l�e�v�e�l� �a�t� �w�h�i�c�h� �d�i�s�c�o�m�f�o�r�t� 

�b�e�c�o�m�e�s� �a�c�u�t�e�,� �t�h�e� �v�o�l�u�n�t�e�e�r�s� �b�e�g�a�n� �w�i�t�h�d�r�a�w�i�n�g� �f�r�o�m� �t�h�e� �t�e�s�t�.� �S�a�n�t�e�e� �a�n�d� �W�e�n�g�e�r� 
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�(�1�9�8�9�)� �s�e�t� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �l�i�m�i�t� �o�f� �t�h�e�i�r� �s�t�u�d�y� �a�t� �e�i�t�h�e�r� �a� �s�u�s�t�a�i�n�e�d� �h�e�a�r�t� �r�a�t�e� �o�f� �1�8�0� 

�b�e�a�t�s�/�m�i�n� �f�o�r� �f�i�v�e� �m�i�n�u�t�e�s� �o�r� �a� �r�e�c�t�a�l� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �3�9�.�5�°�C� �(�1�0�3�°�F�)�,� �i�n� �c�o�m�p�l�i�a�n�c�e� �w�i�t�h� 

�t�h�e� �U�.�S�.� �A�r�m�y� �R�e�s�e�a�r�c�h� �I�n�s�t�i�t�u�t�e� �f�o�r� �E�n�v�i�r�o�n�m�e�n�t�a�l� �M�e�d�i�c�i�n�e� �(�U�S�A�R�I�E�M�)� �T�y�p�e� 

�P�r�o�t�o�c�o�l�s� �f�o�r� �H�u�m�a�n� �R�e�s�e�a�r�c�h� �S�t�u�d�i�e�s� �o�f� �E�x�e�r�c�i�s�e� �a�n�d� �P�h�y�s�i�c�a�l� �T�r�a�i�n�i�n�g� �a�n�d� �H�u�m�a�n� 

�R�e�s�e�a�r�c�h� �S�t�u�d�i�e�s� �o�f� �T�h�e�r�m�a�l� �S�t�r�e�s�s�.� 

�P�h�y�s�i�o�l�o�g�i�c�a�l� �a�n�d� �P�e�r�c�e�p�t�u�a�l� �A�s�s�e�s�s�m�e�n�t� �o�f� �T�h�e�r�m�a�l� �C�o�m�f�o�r�t� �a�n�d� �H�e�a�t� �S�t�r�a�i�n� 

�T�h�e�r�m�a�l� �c�o�m�f�o�r�t� �a�n�d� �t�h�e�r�m�a�l� �s�t�r�a�i�n� �c�a�n� �b�e� �a�s�s�e�s�s�e�d� �b�y� �a� �v�a�r�i�e�t�y� �o�f� �m�e�t�h�o�d�s� 

�c�l�a�s�s�i�f�i�e�d� �a�s� �p�h�y�s�i�c�a�l�,� �b�i�o�l�o�g�i�c�a�l�,� �p�h�y�s�i�o�l�o�g�i�c�a�l�,� �a�n�d� �p�s�y�c�h�o�l�o�g�i�c�a�l�.� �M�u�c�h� �r�e�s�e�a�r�c�h� �h�a�s� 

�u�s�e�d� �p�h�y�s�i�o�l�o�g�i�c�a�l� �m�e�a�s�u�r�e�m�e�n�t� �a�n�d�/�o�r� �t�h�e� �p�s�y�c�h�o�l�o�g�i�c�a�l� �m�e�t�h�o�d� �t�o� �a�s�s�e�s�s� �t�h�e�r�m�a�l� 

�c�o�m�f�o�r�t� �a�n�d� �t�h�e�r�m�a�l� �s�t�r�a�i�n�.� �O�v�e�r� �t�h�e� �c�o�u�r�s�e� �o�f� �5�0� �y�e�a�r�s�,� �n�u�m�e�r�o�u�s� �s�t�u�d�i�e�s� �h�a�v�e� 

�i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�s�p�o�n�s�e�s� �a�n�d� �s�u�b�j�e�c�t�i�v�e� �p�e�r�c�e�p�t�i�o�n�s�,� 

�1�.�e�.�,� �t�h�e�r�m�a�l� �s�e�n�s�a�t�i�o�n�,� �o�f� �s�u�b�j�e�c�t�s� �b�e�i�n�g� �e�x�p�o�s�e�d� �t�o� �w�a�r�m� �a�n�d� �h�o�t� �e�n�v�i�r�o�n�m�e�n�t�s� 

�(�B�e�r�g�l�u�n�d� �&� �C�u�n�n�i�n�g�h�a�m�,� �1�9�8�6�)�.� �B�e�r�g�l�u�n�d� �a�n�d� �C�u�n�n�i�n�g�h�a�m� �l�i�s�t�e�d� �s�e�v�e�r�a�l� �r�e�g�r�e�s�s�i�o�n� 

�e�q�u�a�t�i�o�n�s� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�s�p�o�n�s�e�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �s�k�i�n� 

�w�e�t�t�e�d�n�e�s�s�,� �a�n�d� �s�u�b�j�e�c�t�i�v�e� �r�e�s�p�o�n�s�e�s� �u�n�d�e�r� �w�a�r�m� �a�n�d� �h�o�t� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �g�o�o�d� 

�r�e�l�a�t�i�o�n�s�h�i�p� �f�o�u�n�d� �a�n�d� �t�h�e� �p�o�t�e�n�t�i�a�l� �o�f� �p�h�y�s�i�o�l�o�g�i�c�a�l� �a�n�d� �s�u�b�j�e�c�t�i�v�e� �a�s�s�e�s�s�m�e�n�t� �a�r�e� 

�r�e�a�s�o�n�s� �t�o� �u�s�e� �b�o�t�h� �t�e�c�h�n�i�q�u�e�s� �i�n� �t�h�i�s� �s�t�u�d�y�.� 

�P�h�y�s�i�o�l�o�g�i�c�a�l� �A�s�s�e�s�s�m�e�n�t� 

�P�h�y�s�i�o�l�o�g�i�c�a�l� �a�s�s�e�s�s�m�e�n�t� �o�f� �t�h�e�r�m�a�l� �c�o�m�f�o�r�t� �a�n�d� �h�e�a�t� �s�t�r�a�i�n� �u�s�u�a�l�l�y� �i�n�v�o�l�v�e�s� �a� 
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�p�e�r�s�o�n� �e�x�e�r�c�i�s�i�n�g� �o�n� �a� �t�r�e�a�d�m�i�l�l� �o�r� �c�y�c�l�e� �e�r�g�o�m�e�t�e�r� �t�o� �p�r�o�v�i�d�e� �b�i�o�l�o�g�i�c�a�l� �i�n�d�i�c�a�t�o�r�s� �o�f� �t�h�e� 

�e�f�f�e�c�t� �o�f� �h�e�a�t� �l�o�a�d�.� �A�n�d�r�e�e�n�,� �G�i�b�s�o�n�,� �a�n�d� �W�e�t�m�o�r�e� �(�1�9�5�3�)� �b�e�l�i�e�v�e�d� �t�h�a�t� �t�h�e� �t�r�e�a�d�m�i�l�l� �i�s� 

�t�h�e� �m�o�r�e� �d�e�s�i�r�a�b�l�e� �m�a�c�h�i�n�e� �f�o�r� �c�o�m�f�o�r�t� �s�t�u�d�i�e�s� �b�e�c�a�u�s�e� �i�t� �o�f�f�e�r�s� �a� �c�u�s�t�o�m�a�r�y�,� �e�v�e�r�y�d�a�y� 

�f�o�r�m� �o�f� �e�x�e�r�c�i�s�e�.� �T�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �m�e�a�s�u�r�e�s� �t�h�a�t� �a�r�e� �w�i�d�e�l�y� �u�s�e�d� �t�o� �a�s�s�e�s�s� �h�e�a�t� �s�t�r�e�s�s� �a�r�e� 

�h�e�a�r�t� �r�a�t�e�,� �b�o�d�y� �c�o�r�e� �t�e�m�p�e�r�a�t�u�r�e�,� �m�e�a�n� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e�,� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�,� �a�n�d� �r�a�t�e� �o�f� 

�s�w�e�a�t�i�n�g�.� 

�H�e�a�r�t� �r�a�t�e� �c�a�n� �p�r�o�v�i�d�e� �a� �g�e�n�e�r�a�l� �i�n�d�e�x� �o�f� �b�o�d�y� �s�t�r�a�i�n� �b�e�c�a�u�s�e� �t�h�e�r�m�a�l� �s�t�r�e�s�s�,� 

�c�a�u�s�i�n�g� �t�h�e� �s�t�r�a�i�n�,� �c�a�n� �a�f�f�e�c�t� �t�h�e� �e�l�e�c�t�r�i�c�a�l� �a�c�t�i�v�i�t�y� �o�f� �t�h�e� �h�e�a�r�t�,� �a�s� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �a�n� 

�e�l�e�c�t�r�o�c�a�r�d�i�o�g�r�a�m� �(�E�C�G�)� �(�P�a�r�s�o�n�s�,� �1�9�9�3�)�.� �M�e�a�s�u�r�e�m�e�n�t� �o�f� �h�e�a�r�t� �r�a�t�e� �c�a�n� �b�e� �a�c�h�i�e�v�e�d� �b�y� 

�s�e�v�e�r�a�l� �m�e�a�n�s�,� �s�u�c�h� �a�s� �a� �s�t�e�t�h�o�s�c�o�p�e�,� �a�n� �e�l�e�c�t�r�o�c�a�r�d�i�o�g�r�a�m�,� �a�n�d� �a� �p�o�r�t�a�b�l�e� �p�u�l�s�e� �r�e�a�d�i�n�g� 

�d�e�v�i�c�e�.� 

�N�u�m�e�r�o�u�s� �m�e�t�h�o�d�s�,� �a�s� �w�e�l�l� �a�s� �a� �n�u�m�b�e�r� �o�f� �a�c�c�e�s�s�i�b�l�e� �p�l�a�c�e�s�,� �a�r�e� �a�v�a�i�l�a�b�l�e� �f�o�r� 

�m�e�a�s�u�r�i�n�g� �b�o�d�y� �(�o�r� �c�o�r�e�)� �t�e�m�p�e�r�a�t�u�r�e�.� �P�a�r�s�o�n�s� �n�o�t�e�d� �t�h�a�t� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �a�u�r�a�l� 

�t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �o�r�a�l� �t�e�m�p�e�r�a�t�u�r�e� �a�r�e� �w�i�d�e�l�y� �u�s�e�d� �m�e�t�h�o�d�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �i�n� �m�e�d�i�c�a�l� 

�a�p�p�l�i�c�a�t�i�o�n�s�.� �T�a�n�a�k�a� �e�t� �a�l�.� �(�1�9�7�8�)� �p�r�o�v�i�d�e�d� �e�q�u�a�t�i�o�n�s� �f�o�r� �c�o�m�p�u�t�i�n�g� �m�e�a�n� �b�o�d�y� 

�t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �r�e�c�t�a�l� �t�e�m�p�e�r�a�t�u�r�e�.� �M�a�r�t�i�n� �a�n�d� �G�o�l�d�m�a�n� �(�1�9�7�2�)� �a�l�s�o� �g�a�v�e� �a�n� �e�q�u�a�t�i�o�n� 

�f�o�r� �m�e�a�n� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e� �w�h�i�c�h� �d�i�f�f�e�r�e�d� �s�l�i�g�h�t�l�y� �f�r�o�m� �t�h�e� �o�n�e� �g�i�v�e�n� �b�y� �T�a�n�a�k�a� �e�t� �a�l�.� 

�H�o�u�d�a�s� �a�n�d� �R�i�n�g� �(�1�9�8�2�)� �l�i�s�t�e�d� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e�s� �m�e�a�s�u�r�e�d� �a�t� �d�i�f�f�e�r�e�n�t� �s�i�t�e�s� �c�o�m�p�a�r�e�d� �t�o� 

�r�e�c�t�a�l� �t�e�m�p�e�r�a�t�u�r�e�.� 

�S�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �c�a�n� �b�e� �m�e�a�s�u�r�e�d� �b�y� �p�l�a�c�i�n�g� �s�e�n�s�o�r�s� �o�n� �t�h�e� �s�k�i�n� �o�r� �b�y� �m�e�a�s�u�r�i�n�g� 

�t�h�e�r�m�a�l� �r�a�d�i�a�t�i�o�n�.� �H�o�u�d�a�s� �a�n�d� �R�i�n�g� �(�1�9�8�2�)� �s�t�a�t�e�d� �t�h�a�t� �t�h�e� �v�a�r�i�a�t�i�o�n� �o�f� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� 

�2�9



�d�u�e� �t�o� �a�m�b�i�e�n�t� �c�o�n�d�i�t�i�o�n�s� �d�i�f�f�e�r�s� �w�i�t�h� �t�h�e� �p�a�r�t�i�c�u�l�a�r� �s�k�i�n� �a�r�e�a�,� �e�v�e�n� �i�n� �t�h�e�r�m�a�l� �n�e�u�t�r�a�l�i�t�y� 

�(� �t�h�e� �s�t�a�t�e� �o�f� �a� �p�e�r�s�o�n� �a�t� �r�e�s�t� �a�n�d� �m�a�i�n�t�a�i�n�i�n�g� �t�h�e�r�m�a�l� �b�a�l�a�n�c�e� �w�i�t�h�o�u�t� �t�h�e�r�m�o�r�e�g�u�l�a�t�o�r�y� 

�m�e�c�h�a�n�i�s�m�s�)�.� �T�h�e� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �t�h�e� �e�x�t�r�e�m�i�t�i�e�s�,� �e�s�p�e�c�i�a�l�l�y� �t�h�e� �f�e�e�t�,� �v�a�r�i�e�s� �t�h�e� �m�o�s�t� 

�w�i�t�h� �a�m�b�i�e�n�t� �t�e�m�p�e�r�a�t�u�r�e�,� �t�h�a�t� �o�f� �t�h�e� �f�o�r�e�h�e�a�d� �a�n�d� �t�r�u�n�k� �v�a�r�i�e�s� �t�h�e� �l�e�a�s�t�,� �a�n�d� �t�h�a�t� �o�f� �t�h�e� 

�p�r�o�x�i�m�a�l� �l�i�m�b�s� �v�a�r�i�e�s� �t�o� �a�n� �i�n�t�e�r�m�e�d�i�a�t�e� �d�e�g�r�e�e� �(�s�e�e� �T�a�b�l�e� �1�)�.� �H�o�u�d�a�s� �a�n�d� �R�i�n�g� �a�l�s�o� 

�n�o�t�e�d� �t�h�a�t�,� �a�t� �a�n� �a�m�b�i�e�n�t� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �9�5�°�F�,� �t�h�e� �s�k�i�n�-�t�e�m�p�e�r�a�t�u�r�e� �d�i�f�f�e�r�e�n�c�e� �o�v�e�r� �t�h�e� 

�b�o�d�y� �i�s� �m�i�n�i�m�a�l�,� �a�n�d� �t�h�a�t� �t�h�e� �l�o�w�e�r� �t�h�e� �a�m�b�i�e�n�t� �t�e�m�p�e�r�a�t�u�r�e�,� �t�h�e� �g�r�e�a�t�e�r� �t�h�e� �r�a�n�g�e� �o�f� �t�h�e� 

�s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �o�v�e�r� �t�h�e� �b�o�d�y�.� �T�a�n�a�k�a� �e�t� �a�l�.� �(�1�9�7�8�)� �p�r�o�v�i�d�e�d� �a�n� �e�q�u�a�t�i�o�n� �f�o�r� �c�o�m�p�u�t�i�n�g� 

�m�e�a�n� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�.� �P�a�r�s�o�n�s� �f�o�u�n�d� �t�h�a�t�,� �f�o�r� �m�e�a�s�u�r�i�n�g� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �o�n� �t�h�e� 

�h�u�m�a�n� �b�o�d�y�,� �f�e�w�e�r� �p�o�i�n�t�s� �a�r�e� �n�e�e�d�e�d� �f�o�r� �a�s�s�e�s�s�m�e�n�t� �i�n� �t�h�e� �h�e�a�t� �a�n�d� �m�o�r�e� �s�i�t�e�s� �a�r�e� 

�r�e�q�u�i�r�e�d� �i�n� �t�h�e� �c�o�l�d�.� 

�T�h�e� �r�a�t�e� �o�f� �s�w�e�a�t�i�n�g� �c�a�n� �b�e� �a�s�s�e�s�s�e�d� �b�y� �m�e�a�s�u�r�i�n�g� �b�o�d�y� �m�a�s�s� �l�o�s�s� �i�n� �a� �g�i�v�e�n� �t�i�m�e� 

�(�P�a�r�s�o�n�s�,� �1�9�9�3�)�.� �T�h�e� �m�e�t�h�o�d� �i�s� �t�o� �w�e�i�g�h� �a� �s�u�b�j�e�c�t� �n�u�d�e� �b�e�f�o�r�e� �e�x�p�o�s�u�r�e� �(�N�j�)�,� �c�l�o�t�h�e�d� 

�b�e�f�o�r�e� �e�x�p�o�s�u�r�e� �(�C�,�)�,� �c�l�o�t�h�e�d� �a�f�t�e�r� �e�x�p�o�s�u�r�e� �(�C�,�)�,� �a�n�d� �n�u�d�e� �a�f�t�e�r� �e�x�p�o�s�u�r�e� �(�N�,�)�.� �T�h�e� 

�a�m�o�u�n�t� �o�f� �s�w�e�a�t� �t�r�a�p�p�e�d� �i�n� �c�l�o�t�h�i�n�g� �a�n�d� �o�f� �s�w�e�a�t� �e�v�a�p�o�r�a�t�e�d� �a�r�e� �d�e�t�e�r�m�i�n�e�d� �b�y�:� 

�S�w�e�a�t� �t�r�a�p�p�e�d� �i�n� �c�l�o�t�h�i�n�g� �=� �(�C�,� �-� �N�,�)�-� �(�C�y� �-� �N�g�)� 

�S�w�e�a�t� �e�v�a�p�o�r�a�t�e�d� �=� �(�N�,� �-� �N�g�)� �-� �[�C� �C�a� �-� �N�a�)�-� �C�C�,� �-� �N�g�)� �I�.� 

�P�h�i�l�l�i�p� �(�1�9�8�4�)� �d�e�v�e�l�o�p�e�d� �a� �s�w�e�a�t� �p�a�t�c�h� �t�h�a�t� �o�c�c�l�u�d�e�d� �t�h�e� �s�k�i�n� �s�o� �t�h�a�t�,� �d�u�r�i�n�g� �w�e�a�r�,� �a�l�l� 

�m�o�i�s�t�u�r�e� �o�n� �t�h�e� �s�k�i�n� �w�a�s� �c�o�l�l�e�c�t�e�d� �a�n�d� �r�e�t�a�i�n�e�d� �i�n� �c�o�n�t�a�c�t� �w�i�t�h� �s�k�i�n�.� �T�h�e� �p�a�t�c�h ��s� �f�i�r�s�t� 

�a�p�p�l�i�c�a�t�i�o�n� �w�a�s� �f�o�r� �d�i�a�g�n�o�s�t�i�c� �p�u�r�p�o�s�e�s� �t�o� �s�t�u�d�y� �a�l�c�o�h�o�l� �c�o�n�s�u�m�p�t�i�o�n�.� �B�u�r�n�s� �a�n�d� �B�u�s�e�l�t� 

�(�1�9�9�5�)� �d�e�s�c�r�i�b�e�d� �t�h�e� �f�a�i�l�i�n�g�s� �o�f� �t�h�e� �o�c�c�l�u�s�i�v�e� �s�w�e�a�t� �p�a�t�c�h� �a�s� �f�o�l�l�o�w�s�:� �(�a�)� �t�h�e� �p�a�t�c�h� 
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�3�1



�i�r�r�i�t�a�t�e�s� �t�h�e� �s�k�i�n� �a�f�t�e�r� �a� �d�a�y�,� �a�n�d� �(�b�)� �t�h�e�r�e� �a�r�e� �p�r�o�b�l�e�m�s� �o�f� �p�e�r�s�p�i�r�a�t�i�o�n� �l�e�a�k�a�g�e�.� �B�u�r�n�s� 

�a�n�d� �B�u�s�e�l�t� �a�l�s�o� �d�e�s�c�r�i�b�e�d� �a� �n�e�w�,� �n�o�n�o�c�c�l�u�s�i�v�e� �s�w�e�a�t� �p�a�t�c�h� �d�e�v�e�l�o�p�e�d� �f�r�o�m� �w�o�u�n�d� 

�d�r�e�s�s�i�n�g�s�.� �T�h�e� �n�o�n�o�c�c�l�u�s�i�v�e� �d�r�e�s�s�i�n�g�s�,� �c�o�n�s�t�r�u�c�t�e�d� �o�f� �v�e�r�y� �t�h�i�n� �p�o�l�y�u�r�e�t�h�a�n�e� �a�n�d� 

�a�c�r�y�l�a�t�e� �a�d�h�e�s�i�v�e�s�,� �a�l�l�o�w� �t�h�e� �m�o�i�s�t�u�r�e� �o�f� �p�e�r�s�p�i�r�a�t�i�o�n� �t�o� �e�v�a�p�o�r�a�t�e�;� �a� �m�e�d�i�c�a�l�-�g�r�a�d�e� 

�c�e�l�l�u�l�o�s�e� �b�l�o�t�t�e�r� �p�a�p�e�r� �l�o�c�a�t�e�d� �b�e�t�w�e�e�n� �t�h�e� �s�k�i�n� �a�n�d� �t�h�e� �d�r�e�s�s�i�n�g� �s�e�r�v�e�s� �a�s� �a� �s�w�e�a�t� 

�c�o�l�l�e�c�t�o�r�.� �T�h�e� �r�a�t�e� �o�f� �s�w�e�a�t�i�n�g� �c�a�n� �b�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �p�a�t�c�h ��s� �w�e�i�g�h�t� 

�b�e�f�o�r�e� �a�n�d� �a�f�t�e�r� �e�x�p�o�s�u�r�e�.� �T�h�i�s� �n�e�w� �s�w�e�a�t� �p�a�t�c�h� �i�s� �t�h�e� �s�e�l�e�c�t�e�d� �m�e�a�n�s� �o�f� �m�e�a�s�u�r�i�n�g� 

�s�w�e�a�t� �a�m�o�u�n�t� �i�n� �t�h�i�s� �s�t�u�d�y� �d�u�e� �t�o� �i�t�s� �e�a�s�e� �o�f� �a�p�p�l�i�c�a�t�i�o�n� �a�n�d� �s�u�i�t�a�b�i�l�i�t�y� �f�o�r� �s�m�a�l�l� �t�e�s�t� 

�s�i�t�e�s�,� �f�o�r� �e�x�a�m�p�l�e�,� �a�r�m�s�.� 

�A�s� �t�o� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�r� �s�e�n�s�i�t�i�v�i�t�y� �o�f� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� �m�e�a�s�u�r�e�s�,� �A�n�d�r�e�e�n� �e�t� �a�l�.� 

�(�1�9�5�3�)� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �a�v�e�r�a�g�e� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �i�s� �a� �s�e�n�s�i�t�i�v�e� �p�a�r�a�m�e�t�e�r� �c�a�p�a�b�l�e� �o�f� 

�d�i�s�t�i�n�g�u�i�s�h�i�n�g� �r�e�l�a�t�i�v�e�l�y� �s�m�a�l�l� �e�n�v�i�r�o�n�m�e�n�t�a�l�l�y�-�i�n�d�u�c�e�d� �c�h�a�n�g�e�s�,� �w�h�e�r�e�a�s� �h�e�a�r�t� �r�a�t�e� �i�s� �a� 

�l�e�s�s� �s�e�n�s�i�t�i�v�e� �c�r�i�t�e�r�i�o�n�.� �H�o�w�e�v�e�r�,� �G�a�g�g�e�,� �S�t�o�l�w�i�j�k� �a�n�d� �H�a�r�d�y� �(�1�9�6�7�)� �a�n�d� �W�i�n�s�l�o�w�,� 

�H�e�r�r�i�n�g�t�o�n� �a�n�d� �G�a�g�g�e� �(�1�9�3�7�)� �f�o�u�n�d� �t�h�a�t�,� �i�n� �w�a�r�m� �c�o�n�d�i�t�i�o�n�s�,� �t�h�e� �s�w�e�a�t�i�n�g� �r�e�s�p�o�n�s�e� �i�s� �a� 

�m�o�r�e� �i�m�p�o�r�t�a�n�t� �d�e�t�e�r�m�i�n�a�n�t� �o�f� �c�o�m�f�o�r�t� �t�h�a�n� �a�r�e� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �b�o�d�y� �c�o�r�e� 

�t�e�m�p�e�r�a�t�u�r�e�.� 

�P�e�r�c�e�p�t�u�a�l� �A�s�s�e�s�s�m�e�n�t� 

�M�a�n�y� �s�t�u�d�i�e�s� �o�n� �c�l�o�t�h�i�n�g� �c�o�m�f�o�r�t� �i�n� �t�h�e� �p�a�s�t� �t�h�r�e�e� �d�e�c�a�d�e�s� �h�a�v�e� �b�e�e�n� �c�o�n�d�u�c�t�e�d� 

�u�s�i�n�g� �s�u�b�j�e�c�t�i�v�e� �e�v�a�l�u�a�t�i�o�n� �o�r� �p�s�y�c�h�o�l�o�g�i�c�a�l� �a�s�s�e�s�s�m�e�n�t� �(�H�o�l�l�i�e�s�,� �C�u�s�t�e�r�,� �M�o�r�i�n�,� �&� 

�H�o�w�a�r�d�,� �1�9�7�9�)�,� �d�u�e� �t�o� �t�h�e� �r�e�s�e�a�r�c�h�e�r�s �� �b�e�l�i�e�f� �i�n� �m�a�n ��s� �p�e�r�c�e�p�t�u�a�l� �a�b�i�l�i�t�i�e�s� �w�h�i�c�h� �h�a�v�e� 

�3�2



�e�x�i�s�t�e�d� �f�o�r� �t�h�o�u�s�a�n�d�s� �o�f� �y�e�a�r�s� �(�H�o�l�l�i�e�s�,� �1�9�8�9�)�.� �P�o�n�t�r�e�l�l�i� �(�1�9�7�7�)� �p�r�o�p�o�s�e�d� �a� �c�l�o�t�h�i�n�g� 

�c�o�m�f�o�r�t� �m�o�d�e�l� �e�n�t�i�t�l�e�d�  ��C�o�m�f�o�r�t� �G�e�s�t�a�l�t ��.� �T�h�e� �r�e�s�e�a�r�c�h�e�r� �g�r�o�u�p�e�d� �m�a�j�o�r� �p�a�r�a�m�e�t�e�r�s� 

�c�a�u�s�i�n�g� �a� �p�e�r�s�o�n� �t�o� �f�e�e�l� �c�o�m�f�o�r�t� �o�r� �d�i�s�c�o�m�f�o�r�t� �i�n�t�o� �t�h�r�e�e� �c�a�t�e�g�o�r�i�e�s�:� �p�h�y�s�i�c�a�l� �s�t�i�m�u�l�i�,� 

�p�s�y�c�h�o�-�p�h�y�s�i�o�l�o�g�i�c�a�l� �s�t�i�m�u�l�i� �a�n�d� �a� �f�i�l�t�e�r� �(�o�r� �s�t�o�r�e�d� �m�o�d�i�f�i�e�r�s�)�.� �T�h�e� �p�h�y�s�i�c�a�l� �a�n�d� �p�s�y�c�h�o�-� 

�p�h�y�s�i�o�l�o�g�i�c�a�l� �s�t�i�m�u�l�i� �a�r�e� �f�e�a�t�u�r�e�d� �a�s� �f�i�l�t�e�r�i�n�g� �t�h�r�o�u�g�h� �a� �s�c�r�e�e�n� �o�f� �s�t�o�r�e�d� �m�o�d�i�f�i�e�r�s� �t�o� 

�r�e�s�u�l�t� �i�n� �a�n� �i�n�d�i�v�i�d�u�a�l ��s� �c�o�m�f�o�r�t� �j�u�d�g�m�e�n�t�.� �T�h�e� �p�h�y�s�i�c�a�l� �s�t�i�m�u�l�i� �i�n�v�o�l�v�e� �v�a�r�i�a�b�l�e�s� 

�s�p�e�c�i�f�i�c� �t�o� �e�n�v�i�r�o�n�m�e�n�t�,� �t�r�a�n�s�p�o�r�t� �p�r�o�p�e�r�t�i�e�s�,� �l�e�v�e�l� �o�f� �a�c�t�i�v�i�t�y� �a�n�d� �g�a�r�m�e�n�t�,� �w�h�e�r�e�a�s� �t�h�e� 

�p�s�y�c�h�o�-�p�h�y�s�i�o�l�o�g�i�c�a�l� �s�t�i�m�u�l�i� �i�n�c�l�u�d�e� �s�t�a�t�e� �o�f� �b�e�i�n�g�,� �e�n�d�-�u�s�e� �a�n�d� �o�c�c�a�s�i�o�n� �o�f� �w�e�a�r�,� �s�t�y�l�e�,� 

�f�i�t�,� �a�n�d� �t�a�c�t�i�l�e� �a�e�s�t�h�e�t�i�c�s�.� �T�h�e� �f�i�l�t�e�r� �c�o�n�s�i�s�t�s� �o�f� �p�a�s�t� �e�x�p�e�r�i�e�n�c�e�,� �p�r�e�j�u�d�i�c�e�s�,� �e�x�p�e�c�t�a�t�i�o�n�s�,� 

�i�m�a�g�e�r�y� �a�n�d� �l�i�f�e�s�t�y�l�e�.� 

�P�s�y�c�h�o�l�o�g�i�c�a�l� �s�c�a�l�i�n�g�,� �a�s� �a� �m�e�a�n�s� �o�f� �s�u�b�j�e�c�t�i�v�e� �a�s�s�e�s�s�m�e�n�t� �f�o�r� �a�n� �i�n�d�i�v�i�d�u�a�l� �t�o� 

�e�x�p�r�e�s�s� �h�i�s� �c�o�m�f�o�r�t� �o�r� �d�i�s�c�o�m�f�o�r�t�,� �h�a�s� �b�e�e�n� �d�o�c�u�m�e�n�t�e�d� �a�s� �t�h�e� �m�o�s�t� �u�n�i�v�e�r�s�a�l� �a�p�p�r�o�a�c�h� 

�i�n� �a�s�s�e�s�s�i�n�g� �c�l�o�t�h�i�n�g� �c�o�m�f�o�r�t� �(�B�r�a�n�s�o�n� �&� �S�w�e�e�n�e�y�,� �1�9�9�0�a�,� �1�9�9�0�b�;� �G�a�g�g�e� �e�t� �a�l�.�,� �1�9�6�7�;� 

�H�o�l�l�i�e�s�,� �1�9�7�1�)�.� �S�u�b�j�e�c�t�s� �u�s�u�a�l�l�y� �a�r�e� �p�r�o�v�i�d�e�d� �t�h�e� �s�c�a�l�e� �a�n�d� �a�s�k�e�d� �t�o� �m�a�r�k� �t�h�e� �p�l�a�c�e� 

�r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e�i�r� �s�e�n�s�a�t�i�o�n�.� �H�o�l�l�i�e�s� �(�1�9�7�7�)� �d�i�s�c�u�s�s�e�d� �t�h�e� �s�i�x� �e�l�e�m�e�n�t�s� �o�f� �p�s�y�c�h�o�l�o�g�i�c�a�l� 

�s�c�a�l�i�n�g� �t�o�g�e�t�h�e�r� �w�i�t�h� �t�h�e� �s�c�a�l�e� �t�y�p�e�s� �a�n�d� �d�a�t�a� �h�a�n�d�l�i�n�g� �t�e�c�h�n�i�q�u�e�s�.� �P�a�r�s�o�n�s� �(�1�9�9�3�)� 

�s�t�a�t�e�d� �t�h�a�t� �t�h�e� �s�u�b�j�e�c�t�i�v�e� �m�e�t�h�o�d�s� �a�l�l�o�w� �e�a�s�y� �c�o�l�l�e�c�t�i�o�n� �o�f� �i�n�v�a�l�u�a�b�l�e� �d�a�t�a� �o�n� 

�p�s�y�c�h�o�l�o�g�i�c�a�l� �r�e�s�p�o�n�s�e�s�,� �b�u�t� �t�h�a�t� �t�h�e�y� �s�h�o�u�l�d� �n�o�t� �b�e� �u�s�e�d� �a�s� �p�r�i�m�a�r�y� �m�e�a�s�u�r�e�s� �o�f� �h�e�a�t� �o�r� 

�c�o�l�d� �s�t�r�a�i�n� �o�n� �h�u�m�a�n�s�.� �T�h�e� �a�b�i�l�i�t�y� �o�f� �a� �p�e�r�s�o�n� �t�o� �m�a�k�e� �a� �r�a�t�i�o�n�a�l� �j�u�d�g�m�e�n�t� �m�a�y� �b�e� 

�i�m�p�a�i�r�e�d� �i�n� �s�e�v�e�r�e� �c�o�n�d�i�t�i�o�n�s�.� 
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�A� �n�u�m�b�e�r� �o�f� �s�u�b�j�e�c�t�i�v�e� �s�c�a�l�e�s� �h�a�v�e� �b�e�e�n� �u�s�e�d� �i�n� �t�h�e�r�m�a�l� �c�o�m�f�o�r�t� �a�s�s�e�s�s�m�e�n�t�.� 

�T�h�e� �m�o�s�t� �c�o�m�m�o�n� �o�f� �t�h�e�s�e� �s�c�a�l�e�s� �a�r�e� �t�h�e� �s�e�v�e�n�-�p�o�i�n�t� �s�c�a�l�e�s� �o�f� �B�e�d�f�o�r�d� �a�n�d� �A�S�H�R�A�E� 

�(�P�a�r�s�o�n�s�,� �1�9�9�3�)�.� �T�h�e� �M�c�G�i�n�n�i�s� �T�h�e�r�m�a�l� �S�c�a�l�e� �i�s� �a�n�o�t�h�e�r� �w�i�d�e�l�y� �u�s�e�d� �s�c�a�l�e� �i�n� �t�h�e�r�m�a�l� 

�c�o�m�f�o�r�t� �s�t�u�d�i�e�s�.� �H�o�l�l�i�e�s� �(�1�9�7�1�)� �s�t�a�t�e�d� �t�h�a�t�,� �i�n� �h�i�s� �e�x�p�e�r�i�e�n�c�e�,� �t�h�e� �M�c�G�i�n�n�i�s� �s�c�a�l�e� �h�a�d� 

�p�r�o�v�e�d� �e�f�f�e�c�t�i�v�e� �f�o�r� �b�o�t�h� �a�s�s�e�s�s�i�n�g� �t�h�e�r�m�a�l� �s�t�r�e�s�s� �a�n�d� �c�h�e�c�k�i�n�g� �s�u�b�j�e�c�t� �s�a�f�e�t�y� �i�n� �s�e�v�e�r�e� 

�c�l�i�m�a�t�e�s�.� �B�r�a�n�s�o�n� �e�t� �a�l�.� �(�1�9�8�6�)� �a�s�s�e�s�s�e�d� �t�h�e� �h�u�m�a�n� �p�e�r�c�e�p�t�i�o�n� �o�f� �t�h�e�r�m�a�l� �s�e�n�s�a�t�i�o�n� �a�n�d� 

�t�h�e�r�m�a�l� �c�o�m�f�o�r�t� �b�y� �n�i�n�e�-�p�o�i�n�t� �r�a�t�i�n�g� �s�c�a�l�e�s�,� �t�o�g�e�t�h�e�r� �w�i�t�h� �s�e�m�a�n�t�i�c� �d�i�f�f�e�r�e�n�t�i�a�l� �s�c�a�l�e�s� 

�c�o�n�s�i�s�t�i�n�g� �o�f� �a� �s�e�r�i�e�s� �o�f� �b�i�-�p�o�l�a�r� �a�d�j�e�c�t�i�v�e�s�.� �T�h�e� �r�e�s�u�l�t�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �p�e�r�c�e�p�t�u�a�l� 

�m�e�a�s�u�r�e�m�e�n�t� �c�o�r�r�e�s�p�o�n�d�e�d� �t�o� �t�h�o�s�e� �t�a�k�e�n� �f�r�o�m� �p�h�y�s�i�o�l�o�g�i�c�a�l� �m�e�a�s�u�r�e�m�e�n�t�,� �w�h�i�c�h� 

�c�o�n�f�i�r�m�s� �t�h�e� �r�e�l�i�a�b�i�l�i�t�y� �o�f� �h�u�m�a�n� �p�e�r�c�e�p�t�i�o�n� �i�n� �c�o�m�f�o�r�t� �a�s�s�e�s�s�m�e�n�t�.� �M�o�r�r�i�s�,� �P�r�a�t�o�,� 

�C�h�a�d�w�i�c�k�,� �a�n�d� �B�e�r�n�a�u�e�r� �(�1�9�8�5�)� �u�s�e�d� �s�u�b�j�e�c�t�i�v�e� �e�v�a�l�u�a�t�i�o�n� �s�c�a�l�e�s� �t�o� �s�t�u�d�y� �t�h�e� 

�r�e�l�a�t�i�o�n�s�h�i�p� �o�f� �m�o�i�s�t�u�r�e� �t�r�a�n�s�p�o�r�t� �p�r�o�p�e�r�t�i�e�s� �o�f� �w�a�r�m�u�p�-�s�u�i�t� �f�a�b�r�i�c�s� �t�o� �c�o�m�f�o�r�t� �e�v�a�l�u�a�t�e�d� 

�b�y� �s�u�b�j�e�c�t�i�v�e� �s�c�a�l�e�s�.� �T�h�e� �s�c�a�l�e�s� �u�s�e�d� �i�n� �t�h�a�t� �s�t�u�d�y� �i�n�c�l�u�d�e�d� �w�e�t�n�e�s�s� �s�e�n�s�a�t�i�o�n� �s�c�a�l�e�,� 

�t�h�e�r�m�a�l� �s�e�n�s�a�t�i�o�n� �s�c�a�l�e�,� �a�n�d� �c�o�m�f�o�r�t� �s�e�n�s�a�t�i�o�n� �s�c�a�l�e�.� �U�n�d�e�r� �h�e�a�t� �s�t�r�e�s�s� �o�r� �p�h�y�s�i�c�a�l� 

�e�x�e�r�t�i�o�n�,� �w�h�e�n� �e�x�c�e�s�s� �s�w�e�a�t� �e�x�i�s�t�s�,� �t�h�e� �m�o�i�s�t�u�r�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �a�n� �i�n�n�e�r� �l�a�y�e�r� �b�e�c�o�m�e� 

�i�m�p�o�r�t�a�n�t� �t�o� �t�h�e�r�m�a�l� �a�n�d� �o�v�e�r�a�l�l� �c�o�m�f�o�r�t�.� �A�m�o�n�g� �t�h�e� �s�c�a�l�e�s� �m�e�n�t�i�o�n�e�d� �h�e�r�e�,� �t�h�o�s�e� 

�d�e�v�e�l�o�p�e�d� �b�y� �M�o�r�r�i�s� �e�t� �a�l�.� �w�e�r�e� �s�e�l�e�c�t�e�d� �i�n� �t�h�e� �c�u�r�r�e�n�t� �s�t�u�d�y� �b�e�c�a�u�s�e� �t�h�e�y� �i�n�c�l�u�d�e� �t�h�e� 

�w�e�t�n�e�s�s� �s�e�n�s�a�t�i�o�n� �s�c�a�l�e�,� �w�h�i�c�h� �c�a�n� �i�n�d�i�c�a�t�e� �(�a�)� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �m�o�i�s�t�u�r�e� �f�l�o�w�,� �b�e�t�w�e�e�n� 

�a�n�d� �w�i�t�h�i�n� �c�l�o�t�h�i�n�g�,� �o�n� �t�h�e�r�m�a�l� �c�o�m�f�o�r�t�,� �a�n�d� �(�b�)� �t�h�e� �c�l�o�t�h�i�n�g� �l�a�y�e�r�i�n�g� �e�f�f�e�c�t�,� �w�h�e�r�e�a�s� 

�o�t�h�e�r� �s�c�a�l�e�s� �c�a�n� �a�s�s�e�s�s� �t�h�e�r�m�a�l� �c�o�m�f�o�r�t� �o�n�l�y� �b�r�o�a�d�l�y�.� �T�h�e� �o�t�h�e�r� �r�e�a�s�o�n� �f�o�r� �s�e�l�e�c�t�i�n�g� �t�h�e�s�e� 
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�s�c�a�l�e�s� �i�s� �t�o� �b�e� �a�b�l�e� �t�o� �c�o�m�p�a�r�e� �t�h�e� �r�e�s�u�l�t�s� �w�i�t�h� �t�h�e� �f�i�n�d�i�n�g�s� �o�f� �f�o�r�m�e�r� �r�e�s�e�a�r�c�h� �w�h�i�c�h� �u�s�e�d� 

�t�h�e� �s�a�m�e� �s�c�a�l�e�s�.� 

�E�x�e�r�c�i�s�e� �P�r�o�t�o�c�o�l�s� �i�n� �C�h�e�m�i�c�a�l� �P�r�o�t�e�c�t�i�v�e� �C�l�o�t�h�i�n�g� �S�t�u�d�i�e�s� 

�T�h�e� �m�a�j�o�r�i�t�y� �o�f� �s�t�u�d�i�e�s� �o�n� �t�h�e�r�m�a�l� �c�o�m�f�o�r�t�,� �u�s�i�n�g� �e�i�t�h�e�r� �p�h�y�s�i�o�l�o�g�i�c�a�l� �o�r� 

�p�s�y�c�h�o�l�o�g�i�c�a�l� �a�s�s�e�s�s�m�e�n�t�,� �h�a�d� �u�s�e�d� �t�h�e� �h�u�m�a�n� �r�e�s�t�i�n�g� �s�t�a�t�e� �a�s� �t�h�e� �s�t�a�n�d�a�r�d� �c�o�n�d�i�t�i�o�n�,� 

�u�n�t�i�l� �A�s�m�u�s�s�e�n� �(�1�9�6�7�)� �d�e�s�c�r�i�b�e�d� �t�h�e� �e�x�e�r�c�i�s�e� �s�t�a�t�e� �a�s� �a� �s�e�c�o�n�d� �e�x�p�e�r�i�m�e�n�t�a�l� �s�t�a�n�d�a�r�d� 

�(�G�a�g�g�e�,� �S�t�o�l�w�i�j�k�,� �&� �S�a�l�t�i�n�,� �1�9�6�9�)�.� �T�o� �d�a�t�e�,� �m�a�n�y� �s�t�u�d�i�e�s� �t�o� �a�s�s�e�s�s� �c�o�m�f�o�r�t� �i�n� �c�h�e�m�i�c�a�l� 

�p�r�o�t�e�c�t�i�v�e� �c�l�o�t�h�i�n�g� �h�a�v�e� �u�s�e�d� �e�x�e�r�c�i�s�e� �t�o� �s�i�m�u�l�a�t�e� �a�c�t�u�a�l� �w�o�r�k� �i�n� �t�h�e� �f�i�e�l�d�.� �F�o�r� �e�x�a�m�p�l�e�,� 

�M�a�r�t�i�n� �a�n�d� �G�o�l�d�m�a�n� �(�1�9�7�2�)�,� �S�a�n�t�e�e� �a�n�d� �W�e�n�g�e�r� �(�1�9�8�9�)�,� �a�n�d� �T�a�n�a�k�a�,� �B�r�i�s�s�o�n� �a�n�d� �V�o�l�l�e� 

�(�1�9�7�8�)� �h�a�d� �s�u�b�j�e�c�t�s� �e�x�e�r�c�i�s�e� �o�n� �a� �t�r�e�a�d�m�i�l�l�.� �A�n�d�r�e�e�n�,� �G�i�b�s�o�n� �a�n�d� �W�e�t�m�o�r�e� �(�1�9�5�3�)� �u�s�e�d� 

�b�o�t�h� �a� �t�r�e�a�d�m�i�l�l� �a�n�d� �a� �c�y�c�l�e� �e�r�g�o�m�e�t�e�r� �i�n� �t�h�e�i�r� �s�t�u�d�y�.� �G�a�g�g�e� �e�t� �a�l�.� �(�1�9�6�9�)� �i�n�c�o�r�p�o�r�a�t�e�d� �a� 

�c�y�c�l�e� �e�r�g�o�m�e�t�e�r� �i�n� �t�h�e� �e�x�p�e�r�i�m�e�n�t�.� �I�n� �B�r�a�n�s�o�n�,� �D�e�J�o�n�g�e� �a�n�d� �M�u�n�s�o�n ��s� �(�1�9�8�6�)� �s�t�u�d�y�,� �a� 

�s�t�e�p� �e�x�e�r�c�i�s�e� �w�a�s� �s�e�l�e�c�t�e�d�.� 

�D�i�f�f�e�r�e�n�t� �w�o�r�k� �l�o�a�d�s� �a�n�d� �w�o�r�k� �r�a�t�e�s� �h�a�v�e� �b�e�e�n� �u�s�e�d� �i�n� �t�h�e� �s�t�u�d�i�e�s� �c�i�t�e�d� �a�b�o�v�e�.� 

�W�o�r�k� �l�o�a�d� �i�s� �t�h�e� �a�m�o�u�n�t� �o�f� �w�o�r�k� �a�c�c�o�m�p�l�i�s�h�e�d�,� �w�h�e�r�e�a�s� �w�o�r�k� �r�a�t�e� �i�s� �w�o�r�k� �p�e�r�f�o�r�m�e�d� �p�e�r� 

�u�n�i�t� �t�i�m�e� �(�P�o�w�e�r�s� �&� �H�o�w�l�e�y�,� �1�9�9�4�)�.� �F�o�r� �e�x�a�m�p�l�e�,� �K�e�i�g�h�l�e�y� �(�1�9�8�5�)� �n�o�t�e�d� �t�h�a�t� �t�h�e� �w�o�r�k� 

�r�a�t�e�s� �o�f� �s�l�e�e�p�i�n�g�,� �s�i�t�t�i�n�g�,� �g�e�n�t�l�e� �w�a�l�k�i�n�g�,� �a�n�d� �a�c�t�i�v�e� �w�a�l�k�i�n�g� �a�r�e� �6�0�,� �1�0�0�,� �2�0�0�,� �a�n�d� �3�0�0� 

�w�a�t�t�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �B�r�a�n�s�o�n� �e�t� �a�l�.�(�1�9�8�6�)� �u�s�e�d� �a� �t�h�r�e�e� �m�e�t� �w�o�r�k� �r�a�t�e� �t�o� �s�i�m�u�l�a�t�e� �t�h�e� 

�a�m�o�u�n�t� �o�f� �h�u�m�a�n� �w�o�r�k� �p�e�r�f�o�r�m�e�d� �i�n� �a�p�p�l�y�i�n�g� �p�e�s�t�i�c�i�d�e�s� �b�y� �t�r�a�c�t�o�r� �a�n�d� �a�i�r�-�b�l�a�s�t� �s�p�r�a�y�e�r�.� 

�M�e�t� �i�s� �d�e�f�i�n�e�d� �a�s� �a� �m�e�t�a�b�o�l�i�c� �e�q�u�i�v�a�l�e�n�t� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3�.�5� �m�l �� �k�g�!� �m�i�n� �(�P�o�w�e�r�s� �&� 
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�H�o�w�l�e�y�,� �1�9�9�4�)�.� �T�a�n�a�k�a� �e�t� �a�l�.� �(�1�9�7�8�)� �s�e�t� �t�h�e� �t�r�e�a�d�m�i�l�l� �a�t� �f�i�v�e� �k�i�l�o�p�o�u�n�d�s� �p�e�r� �h�o�u�r� �t�o� 

�s�i�m�u�l�a�t�e� �t�h�e� �w�o�r�k� �a�m�o�u�n�t� �o�f� �p�e�s�t�i�c�i�d�e� �h�a�n�d�l�e�r�s� �i�n� �a� �f�i�e�l�d�.� 

�P�s�y�c�h�o�l�o�g�i�c�a�l� �a�n�d� �P�h�y�s�i�o�l�o�g�i�c�a�l� �R�e�s�p�o�n�s�e�s� �d�u�r�i�n�g� �E�x�e�r�c�i�s�e� 

�G�a�g�g�e� �e�t� �a�l�.� �(�1�9�6�9�)� �o�b�s�e�r�v�e�d� �b�o�t�h� �p�s�y�c�h�o�l�o�g�i�c�a�l� �a�n�d� �p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�s�p�o�n�s�e�s� �o�f� 

�s�u�b�j�e�c�t�s� �d�u�r�i�n�g� �s�t�e�a�d�y�-�s�t�a�t�e� �e�x�e�r�c�i�s�e� �a�t� �a� �r�a�n�g�e� �o�f� �w�o�r�k� �r�a�t�e�s� �a�n�d� �a�m�b�i�e�n�t� �t�e�m�p�e�r�a�t�u�r�e�s�.� 

�A�l�o�n�g� �w�i�t�h� �m�e�a�s�u�r�i�n�g� �p�h�y�s�i�o�l�o�g�i�c�a�l� �c�h�a�n�g�e�s�,� �G�a�g�g�e� �e�t� �a�l�.� �h�a�d� �s�u�b�j�e�c�t�s� �i�n�d�i�c�a�t�e� �t�h�e�i�r� 

�t�h�e�r�m�a�l� �s�e�n�s�a�t�i�o�n� �a�n�d� �t�h�e�i�r� �w�a�r�m� �d�i�s�c�o�m�f�o�r�t�.� �E�a�c�h� �o�f� �t�h�e� �s�u�b�j�e�c�t�s�,� �w�e�a�r�i�n�g� �s�h�o�r�t�s� �a�n�d� �a� 

�T�-�s�h�i�r�t�,� �p�e�d�a�l�e�d� �5�0� �r�e�v�o�l�u�t�i�o�n�s� �p�e�r� �m�i�n�u�t�e� �(�r�p�m�)� �o�n� �a� �b�i�c�y�c�l�e� �e�r�g�o�m�e�t�e�r� �a�t� �w�o�r�k� �r�a�t�e�s� �o�f� 

�2�5�%�,� �5�0�%� �a�n�d� �7�5�%� �m�a�x�i�m�a�l� �o�x�y�g�e�n� �u�p�t�a�k�e�,� �w�h�i�l�e� �i�n� �a�m�b�i�e�n�t� �c�o�n�d�i�t�i�o�n�s� �o�f� �4�0�%� �R�H�,� 

�a�n�d� �1�0�°�C�,� �2�0�°�C� �a�n�d� �3�0�°�C�.� �T�h�e� �e�x�e�r�c�i�s�e� �p�e�r�i�o�d� �a�t� �e�a�c�h� �w�o�r�k� �r�a�t�e� �i�n� �e�a�c�h� �a�m�b�i�e�n�t� 

�c�o�n�d�i�t�i�o�n� �w�a�s� �a�b�o�u�t� �2�0� �m�i�n�u�t�e�s�.� �A�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �r�e�s�u�l�t�s� �f�o�r� �t�h�i�s� �s�t�e�a�d�y�-� �s�t�a�t�e� �e�x�e�r�c�i�s�e�,� 

�t�h�e�r�m�a�l� �s�e�n�s�a�t�i�o�n� �c�o�r�r�e�l�a�t�e�d� �b�e�s�t� �w�i�t�h� �e�i�t�h�e�r� �t�h�e� �s�k�i�n� �o�r� �a�m�b�i�e�n�t�-�a�i�r� �t�e�m�p�e�r�a�t�u�r�e�,� �a�n�d� 

�c�o�r�r�e�l�a�t�e�d� �p�o�o�r�l�y� �w�i�t�h� �s�w�e�a�t�i�n�g�.� �O�n� �t�h�e� �c�o�n�t�r�a�r�y�,� �w�a�r�m� �d�i�s�c�o�m�f�o�r�t� �w�a�s� �g�o�v�e�r�n�e�d� �b�y� �s�k�i�n� 

�s�w�e�a�t�i�n�g�.� �R�e�c�t�a�l� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �t�h�e� �w�o�r�k� �r�a�t�e� �a�n�d� �w�a�s� �d�e�p�e�n�d�e�n�t� �o�n� 

�a�m�b�i�e�n�t� �t�e�m�p�e�r�a�t�u�r�e�.� �S�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �a�p�p�e�a�r�e�d� �t�o� �d�e�p�e�n�d� �o�n� �t�h�e� �a�m�b�i�e�n�t� �t�e�m�p�e�r�a�t�u�r�e� 

�a�n�d� �n�o�t� �o�n� �w�o�r�k� �r�a�t�e�.� �H�e�a�r�t� �r�a�t�e� �v�a�r�i�e�d� �p�r�i�m�a�r�i�l�y� �w�i�t�h� �w�o�r�k� �r�a�t�e�,� �b�u�t�,� �a�t� �a�n�y� �g�i�v�e�n� �w�o�r�k� 

�r�a�t�e�,� �h�e�a�r�t� �r�a�t�e� �d�r�o�p�p�e�d� �s�l�i�g�h�t�l�y� �a�t� �t�h�e� �c�o�l�d�e�r� �a�m�b�i�e�n�t� �t�e�m�p�e�r�a�t�u�r�e�s�.� �S�w�e�a�t�i�n�g� �i�n�c�r�e�a�s�e�d� 

�w�i�t�h� �s�k�i�n� �c�o�n�d�u�c�t�i�o�n� �(�a� �f�a�c�t�o�r� �w�h�i�c�h� �c�a�n� �b�e� �a�l�s�o� �i�n�t�e�r�p�r�e�t�e�d� �a�s� �a� �m�e�a�s�u�r�e� �o�f� �s�k�i�n� �b�l�o�o�d� 

�f�l�o�w�.�)� 
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�A�s�s�e�s�s�m�e�n�t� �o�f� �C�l�o�t�h�i�n�g� �C�o�m�f�o�r�t� �b�y� �U�s�i�n�g� �G�a�r�m�e�n�t� �P�a�r�t�s� 

�M�o�s�t� �r�e�s�e�a�r�c�h� �i�n� �t�h�e�r�m�a�l� �c�o�m�f�o�r�t� �h�a�s� �b�e�e�n� �c�o�n�d�u�c�t�e�d� �u�s�i�n�g� �f�u�l�l� �g�a�r�m�e�n�t�s�,� 

�e�s�p�e�c�i�a�l�l�y� �w�h�e�n� �p�h�y�s�i�o�l�o�g�i�c�a�l� �m�e�a�s�u�r�e�m�e�n�t� �h�a�s� �b�e�e�n� �t�h�e� �p�r�i�m�a�r�y� �m�e�a�n�s� �o�f� �a�s�s�e�s�s�m�e�n�t�.� 

�H�o�w�e�v�e�r�,� �s�o�m�e� �s�t�u�d�i�e�s� �i�n� �s�k�i�n� �s�e�n�s�a�t�i�o�n� �r�e�l�a�t�e�d� �t�o� �c�l�o�t�h�i�n�g� �c�o�m�f�o�r�t� �h�a�v�e� �u�s�e�d� �g�a�r�m�e�n�t� 

�p�a�r�t�s� �i�n�s�t�e�a�d� �o�f� �t�h�e� �w�h�o�l�e� �g�a�r�m�e�n�t�s�.� �I�n� �m�o�s�t� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h�,� �f�o�r�e�a�r�m�s� �o�r� �u�p�p�e�r� �a�r�m�s� 

�h�a�v�e� �b�e�e�n� �c�h�o�s�e�n� �a�s� �t�h�e� �t�e�s�t� �s�i�t�e�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �W�e�s�t�e�r�,� �H�a�t�c�h�,� �a�n�d� �M�a�t�b�a�c�h� �(�1�9�8�5�)� 

�i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �t�h�e� �i�n�s�u�l�a�t�i�v�e� �n�a�t�u�r�e� �o�f� �c�e�r�t�a�i�n� �f�a�b�r�i�c�s� �o�n� �t�h�e� �a�l�t�e�r�a�t�i�o�n� �o�f� 

�h�u�m�a�n� �c�a�p�i�l�l�a�r�y� �b�l�o�o�d� �f�l�o�w� �b�y� �u�s�i�n�g� �p�i�e�c�e�s� �o�f� �f�a�b�r�i�c�s� �p�l�a�c�e�d� �o�n� �t�h�e� �u�p�p�e�r� �a�r�m�s� �o�f� 

�s�u�b�j�e�c�t�s�,� �r�a�t�h�e�r� �t�h�a�n� �w�h�o�l�e� �g�a�r�m�e�n�t�s�.� �Z�i�m�m�e�r�e�r� �e�t� �a�l�.� �(�1�9�8�6�)� �s�t�u�d�i�e�d� �s�k�i�n� �w�e�t�n�e�s�s� �d�u�e� �t�o� 

�w�e�a�r�i�n�g� �w�e�t� �v�s�.� �d�r�y� �d�i�s�p�o�s�a�b�l�e� �o�r� �c�l�o�t�h� �d�i�a�p�e�r�s� �b�y� �h�a�v�i�n�g� �s�u�b�j�e�c�t�s� �w�e�a�r� �s�a�m�p�l�e�s� �o�n� �t�h�e�i�r� 

�f�o�r�e�a�r�m�s�.� �T�h�e� �r�e�s�e�a�r�c�h�e�r�s� �v�a�l�i�d�a�t�e�d� �t�h�a�t� �t�h�e� �a�d�u�l�t� �v�o�l�a�r� �f�o�r�e�a�r�m� �s�k�i�n� �w�a�s� �a� �r�e�l�i�a�b�l�e� �t�e�s�t� 

�s�i�t�e� �o�n� �a�d�u�l�t� �s�u�b�j�e�c�t�s�.� �U�s�i�n�g� �t�h�e� �Z�i�m�m�e�r�e�r� �e�t� �a�l�.� �m�o�d�e�l�,� �W�i�l�s�o�n� �a�n�d� �D�a�l�l�a�s� �(�1�9�9�0�)� �p�l�a�c�e�d� 

�t�w�o�-�i�n�c�h�-�s�q�u�a�r�e� �w�e�t� �d�i�a�p�e�r� �p�a�t�c�h�e�s� �o�n� �t�h�e� �f�o�r�e�a�r�m�s� �o�f� �a�d�u�l�t� �s�u�b�j�e�c�t�s� �t�o� �e�x�a�m�i�n�e� �t�h�e� 

�r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �d�i�a�p�e�r� �w�e�t�n�e�s�s� �a�n�d� �t�h�e� �a�b�i�l�i�t�y� �o�f� �d�i�a�p�e�r�s� �t�o� �k�e�e�p� �t�h�e� �s�k�i�n� �d�r�y�.� 

�H�a�t�c�h�,� �W�i�l�s�o�n�,� �a�n�d� �M�a�i�b�a�c�h� �(�1�9�8�7�)� �s�t�u�d�i�e�d� �t�h�e� �a�l�t�e�r�a�t�i�o�n� �o�f� �t�h�e� �w�e�t�n�e�s�s� �s�t�a�t�e� �o�f� �t�h�e� �s�k�i�n� 

�d�u�e� �t�o� �t�h�e� �w�e�a�r�i�n�g� �o�f� �a�p�p�a�r�e�l� �f�a�b�r�i�c�s� �b�y� �s�e�d�e�n�t�a�r�y� �a�n�d� �e�x�e�r�c�i�s�i�n�g� �s�u�b�j�e�c�t�s�;� �t�h�e� �r�e�s�e�a�r�c�h� 

�t�e�a�m� �p�l�a�c�e�d� �p�a�t�c�h�e�s� �o�f� �t�r�i�a�c�e�t�a�t�e� �a�n�d� �p�o�l�y�e�s�t�e�r� �w�o�v�e�n� �d�r�e�s�s�-�w�e�i�g�h�t� �f�a�b�r�i�c�s� �o�n� �t�h�e� 

�s�u�b�j�e�c�t�s �� �f�o�r�e�a�r�m�s�.� 

�I�n� �1�9�9�0�,� �H�y�u�n� �e�t� �a�l�.� �(�1�9�9�0�)� �s�t�u�d�i�e�d� �s�k�i�n� �s�e�n�s�a�t�i�o�n� �p�e�r�c�e�i�v�e�d� �w�h�e�n� �w�e�a�r�i�n�g� 

�c�l�o�t�h�i�n�g� �b�y� �i�n�c�o�r�p�o�r�a�t�i�n�g� �t�h�e� �u�s�e� �o�f� �t�h�e�  ��H�u�m�a�n� �P�e�r�c�e�p�t�i�o�n� �A�n�a�l�y�s�i�s� �(�H�P�A�) �� �t�e�c�h�n�i�q�u�e� 

�o�f� �H�o�l�l�i�e�s� �(�1�9�7�1�)� �i�n� �a�  ��S�l�e�e�v�e�s� �P�r�o�g�r�a�m ��.� �T�h�e� �r�e�s�e�a�r�c�h�e�r�s� �f�i�r�s�t� �d�e�v�e�l�o�p�e�d� �a� �n�e�w�l�y� 
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�e�x�p�a�n�d�e�d� �s�e�t� �o�f� �p�e�r�c�e�p�t�i�o�n� �t�e�r�m�s�,� �w�h�i�c�h� �w�a�s� �e�l�i�c�i�t�e�d� �f�r�o�m� �s�u�b�j�e�c�t�s� �w�e�a�r�i�n�g� �o�n�l�y� �p�o�r�t�i�o�n�s� 

�o�f� �f�i�t�t�e�d� �s�l�e�e�v�e�s�,� �a�n�d� �t�h�e�n� �t�h�e�y� �a�p�p�l�i�e�d� �t�h�e� �r�a�t�i�n�g� �s�y�s�t�e�m� �i�n� �a� �p�i�l�o�t� �s�t�u�d�y� �w�h�e�r�e� �t�h�e� �f�u�l�l� 

�g�a�r�m�e�n�t�s� �w�e�r�e� �w�o�r�n�.� �T�h�e� �r�e�s�p�o�n�s�e�s� �o�f� �s�u�b�j�e�c�t�s� �f�r�o�m� �t�h�e� �s�l�e�e�v�e�s� �p�r�o�g�r�a�m� �c�o�r�r�e�s�p�o�n�d�e�d� 

�t�o� �t�h�o�s�e� �f�r�o�m� �t�h�e� �f�u�l�l�-�g�a�r�m�e�n�t� �p�i�l�o�t� �s�t�u�d�y�.� �T�h�a�t� �i�s�,� �t�h�e� �S�l�e�e�v�e�s� �P�r�o�g�r�a�m� �p�r�o�v�e�d� �u�s�e�f�u�l� �n�o�t� 

�o�n�l�y� �a�s� �a� �s�c�r�e�e�n�i�n�g� �t�e�s�t�,� �b�u�t� �a�l�s�o� �a�s� �a�n� �a�l�t�e�r�n�a�t�i�v�e� �t�o� �f�u�l�l� �g�a�r�m�e�n�t� �w�e�a�r� �t�e�s�t�i�n�g�.� 

�T�h�e� �s�u�c�c�e�s�s� �i�n� �u�s�i�n�g� �g�a�r�m�e�n�t� �p�a�r�t�s� �i�n� �e�a�r�l�i�e�r� �r�e�s�e�a�r�c�h� �s�u�g�g�e�s�t�s� �t�h�e� �i�d�e�a� �o�f� �u�s�i�n�g� 

�s�l�e�e�v�e�s� �t�o� �a�s�s�e�s�s� �t�h�e�r�m�a�l� �c�o�m�f�o�r�t� �a�n�d� �h�e�a�t� �s�t�r�a�i�n� �i�n� �t�h�e� �p�r�e�s�e�n�t� �r�e�s�e�a�r�c�h�.� 

�S�u�m�m�a�r�y� �o�f� �L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� 

�P�e�s�t�i�c�i�d�e� �h�a�n�d�l�e�r�s� �r�e�q�u�i�r�e�d� �t�o� �w�e�a�r� �p�r�o�t�e�c�t�i�v�e� �g�a�r�m�e�n�t�s� �h�a�v�e� �f�a�c�e�d� �t�h�e�r�m�a�l� 

�d�i�s�c�o�m�f�o�r�t� �a�n�d� �r�i�s�k�s� �o�f� �t�h�e�r�m�a�l� �s�t�r�e�s�s� �d�u�e� �t�o� �h�o�t� �w�o�r�k�i�n�g� �c�o�n�d�i�t�i�o�n�s� �a�n�d� �t�h�e� �p�o�o�r� �h�e�a�t� 

�a�n�d� �m�o�i�s�t�u�r�e� �d�i�s�s�i�p�a�t�i�o�n� �o�f� �t�h�e� �g�a�r�m�e�n�t�s�.� �K�e�r�s�l�a�k�e� �(�1�9�7�2�)� �d�e�f�i�n�e�d� �h�u�m�a�n� �h�e�a�t� �s�t�r�e�s�s� �a�s� 

�a�n� �e�n�v�i�r�o�n�m�e�n�t�,� �i�n�c�l�u�d�i�n�g� �c�l�o�t�h�i�n�g�,� �a�n�d� �h�e�a�t� �s�t�r�a�i�n� �i�n� �a� �s�u�b�j�e�c�t� �a�s� �a� �c�o�n�s�e�q�u�e�n�c�e� �o�f� �t�h�e� 

�s�t�r�e�s�s�.� �P�a�r�s�o�n�s� �(�1�9�9�3�)� �d�e�s�c�r�i�b�e�d� �s�i�x� �m�a�j�o�r� �f�a�c�t�o�r�s� �a�f�f�e�c�t�i�n�g� �h�e�a�t� �s�t�r�a�i�n� �o�n� �h�u�m�a�n�s�,� �1�.�e�.�,� 

�a�i�r� �t�e�m�p�e�r�a�t�u�r�e�,� �h�u�m�i�d�i�t�y�,� �r�a�d�i�a�n�t� �t�e�m�p�e�r�a�t�u�r�e�,� �a�i�r� �v�e�l�o�c�i�t�y�,� �c�l�o�t�h�i�n�g�,� �a�n�d� �a�c�t�i�v�i�t�y�.� �T�o� 

�k�e�e�p� �t�h�e�r�m�a�l� �h�o�m�e�o�s�t�a�s�i�s� �i�n� �a� �h�o�t� �e�n�v�i�r�o�n�m�e�n�t� �a�n�d� �i�n� �t�h�e� �c�l�o�t�h�e�d� �c�o�n�d�i�t�i�o�n�,� �t�h�e� �h�u�m�a�n� 

�b�o�d�y� �t�r�a�n�s�f�e�r�s� �h�e�a�t� �a�n�d� �m�o�i�s�t�u�r�e� �t�h�r�o�u�g�h� �c�l�o�t�h�i�n�g� �t�o� �t�h�e� �o�u�t�s�i�d�e� �e�n�v�i�r�o�n�m�e�n�t�.� �H�e�a�t� 

�e�x�c�h�a�n�g�e� �o�c�c�u�r�s� �b�y� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �m�o�d�e�s�:� �c�o�n�d�u�c�t�i�o�n�,� �c�o�n�v�e�c�t�i�o�n�,� 

�r�a�d�i�a�t�i�o�n�,� �a�n�d� �e�v�a�p�o�r�a�t�i�o�n�.� �M�o�r�r�i�s� �(�1�9�5�3�)� �n�o�t�e�d� �t�h�a�t� �e�v�a�p�o�r�a�t�i�o�n� �o�f� �s�w�e�a�t� �c�a�n� �a�c�c�o�u�n�t� �f�o�r� 

�u�p� �t�o� �2�5� �p�e�r� �c�e�n�t� �o�f� �t�o�t�a�l� �h�e�a�t� �l�o�s�s� �o�f� �t�h�e� �b�o�d�y�.� �M�o�i�s�t�u�r�e� �f�r�o�m� �e�v�a�p�o�r�a�t�i�o�n�,� �a�s� �w�e�l�l� �a�s



�s�o�m�e� �a�m�o�u�n�t� �o�f� �l�i�q�u�i�d� �s�w�e�a�t�,� �i�s� �t�r�a�n�s�f�e�r�r�e�d� �t�h�r�o�u�g�h� �c�l�o�t�h�i�n�g� �b�y� �a�d�s�o�r�p�t�i�o�n�,� �a�b�s�o�r�p�t�i�o�n�,� 

�a�n�d� �w�i�c�k�i�n�g� �(�A�d�l�e�r� �&� �W�a�l�s�h�,� �1�9�8�4�)�.� 

�A�s�s�e�s�s�m�e�n�t� �o�f� �t�h�e�r�m�a�l� �c�o�m�f�o�r�t� �a�n�d� �t�h�e�r�m�a�l� �s�t�r�a�i�n� �i�n� �c�l�o�t�h�i�n�g� �c�o�m�f�o�r�t� �r�e�s�e�a�r�c�h� 

�c�a�n� �b�e� �a�c�h�i�e�v�e�d� �b�y� �p�h�y�s�i�o�l�o�g�i�c�a�l� �m�e�a�s�u�r�e�m�e�n�t� �a�n�d�/�o�r� �s�u�b�j�e�c�t�i�v�e� �a�s�s�e�s�s�m�e�n�t� �d�u�r�i�n�g� 

�e�x�e�r�c�i�s�e�.� �T�h�e� �w�i�d�e�l�y� �u�s�e�d� �p�h�y�s�i�o�l�o�g�i�c�a�l� �m�e�a�s�u�r�e�s� �a�r�e� �h�e�a�r�t� �r�a�t�e�,� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�,� �b�o�d�y� 

�c�o�r�e� �t�e�m�p�e�r�a�t�u�r�e�,� �m�e�a�n� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e�,� �a�n�d� �r�a�t�e� �o�f� �s�w�e�a�t�i�n�g�.� �A�n�d�r�e�e�n� �e�t� �a�l�.� �(�1�9�5�3�)� 

�i�n�d�i�c�a�t�e�d� �t�h�a�t� �a�v�e�r�a�g�e� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �i�s� �a� �s�e�n�s�i�t�i�v�e� �p�a�r�a�m�e�t�e�r� �c�a�p�a�b�l�e� �o�f� �d�i�s�t�i�n�g�u�i�s�h�i�n�g� 

�r�e�l�a�t�i�v�e�l�y� �s�m�a�l�l� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�h�a�n�g�e�s�,� �w�h�e�r�e�a�s� �G�a�g�g�e� �e�t� �a�l�.� �(�1�9�6�7�)� �a�n�d� �W�i�n�s�l�o�w� �e�t� �a�l�.� 

�(�1�9�3�7�)� �f�o�u�n�d� �t�h�a�t�,� �i�n� �w�a�r�m� �c�o�n�d�i�t�i�o�n�s�,� �t�h�e� �s�w�e�a�t�i�n�g� �r�e�s�p�o�n�s�e� �i�s� �a� �m�o�r�e� �i�m�p�o�r�t�a�n�t� 

�d�e�t�e�r�m�i�n�a�n�t�,� �a�n�d� �t�h�u�s� �i�n�d�i�c�a�t�o�r�,� �o�f� �c�o�m�f�o�r�t� �t�h�a�n� �a�r�e� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �b�o�d�y� �c�o�r�e�.� 

�t�e�m�p�e�r�a�t�u�r�e�.� �P�s�y�c�h�o�l�o�g�i�c�a�l� �s�c�a�l�i�n�g�,� �a� �m�e�a�n�s� �o�f� �h�u�m�a�n� �p�e�r�c�e�p�t�i�o�n� �a�s�s�e�s�s�m�e�n�t�,� �h�a�s� �b�e�e�n� 

�d�o�c�u�m�e�n�t�e�d� �b�y� �B�r�a�n�s�o�n� �a�n�d� �S�w�e�e�n�e�y� �(�1�9�9�0�a�)�,� �G�a�g�g�e� �e�t� �a�l�.�,� �a�n�d� �H�o�l�l�i�e�s� �(�1�9�7�7�)� �a�s� �t�h�e� 

�m�o�s�t� �u�n�i�v�e�r�s�a�l� �a�p�p�r�o�a�c�h� �i�n� �c�l�o�t�h�i�n�g� �c�o�m�f�o�r�t� �r�e�s�e�a�r�c�h�.� �B�e�r�g�l�u�n�d� �a�n�d� �C�u�n�n�i�n�g�h�a�m� �(�1�9�6�7�)� 

�l�i�s�t�e�d� �s�e�v�e�r�a�l� �r�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n�s� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �p�h�y�s�i�o�l�o�g�i�c�a�l� 

�r�e�s�p�o�n�s�e�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �s�k�i�n� �w�e�t�t�e�d�n�e�s�s�,� �a�n�d� �s�u�b�j�e�c�t�i�v�e� �r�e�s�p�o�n�s�e�s� �u�n�d�e�r� �w�a�r�m� �a�n�d� �h�o�t� 

�c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �c�o�m�m�o�n� �s�c�a�l�e�s� �f�o�r� �a�s�s�e�s�s�i�n�g� �t�h�e�r�m�a�l� �e�n�v�i�r�o�n�m�e�n�t�s� �a�r�e� �t�h�e� �s�e�v�e�n�-�p�o�i�n�t� 

�s�c�a�l�e�s� �o�f� �B�e�d�f�o�r�d�,� �A�S�H�R�A�E�,� �a�n�d� �T�h�e� �M�c�G�i�n�n�i�s� �T�h�e�r�m�a�l� �S�c�a�l�e�.� �M�o�r�r�i�s� �e�t� �a�l�.� �(�1�9�8�5�)� 

�u�s�e�d� �t�h�r�e�e� �s�u�b�j�e�c�t�i�v�e� �e�v�a�l�u�a�t�i�o�n� �s�c�a�l�e�s� �t�o� �s�t�u�d�y� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� �m�o�i�s�t�u�r�e� �t�r�a�n�s�p�o�r�t� 

�p�r�o�p�e�r�t�i�e�s� �o�f� �w�a�r�m�u�p�-�s�u�i�t� �f�a�b�r�i�c�s� �t�o� �c�o�m�f�o�r�t�.� 

�A�s�m�u�s�s�e�n� �(�1�9�6�7�)� �d�e�s�c�r�i�b�e�d� �t�h�e� �e�x�e�r�c�i�s�e� �s�t�a�t�e� �a�s� �a� �s�e�c�o�n�d� �e�x�p�e�r�i�m�e�n�t�a�l� �s�t�a�n�d�a�r�d�,� 

�t�h�e� �f�i�r�s�t� �b�e�i�n�g� �t�h�e� �r�e�s�t�i�n�g� �s�t�a�t�e�,� �i�n� �c�o�m�f�o�r�t� �s�t�u�d�i�e�s� �o�f� �w�e�a�r�i�n�g� �c�h�e�m�i�c�a�l� �p�r�o�t�e�c�t�i�v�e� �c�l�o�t�h�i�n�g� 
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�(�G�a�g�g�e�,� �S�t�o�l�w�i�j�k�,� �&� �S�a�l�t�i�n�,� �1�9�6�9�)�.� �D�i�f�f�e�r�e�n�t� �w�o�r�k� �r�a�t�e�s� �h�a�v�e� �b�e�e�n� �u�s�e�d� �t�o� �s�i�m�u�l�a�t�e� �t�h�e� 

�a�c�t�u�a�l� �w�o�r�k� �i�n� �t�h�e� �f�i�e�l�d�.� �F�o�r� �e�x�a�m�p�l�e�,� �B�r�a�n�s�o�n�,� �D�e�J�o�n�g�e�,� �a�n�d� �M�u�n�s�o�n� �(�1�9�8�6�)� �u�s�e�d� �a� 

�t�h�r�e�e�-�m�e�t� �w�o�r�k� �r�a�t�e� �t�o� �s�i�m�u�l�a�t�e� �t�h�e� �a�m�o�u�n�t� �o�f� �w�o�r�k� �p�e�r�f�o�r�m�e�d� �i�n� �a�p�p�l�y�i�n�g� �p�e�s�t�i�c�i�d�e�s� �b�y� 

�t�r�a�c�t�o�r� �a�n�d� �a�i�r�-�b�l�a�s�t� �s�p�r�a�y�e�r�.� 

�A�l�t�h�o�u�g�h� �m�o�s�t� �c�o�m�f�o�r�t� �s�t�u�d�i�e�s� �h�a�v�e� �u�s�e�d� �f�u�l�l� �g�a�r�m�e�n�t�s�,� �s�o�m�e� �s�t�u�d�i�e�s� �(�H�a�t�c�h� �e�t� 

�a�l�.�,� �1�9�8�7�;� �W�e�s�t�e�r� �e�t� �a�l�.�,� �1�9�8�6�;� �W�i�l�s�o�n� �&� �D�a�l�l�a�s�,� �1�9�9�0�;� �H�y�u�n� �e�t� �a�l�.�,� �1�9�9�0�)� �h�a�v�e� �u�s�e�d� 

�g�a�r�m�e�n�t� �p�a�r�t�s�.� �Z�i�m�m�e�r�e�r� �e�t� �a�l�.� �r�e�p�o�r�t�e�d� �t�h�a�t� �t�h�e� �v�o�l�a�r� �f�o�r�e�a�r�m� �s�k�i�n� �w�a�s� �a� �r�e�l�i�a�b�l�e� �s�i�t�e� �o�n� 

�a�d�u�l�t� �s�u�b�j�e�c�t�s�.� �T�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �u�s�i�n�g� �g�a�r�m�e�n�t� �p�a�r�t�s� �i�n� �p�r�e�v�i�o�u�s� �c�l�o�t�h�i�n�g� �c�o�m�f�o�r�t� 

�s�t�u�d�i�e�s� �s�u�g�g�e�s�t�s� �t�h�e� �i�d�e�a� �o�f� �s�t�u�d�y�i�n�g� �t�h�e�r�m�a�l� �c�o�m�f�o�r�t� �b�y� �u�s�i�n�g� �o�n�l�y� �p�o�r�t�i�o�n�s� �o�f� �g�a�r�m�e�n�t�s�.� 
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�C�H�A�P�T�E�R� �I�I�I� 

�S�E�T�T�I�N�G� �O�F� �T�H�E� �P�R�O�B�L�E�M� 

�C�o�n�c�e�p�t�u�a�l� �F�r�a�m�e�w�o�r�k� � � 

�I�n� �w�a�r�m� �a�n�d� �h�o�t� �e�n�v�i�r�o�n�m�e�n�t�s�,� �w�h�e�n� �t�h�e� �a�m�o�u�n�t� �o�f� �h�e�a�t� �g�a�i�n� �e�x�c�e�e�d�s� �t�h�a�t� �o�f� �h�e�a�t� 

�l�o�s�s�,� �t�h�e� �b�o�d�y ��s� �h�e�a�t� �l�o�a�d� �i�n�c�r�e�a�s�e�s�,� �r�e�s�u�l�t�i�n�g� �i�n� �t�h�e�r�m�a�l� �d�i�s�c�o�m�f�o�r�t� �a�n�d� �h�e�a�t� �s�t�r�e�s�s�.� �T�h�e� 

�A�m�e�r�i�c�a�n� �S�o�c�i�e�t�y� �o�f� �H�e�a�t�i�n�g�,� �R�e�f�r�i�g�e�r�a�t�i�o�n� �a�n�d� �E�n�g�i�n�e�e�r�i�n�g� �(�1�9�8�1�)� �d�e�f�i�n�e�d� �t�h�e�r�m�a�l� 

�c�o�m�f�o�r�t� �a�s�  ��t�h�a�t� �c�o�n�d�i�t�i�o�n� �o�f� �m�i�n�d� �w�h�i�c�h� �e�x�p�r�e�s�s�e�s� �s�a�t�i�s�f�a�c�t�i�o�n� �w�i�t�h� �t�h�e� �t�h�e�r�m�a�l� 

�e�n�v�i�r�o�n�m�e�n�t �� �(�p�.� �8�.�1�9�)�.� �T�h�e� �E�n�v�i�r�o�n�m�e�n�t�a�l� �P�r�o�t�e�c�t�i�o�n� �A�g�e�n�c�y� �(�1�9�9�3�)� �d�e�f�i�n�e�d� �h�e�a�t� 

�s�t�r�e�s�s� �a�s�  ��t�h�e� �b�u�i�l�d�u�p� �i�n� �t�h�e� �b�o�d�y� �o�f� �h�e�a�t� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �m�u�s�c�l�e�s� �d�u�r�i�n�g� �w�o�r�k� �a�n�d� �o�f� 

�h�e�a�t� �c�o�m�i�n�g� �f�r�o�m� �w�a�r�m� �a�n�d� �h�o�t� �e�n�v�i�r�o�n�m�e�n�t�s �� �(�p�.�1�)�.� �K�e�r�s�l�a�k�e� �(�1�9�7�2�)� �d�e�f�i�n�e�d� �h�e�a�t� 

�s�t�r�a�i�n� �a�s� �a� �c�o�n�s�e�q�u�e�n�c�e� �o�f� �h�e�a�t� �s�t�r�e�s�s�,� �i�n�d�i�c�a�t�e�d� �b�y� �p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�s�p�o�n�s�e�s� �o�f� �t�h�e� �s�u�b�j�e�c�t�.� 

�W�e�a�r�i�n�g� �a� �c�h�e�m�i�c�a�l� �p�r�o�t�e�c�t�i�v�e� �s�u�i�t� �w�i�t�h� �p�o�o�r� �h�e�a�t� �d�i�s�s�i�p�a�t�i�o�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�,� 

�w�h�i�l�e� �w�o�r�k�i�n�g� �i�n� �a� �h�o�t� �e�n�v�i�r�o�n�m�e�n�t�,� �c�a�n� �e�a�s�i�l�y� �c�a�u�s�e� �t�h�e�r�m�a�l� �d�i�s�c�o�m�f�o�r�t� �a�n�d� �h�e�a�t� �s�t�r�a�i�n� 

�i�n� �w�o�r�k�e�r�s� �b�e�c�a�u�s�e� �h�e�a�t� �b�u�i�l�t� �u�p� �i�n� �t�h�e� �b�o�d�y� �(�a�c�t�i�v�e� �t�i�s�s�u�e�s� �o�r� �o�r�g�a�n�s�)� �c�a�n�n�o�t� �b�e� 

�t�r�a�n�s�f�e�r�r�e�d� �e�f�f�e�c�t�i�v�e�l�y� �t�o� �t�h�e� �o�u�t�s�i�d�e� �e�n�v�i�r�o�n�m�e�n�t�.� �F�i�g�u�r�e� �3� �d�e�s�c�r�i�b�e�s� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� 

�h�e�a�t� �l�o�a�d� �i�n� �t�h�e� �b�o�d�y� �a�n�d� �t�h�e� �r�e�s�p�o�n�s�e�s� �o�f� �t�h�e� �b�o�d�y� �t�o� �t�h�e� �i�n�c�r�e�a�s�e�d� �h�e�a�t� �l�o�a�d�,� �u�n�d�e�r� 

�c�o�n�d�i�t�i�o�n�s� �o�f� �e�x�e�r�c�i�s�i�n�g� �i�n� �a� �h�o�t� �e�n�v�i�r�o�n�m�e�n�t� �a�n�d� �w�e�a�r�i�n�g� �a� �p�r�o�t�e�c�t�i�v�e� �g�a�r�m�e�n�t�,� �e�.�g�.�,� �a� 

�c�o�v�e�r�a�l�l�,� �w�h�i�c�h� �i�n�h�i�b�i�t�s� �h�e�a�t� �f�l�o�w�.� 
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�H�e�a�t� �b�u�i�l�d�u�p� �i�n� �a�c�t�i�v�e� �t�i�s�s�u�e�s� �o�r� �o�r�g�a�n�s� �w�h�i�l�e� �w�e�a�r�i�n�g� �p�r�o�t�e�c�t�i�v�e� �c�l�o�t�h�i�n�g� 
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�R�i�s�e� �i�n� �b�o�d�y� �c�o�r�e� �t�e�m�p�e�r�a�t�u�r�e� 
� � 

�H�e�a�t� �t�r�a�n�s�f�e�r� �f�r�o�m� �b�o�d�y� �c�o�r�e� �t�o� �s�k�i�n� 
�b�y� �a�)� �t�i�s�s�u�e� �c�o�n�d�u�c�t�i�o�n�,� �a�n�d� �b�)� �b�l�o�o�d� 
�c�o�n�v�e�c�t�i�o�n� �(� �1� �c�a�r�d�i�a�c� �o�u�t�p�u�t�)� 
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�P�s�y�c�h�o�l�o�g�i�c�a�l� �r�e�s�p�o�n�s�e�s� 
�-� �T�h�e�r�m�a�l� �s�e�n�s�a�t�i�o�n� 
�-� �W�e�t�n�e�s�s� �s�e�n�s�a�t�i�o�n� 
�-� �O�v�e�r�a�l�l� �s�e�n�s�a�t�i�o�n� � � 

� � 

�P�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�s�p�o�n�s�e�s� 
�-�+� �B�o�d�y� �c�o�r�e� �t�e�m�p�e�r�a�t�u�r�e� 
�-�*� �S�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� 
�-�*� �S�w�e�a�t�i�n�g� � � 

� � � � � � �-�*� �H�e�a�r�t� �r�a�t�e� 

�O�r� 
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� � � � � � 

�F�i�g�u�r�e� �3�.� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �h�e�a�t� �l�o�a�d� �i�n� �t�h�e� �b�o�d�y� �a�n�d� �t�h�e� �r�e�s�p�o�n�s�e�s� �o�f� �t�h�e� �b�o�d�y� �t�o� �t�h�e� 

� � 

�h�e�a�t� �l�o�a�d�,� �w�h�i�l�e� �w�e�a�r�i�n�g� �p�r�o�t�e�c�t�i�v�e� �c�l�o�t�h�i�n�g� �a�n�d� �e�x�e�r�c�i�s�i�n�g� �i�n� �a� �h�o�t� �e�n�v�i�r�o�n�m�e�n�t�.� 

�T�h�e�r�m�a�l� �b�a�l�a�n�c�e� �|� �o�r� �|� �H�e�a�t� �s�t�r�e�s�s� �i�n�d�u�c�i�n�g� �h�e�a�t� �s�t�r�a�i�n� 
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�T�h�e� �r�e�s�p�o�n�s�e� �o�f� �t�h�e� �b�o�d�y� �t�o� �h�e�a�t� �l�o�a�d� �w�h�e�n� �r�e�g�u�l�a�r� �c�l�o�t�h�i�n�g� �i�s� �w�o�r�n� �w�i�t�h� �a� 

�p�r�o�t�e�c�t�i�v�e� �s�l�e�e�v�e� �o�n� �o�n�l�y� �o�n�e� �a�r�m� �i�s� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �w�h�e�n� �a� �f�u�l�l� �p�r�o�t�e�c�t�i�v�e� �g�a�r�m�e�n�t� �i�s� 

�w�o�r�n�.� �O�f� �c�o�u�r�s�e�,� �i�n� �t�h�e� �p�r�o�t�e�c�t�i�v�e�-�s�l�e�e�v�e�-�o�n�l�y� �c�a�s�e�,� �h�e�a�t� �t�r�a�n�s�f�e�r� �i�s� �i�m�p�e�d�e�d� �m�o�s�t�l�y� �o�n� 

�a�r�m� �a�s� �c�o�m�p�a�r�e�d� �t�o� �o�t�h�e�r� �b�o�d�y� �s�i�t�e�s�.� �I�n� �t�h�i�s� �c�a�s�e�,� �a�s� �i�n� �t�h�e� �f�u�l�l�-�g�a�r�m�e�n�t� �c�a�s�e�,� �t�h�e�r�m�a�l� 

�r�e�c�e�p�t�o�r�s� �u�n�d�e�r� �t�h�e� �s�k�i�n� �w�i�l�l� �d�e�t�e�c�t� �t�h�e� �i�n�c�r�e�a�s�e�d� �m�i�c�r�o�c�l�i�m�a�t�e� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �t�h�e�n� �s�e�n�d� 

�t�h�e� �i�m�p�u�l�s�e�s� �t�o� �t�h�e� �c�e�n�t�r�a�l� �n�e�r�v�o�u�s� �s�y�s�t�e�m�,� �c�a�u�s�i�n�g� �t�h�e� �b�o�d�y� �t�o� �r�e�s�p�o�n�d� �b�y� �i�n�c�r�e�a�s�i�n�g� 

�s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �s�w�e�a�t� �a�m�o�u�n�t�.� 

�C�o�n�c�e�p�t�u�a�l� �D�e�f�i�n�i�t�i�o�n�s� 

�T�h�e�r�m�a�l� �b�a�l�a�n�c�e�:� �a� �s�t�a�t�e� �o�f� �t�h�e� �b�o�d�y� �i�n� �w�h�i�c�h� �t�h�e�r�e� �i�s� �n�o� �e�x�c�e�s�s� �h�e�a�t� �s�t�o�r�a�g�e� �i�n� 

�t�i�s�s�u�e�s�,� �a�n�d� �t�h�e� �a�m�o�u�n�t� �o�f� �h�e�a�t� �s�t�o�r�e�d� �i�n� �t�h�e� �b�o�d�y� �e�q�u�a�l�s� �t�h�e� �a�m�o�u�n�t� �o�f� �h�e�a�t� �r�e�l�e�a�s�e�d� �f�r�o�m� 

�t�h�e� �b�o�d�y� �(�P�a�r�s�o�n�s�,� �1�9�9�3�)�.� 

�T�h�e�r�m�a�l� �c�o�m�f�o�r�t�:�  ��t�h�a�t� �c�o�n�d�i�t�i�o�n� �o�f� �m�i�n�d� �w�h�i�c�h� �e�x�p�r�e�s�s�e�s� �s�a�t�i�s�f�a�c�t�i�o�n� �w�i�t�h� �t�h�e� 

�t�h�e�r�m�a�l� �e�n�v�i�r�o�n�m�e�n�t �� �(�A�S�H�R�A�E�,� �1�9�8�1�,� �p�.�8�.�1�9�)�.� 

�H�e�a�t� �s�t�r�e�s�s� �(�o�r� �T�h�e�r�m�a�l� �i�m�b�a�l�a�n�c�e�)�:�  ��t�h�e� �b�u�i�l�d�u�p� �i�n� �t�h�e� �b�o�d�y� �o�f� �h�e�a�t� �g�e�n�e�r�a�t�e�d� �b�y� 

�t�h�e� �m�u�s�c�l�e�s� �d�u�r�i�n�g� �w�o�r�k� �a�n�d� �o�f� �h�e�a�t� �c�o�m�i�n�g� �f�r�o�m� �w�a�r�m� �a�n�d� �h�o�t� �e�n�v�i�r�o�n�m�e�n�t�s �� �(�E�P�A�,� 

�1�9�9�3�,� �p�.�1�)�,� �o�r� �a�n� �e�n�v�i�r�o�n�m�e�n�t�,� �i�n�c�l�u�d�i�n�g� �c�l�o�t�h�i�n�g�,� �t�h�a�t� �i�n�d�u�c�e�s� �h�e�a�t� �s�t�r�a�i�n� �i�n� �h�u�m�a�n�s� 

�(�K�e�r�s�l�a�k�e�,� �1�9�7�2�)�.� 

�H�e�a�t� �s�t�r�a�i�n�:� �a� �c�o�n�s�e�q�u�e�n�c�e� �o�f� �t�h�e�r�m�a�l� �s�t�r�e�s�s�,� �i�n�d�i�c�a�t�e�d� �b�y� �t�h�e� �p�h�y�s�i�o�l�o�g�i�c�a�l� 

�r�e�s�p�o�n�s�e�s� �o�f� �t�h�e� �s�u�b�j�e�c�t� �(�K�e�r�s�l�a�k�e�,� �1�9�7�2�)�.� 

�4�3



�H�e�a�t� �l�o�a�d�:� �a�n� �i�n�c�r�e�a�s�e�d� �a�m�o�u�n�t� �o�f� �h�e�a�t� �g�a�i�n�e�d� �i�n� �t�h�e� �b�o�d�y� �d�u�e� �t�o� �e�i�t�h�e�r� �i�n�c�r�e�a�s�e�d� 

�m�e�t�a�b�o�l�i�c� �r�a�t�e� �o�r� �i�n�c�r�e�a�s�e�d� �a�m�b�i�e�n�t� �t�e�m�p�e�r�a�t�u�r�e�.� 

�C�h�e�m�i�c�a�l� �p�r�o�t�e�c�t�i�v�e� �c�l�o�t�h�i�n�g�:� �g�a�r�m�e�n�t�s� �w�o�r�n� �t�o� �p�r�e�v�e�n�t� �c�o�n�t�a�c�t� �o�f� �p�e�s�t�i�c�i�d�e�s� �o�r� 

�o�t�h�e�r� �c�h�e�m�i�c�a�l�s� �w�i�t�h� �t�h�e� �b�o�d�y�.� 

�P�e�r�c�e�p�t�u�a�l� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �t�h�e�r�m�a�l� �c�o�m�f�o�r�t� �a�n�d� �h�e�a�t� �s�t�r�a�i�n�:� �a� �m�e�a�s�u�r�e�m�e�n�t� �m�e�a�n�s� 

�i�n� �w�h�i�c�h� �s�u�b�j�e�c�t�s� �e�v�a�l�u�a�t�e� �t�h�e�i�r� �t�h�e�r�m�a�l� �c�o�m�f�o�r�t� �a�n�d� �t�h�e�r�m�a�l� �s�t�r�a�i�n� �b�y� �e�x�p�r�e�s�s�i�n�g� �t�h�e�i�r� 

�t�h�e�r�m�a�l� �p�e�r�c�e�p�t�i�o�n� �v�i�a� �s�u�b�j�e�c�t�i�v�e� �e�v�a�l�u�a�t�i�o�n� �s�c�a�l�e�s�.� 

�P�h�y�s�i�o�l�o�g�i�c�a�l� �a�s�s�e�s�s�m�e�n�t� �o�f� �t�h�e�r�m�a�l� �c�o�m�f�o�r�t� �a�n�d� �h�e�a�t� �s�t�r�a�i�n�:� �a� �m�e�a�s�u�r�e�m�e�n�t� 

�m�e�a�n�s� �u�s�i�n�g� �a� �p�e�r�s�o�n ��s� �p�h�y�s�i�o�l�o�g�i�c�a�l� �r�e�s�p�o�n�s�e�s� �(�e�.�g�.�,� �h�e�a�r�t� �r�a�t�e�,� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e�,� �s�k�i�n� 

�t�e�m�p�e�r�a�t�u�r�e�,� �s�w�e�a�t� �a�m�o�u�n�t�)� �t�o� �h�e�a�t� �l�o�a�d�,� �a�s� �i�n�d�i�c�a�t�o�r�s� �o�f� �t�h�e�r�m�a�l� �d�i�s�c�o�m�f�o�r�t� �a�n�d� �h�e�a�t� 

�s�t�r�a�i�n�.� 

�M�i�c�r�o�c�l�i�m�a�t�e�:� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �b�e�t�w�e�e�n� �t�h�e� �s�k�i�n� �a�n�d� �c�l�o�t�h�i�n�g� �(�H�o�l�l�i�e�s�,� �1�9�7�7�)�.� 

�H�e�a�r�t� �r�a�t�e� �(�b�e�a�t�s�/�m�i�n�.�)�:� �a� �n�u�m�b�e�r� �e�x�p�r�e�s�s�i�n�g� �t�h�e� �c�y�c�l�i�c� �c�o�n�t�r�a�c�t�i�o�n� �a�n�d� �r�e�l�a�x�a�t�i�o�n� 

�o�f� �t�h�e� �h�e�a�r�t� �p�e�r� �u�n�i�t� �t�i�m�e�.� 

�B�o�d�y� �c�o�r�e� �t�e�m�p�e�r�a�t�u�r�e�:� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �t�h�e� �i�n�n�e�r� �b�o�d�y�,� �o�r� �t�h�e� �v�i�t�a�l� �o�r�g�a�n�s� 

�(�P�a�r�s�o�n�s�,� �1�9�9�3�)�;� �n�o�r�m�a�l�l�y�,� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e�.�i�s� �3�7�°�C� �(�9�8�.�6�°�F�)�.� 

�S�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�:� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �t�h�e� �o�u�t�e�r� �t�i�s�s�u�e�s� �o�f� �t�h�e� �b�o�d�y�,� �v�a�r�y�i�n�g� �w�i�t�h� 

�t�h�e� �e�x�t�e�r�n�a�l� �e�n�v�i�r�o�n�m�e�n�t� �a�n�d� �t�h�e� �t�h�e�r�m�o�r�e�g�u�l�a�t�i�o�n� �o�f� �t�h�e� �b�o�d�y� �(�P�a�r�s�o�n�s�,� �1�9�9�3�)�.� 

�S�w�e�a�t�:� �l�i�q�u�i�d� �p�r�o�d�u�c�e�d� �a�n�d� �s�e�c�r�e�t�e�d� �b�y� �t�h�e� �s�w�e�a�t� �g�l�a�n�d�s� �t�h�r�o�u�g�h� �t�h�e� �s�k�i�n�.� 
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�P�u�r�p�o�s�e� �S�t�a�t�e�m�e�n�t� �a�n�d� �S�p�e�c�i�f�i�c� �O�b�j�e�c�t�i�v�e�s�.� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �w�a�s� �t�o� �e�x�p�l�o�r�e� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� �o�f� �u�s�i�n�g� �s�l�e�e�v�e�s�,� 

�i�n�s�t�e�a�d� �o�f� �f�u�l�l� �g�a�r�m�e�n�t�s�,� �i�n� �w�e�a�r� �t�e�s�t�s� �t�o� �a�s�s�e�s�s� �t�h�e� �t�h�e�r�m�a�l� �c�o�m�f�o�r�t� �a�n�d� �t�h�e�r�m�a�l� �s�t�r�a�i�n� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �c�h�e�m�i�c�a�l� �p�r�o�t�e�c�t�i�v�e� �g�a�r�m�e�n�t�s�.� �T�h�e� �t�h�e�r�m�a�l� �c�o�m�f�o�r�t� �a�n�d� �t�h�e�r�m�a�l� �s�t�r�a�i�n� �i�n� 

�w�e�a�r�i�n�g� �s�l�e�e�v�e�s� �o�f� �t�h�e� �s�a�m�e� �s�t�y�l�e�,� �b�u�t� �m�a�d�e� �o�f� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �f�a�b�r�i�c� �t�y�p�e�s�,� �o�n� �a� �s�t�a�n�d�a�r�d� 

�g�a�r�m�e�n�t�,� �w�e�r�e� �i�n�v�e�s�t�i�g�a�t�e�d� �b�y� �b�o�t�h� �p�e�r�c�e�p�t�u�a�l� �a�n�d� �p�h�y�s�i�o�l�o�g�i�c�a�l� �m�e�a�s�u�r�e�m�e�n�t�s� �t�a�k�e�n� 

�w�h�i�l�e� �s�u�b�j�e�c�t�s� �e�x�e�r�c�i�s�e�d�.� �P�e�r�c�e�p�t�u�a�l� �m�e�a�s�u�r�e�m�e�n�t� �w�a�s� �a�c�c�o�m�p�l�i�s�h�e�d� �u�s�i�n�g� �s�u�b�j�e�c�t�i�v�e� 

�e�v�a�l�u�a�t�i�o�n� �s�c�a�l�e�s� �d�e�v�e�l�o�p�e�d� �b�y� �M�o�r�r�i�s� �e�t� �a�l�.� �(�1�9�8�5�)�.� �P�h�y�s�i�o�l�o�g�i�c�a�l� �m�e�a�s�u�r�e�s� �i�n� �t�h�i�s� �s�t�u�d�y� 

�a�r�e� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �s�w�e�a�t� �a�m�o�u�n�t�.� 

�O�b�j�e�c�t�i�v�e�s� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �w�e�r�e�:� 

�1�)� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �b�o�d�y� �s�i�t�e�s�,� �1�.�e�.�,� �u�p�p�e�r� �a�r�m�s� �a�n�d� �c�h�e�s�t�,� �o�n� 

�m�e�a�s�u�r�e�d� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �s�w�e�a�t� �a�m�o�u�n�t� �w�h�i�l�e� �s�u�b�j�e�c�t�s� �w�e�r�e� �w�e�a�r�i�n�g� �a� �s�t�a�n�d�a�r�d� 

�g�a�r�m�e�n�t� �c�o�n�s�i�s�t�i�n�g� �e�i�t�h�e�r� �o�f� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s� �o�r� �o�f� �a� �T�y�v�e�k�®� �c�o�v�e�r�a�l�l� �o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� �a�n�d� 

�p�a�n�t�s�.� 

�2�)� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �f�a�b�r�i�c� �t�y�p�e�s�,� �a�s� �u�s�e�d� �i�n� �c�h�e�m�i�c�a�l� 

�p�r�o�t�e�c�t�i�v�e� �s�l�e�e�v�e�s�,� �o�n� �t�h�e� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�,� �s�w�e�a�t� �a�m�o�u�n�t�,� �a�n�d� �s�u�b�j�e�c�t�i�v�e� �c�o�m�f�o�r�t� 

�e�v�a�l�u�a�t�i�o�n� �m�e�a�s�u�r�e�d� �w�h�i�l�e� �s�u�b�j�e�c�t�s� �w�e�r�e� �w�e�a�r�i�n�g� �t�h�e� �T�-�s�h�i�r�t�/�p�a�n�t�s� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t�,� �o�r� 

�t�h�e� �T�y�v�e�k�®�-�c�o�v�e�r�a�l�l� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s�.� 
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�3�)� �t�o� �c�o�m�p�a�r�e� �t�h�e� �r�e�s�u�l�t�s� �o�f� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �s�w�e�a�t� �a�m�o�u�n�t� �o�b�t�a�i�n�e�d� �i�n� �t�h�i�s� 

�s�t�u�d�y� �w�i�t�h� �t�h�o�s�e� �o�b�t�a�i�n�e�d� �i�n� �t�h�e� �c�o�m�p�a�n�i�o�n� �s�t�u�d�y ��,� �d�e�s�c�r�i�b�e�d� �i�n� �A�p�p�e�n�d�i�x� �A�,� �t�h�a�t� �u�s�e�d� 

�t�h�e� �s�a�m�e� �f�a�b�r�i�c�s� �a�n�d� �e�x�p�e�r�i�m�e�n�t�a�l� �d�e�s�i�g�n� �b�u�t� �u�s�e�d� �f�u�l�l� �g�a�r�m�e�n�t�s�.� 

�R�e�s�e�a�r�c�h� �H�y�p�o�t�h�e�s�e�s� 

�T�h�e� �f�o�l�l�o�w�i�n�g� �r�e�s�e�a�r�c�h� �h�y�p�o�t�h�e�s�e�s� �w�e�r�e� �g�e�n�e�r�a�t�e�d� �b�a�s�e�d� �o�n� �e�m�p�i�r�i�c�a�l� �r�e�s�u�l�t�s� �i�n� 

�p�r�e�v�i�o�u�s� �r�e�s�e�a�r�c�h� �a�n�d� �o�n� �t�h�e� �c�o�n�c�e�p�t�u�a�l� �f�r�a�m�e�w�o�r�k�.� �T�h�e� �h�y�p�o�t�h�e�s�e�s� �a�l�l� �i�n�v�o�l�v�e� �v�a�r�i�a�b�l�e�s� 

�o�t�h�e�r� �t�h�a�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s� �o�f� �t�h�e� �r�o�o�m� �i�n� �w�h�i�c�h� �t�h�e� �s�u�b�j�e�c�t�s� �e�x�e�r�c�i�s�e�d� 

�d�u�r�i�n�g� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �t�r�i�a�l�s�;� �t�h�a�t� �i�s�,� �t�h�e� �r�o�o�m� �h�a�d� �s�t�a�n�d�a�r�d� �s�e�t�t�i�n�g�s� �f�o�r� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� 

�h�u�m�i�d�i�t�i�e�s�,� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �p�r�e�v�i�o�u�s� �c�h�a�p�t�e�r�.� 

�H�y�p�o�t�h�e�s�e�s� �f�o�r� �o�b�j�e�c�t�i�v�e� �1�.� 

�H�I�:� �A�t� �a�n�y� �g�i�v�e�n� �t�i�m�e� �i�n�t�e�r�v�a�l� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� �w�h�e�n� �a� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� 

�c�o�n�s�i�s�t�i�n�g� �e�i�t�h�e�r� �o�f� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s� �o�r� �o�f� �a� �T�y�v�e�k�®� �c�o�v�e�r�a�l�l� �o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s�,� 

�s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �w�i�l�l� �n�o�t� �d�i�f�f�e�r� �b�e�t�w�e�e�n� �t�h�e� �r�i�g�h�t� �a�n�d� �t�h�e� �l�e�f�t� �a�r�m�s�,� �b�u�t� �w�i�l�l� �d�i�f�f�e�r� 

�b�e�t�w�e�e�n� �t�h�e� �a�r�m�s� �a�n�d� �t�h�e� �c�h�e�s�t�.� 

�H�2�:� �W�h�i�l�e� �w�e�a�r�i�n�g� �a� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �c�o�n�s�i�s�t�i�n�g� �e�i�t�h�e�r� �o�f� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s� �o�r� �o�f� 

�a� �T�y�v�e�k�®� �c�o�v�e�r�a�l�l� �o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s�,� �s�w�e�a�t� �a�m�o�u�n�t� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �t�h�e� �b�e�g�i�n�n�i�n�g� 

�x� 
� � 

�*� �T�h�e� �t�e�r�m�  ��c�o�m�p�a�n�i�o�n� �s�t�u�d�y �� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �r�e�f�e�r�s� �t�o� �H�e�n�n�e�s�s�e�y ��s� �(�1�9�9�7�)� �s�t�u�d�y� �w�h�i�c�h� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� 
�e�f�f�e�c�t� �o�f� �f�i�v�e� �d�i�f�f�e�r�e�n�t� �f�a�b�r�i�c�s�,� �u�s�e�d� �i�n� �c�h�e�m�i�c�a�l� �p�r�o�t�e�c�t�i�v�e� �c�l�o�t�h�i�n�g�,� �o�n� �t�h�e�r�m�a�l� �c�o�m�f�o�r�t� �a�n�d� �t�h�e�r�m�a�l� �s�t�r�e�s�s�.� 
�T�o� �c�o�m�p�a�r�e� �t�h�e� �r�e�s�u�l�t�s�,� �t�h�i�s� �c�u�r�r�e�n�t� �s�t�u�d�y� �u�s�e�s� �t�h�e� �s�a�m�e� �t�e�s�t� �f�a�b�r�i�c�s� �a�n�d� �e�x�p�e�r�i�m�e�n�t�a�l� �p�r�o�t�o�c�o�l� �a�s� 
�H�e�n�n�e�s�s�e�y�,� �b�u�t� �e�x�p�e�r�i�m�e�n�t�a�l� �f�a�b�r�i�c�s� �a�r�e� �a�s�s�e�m�b�l�e�d� �i�n� �s�l�e�e�v�e�s� �r�a�t�h�e�r� �t�h�a�n� �c�o�v�e�r�a�l�l�s�.� 

�4�6



�t�o� �t�h�e� �e�n�d� �o�f� �t�h�e� �e�x�e�r�c�i�s�e� �w�i�l�l� �n�o�t� �d�i�f�f�e�r� �b�e�t�w�e�e�n� �t�h�e� �r�i�g�h�t� �a�n�d� �t�h�e� �l�e�f�t� �a�r�m�s�,� �b�u�t� �w�i�l�l� �d�i�f�f�e�r� 

�b�e�t�w�e�e�n� �t�h�e� �a�r�m�s� �a�n�d� �t�h�e� �c�h�e�s�t�.� 

�R�a�t�i�o�n�a�l�e�:� 

�T�h�e� �t�e�m�p�e�r�a�t�u�r�e� �d�i�s�t�r�i�b�u�t�i�o�n� �a�n�d� �s�w�e�a�t� �a�m�o�u�n�t� �o�v�e�r� �a�n� �a�r�e�a� �o�f� �t�h�e� �b�o�d�y� �d�e�p�e�n�d� 

�o�n� �t�h�e� �l�o�c�a�l�i�z�e�d� �t�h�e�r�m�a�l� �a�n�d� �m�o�i�s�t�u�r�e� �b�a�l�a�n�c�e�s�.� �B�e�c�a�u�s�e� �t�h�e� �r�i�g�h�t� �a�n�d� �l�e�f�t� �a�r�m�s� �a�r�e� 

�s�y�m�m�e�t�r�i�c�a�l�,� �w�h�e�n� �t�h�e�y� �a�r�e� �e�x�p�o�s�e�d� �t�o� �t�h�e� �s�a�m�e� �c�o�n�d�i�t�i�o�n�s�,� �h�e�a�t� �a�n�d� �m�o�i�s�t�u�r�e� �b�a�l�a�n�c�e�s� 

�o�n� �b�o�t�h� �a�r�m�s� �s�h�o�u�l�d� �b�e� �t�h�e� �s�a�m�e�.� �T�h�a�t� �i�s�,� �u�n�d�e�r� �a� �g�i�v�e�n� �c�o�n�d�i�t�i�o�n� �a�t� �a� �g�i�v�e�n� �t�i�m�e�,� �t�h�e� 

�a�r�m�s� �s�h�o�u�l�d� �h�a�v�e� �t�h�e� �s�a�m�e� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �s�w�e�a�t� �a�m�o�u�n�t�,� �a�n�d� �t�h�e�r�e�f�o�r�e�,� �e�i�t�h�e�r� �a�r�m� 

�c�a�n� �b�e� �u�s�e�d� �a�s� �a� �t�e�s�t� �s�i�t�e� �f�o�r� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e�.� 

�U�n�d�e�r� �a� �p�a�r�t�i�c�u�l�a�r� �c�o�n�d�i�t�i�o�n� �a�t� �a� �g�i�v�e�n� �t�i�m�e�,� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� 

�s�w�e�a�t� �a�m�o�u�n�t� �o�f� �t�h�e� �a�r�m�s� �v�s�.� �t�h�e� �c�h�e�s�t� �s�h�o�u�l�d� �b�e� �o�b�s�e�r�v�e�d�.� �T�h�e� �r�e�a�s�o�n� �i�s� �t�h�a�t� �t�h�e� �a�r�m�s� 

�a�n�d� �t�h�e� �c�h�e�s�t� �h�a�v�e� �d�i�s�t�i�n�c�t� �a�n�a�t�o�m�i�c�a�l� �s�t�r�u�c�t�u�r�e�s�,� �a�n�d�,� �a�l�s�o�,� �h�a�v�e� �d�i�f�f�e�r�e�n�t� �d�i�s�t�r�i�b�u�t�i�o�n� 

�p�a�t�t�e�r�n�s� �o�f� �t�h�e�r�m�a�l� �r�e�c�e�p�t�o�r�s� �a�n�d� �s�w�e�a�t� �g�l�a�n�d�s� �w�h�i�c�h� �c�o�n�t�r�i�b�u�t�e� �d�i�r�e�c�t�l�y� �t�o� �s�k�i�n� 

�t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �s�w�e�a�t�i�n�g�.� 

�H�y�p�o�t�h�e�s�e�s� �f�o�r� �o�b�j�e�c�t�i�v�e� �2�.� 

�H�3�:� �A�t� �a�n�y� �g�i�v�e�n� �t�i�m�e� �i�n�t�e�r�v�a�l� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� �w�h�e�n� �t�h�e� �T�-�s�h�i�r�t�/�p�a�n�t�s� �s�t�a�n�d�a�r�d� 

�g�a�r�m�e�n�t� �i�s� �w�o�r�n�,� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�s� �(�o�n� �t�h�e� �l�e�f�t� �a�r�m�)� �w�i�l�l� �b�e� �h�i�g�h�e�s�t� �i�n� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� 

�T�y�v�e�k�®� �s�l�e�e�v�e� �a�n�d� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�I�®� �s�l�e�e�v�e�,� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �g�a�r�m�e�n�t� 

�w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�l�e�e�v�e�,� �a�n�d� �t�h�e�n� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h�o�u�t� �a�n�y� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e�.� 
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�H�4�:� �A�t� �a�n�y� �g�i�v�e�n� �t�i�m�e� �i�n�t�e�r�v�a�l� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� �w�h�e�n� �t�h�e� �T�y�v�e�k�®�-�c�o�v�e�r�a�l�l� 

�s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �i�s� �w�o�r�n� �o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s�,� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�s� �(�o�n� �t�h�e� �l�e�f�t� �a�r�m�)� 

�w�i�l�l� �b�e� �h�i�g�h�e�s�t� �i�n� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �T�y�v�e�k�®� �s�l�e�e�v�e� �a�n�d� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�I�®� 

�s�l�e�e�v�e�,� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�l�e�e�v�e�.� 

�H�5�:� �W�h�e�n� �t�h�e� �T�-�s�h�i�r�t�/�p�a�n�t�s� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �i�s� �w�o�r�n�,� �s�w�e�a�t� �a�m�o�u�n�t� �(�c�o�l�l�e�c�t�e�d� �o�n� 

�t�h�e� �l�e�f�t� �a�r�m� �f�r�o�m� �t�h�e� �b�e�g�i�n�n�i�n�g� �t�o� �t�h�e� �e�n�d� �o�f� �t�h�e� �e�x�e�r�c�i�s�e�)� �w�i�l�l� �b�e� �h�i�g�h�e�s�t� �i�n� �t�h�e� �g�a�r�m�e�n�t� 

�w�i�t�h� �a� �T�y�v�e�k�®� �s�l�e�e�v�e� �a�n�d� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�I�®� �s�l�e�e�v�e�,� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� 

�g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�l�e�e�v�e�,� �a�n�d� �t�h�e�n� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h�o�u�t� �a�n�y� �e�x�p�e�r�i�m�e�n�t�a�l� 

�s�l�e�e�v�e�.� 

�H�6�:� �W�h�e�n� �t�h�e� �T�y�v�e�k�®�-�c�o�v�e�r�a�l�l� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �i�s� �w�o�r�n� �o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� �a�n�d� 

�p�a�n�t�s�,� �s�w�e�a�t� �a�m�o�u�n�t� �(�c�o�l�l�e�c�t�e�d� �o�n� �t�h�e� �l�e�f�t� �a�r�m� �f�r�o�m� �t�h�e� �b�e�g�i�n�n�i�n�g� �t�o� �t�h�e� �e�n�d� �o�f� �t�h�e� 

�e�x�e�r�c�i�s�e�)� �w�i�l�l� �b�e� �h�i�g�h�e�s�t� �i�n� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �T�y�v�e�k�®� �s�l�e�e�v�e� �a�n�d� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� 

�P�r�o�/�S�h�i�e�l�d� �I�I�®� �s�l�e�e�v�e�,� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�l�e�e�v�e�.� 

�H�7�:� �W�h�e�n� �t�h�e� �T�-�s�h�i�r�t�/�p�a�n�t�s� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �i�s� �w�o�r�n�,� �s�u�b�j�e�c�t�s �� �w�e�t�n�e�s�s�-�s�e�n�s�a�t�i�o�n� 

�r�a�t�i�n�g�s� �c�a�l�l�e�d� �o�u�t� �b�y� �s�u�b�j�e�c�t�s� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �w�i�l�l� �b�e� �h�i�g�h�e�s�t� �i�n� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� 

�T�y�v�e�k�®� �s�l�e�e�v�e� �a�n�d� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�I�®� �s�l�e�e�v�e�,� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �g�a�r�m�e�n�t� 

�w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�l�e�e�v�e�,� �a�n�d� �t�h�e�n� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h�o�u�t� �a�n�y� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e�.� 

�H�8�:� �W�h�e�n� �t�h�e� �T�y�v�e�k�®�-�c�o�v�e�r�a�l�l� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �i�s� �w�o�r�n� �o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� �a�n�d� 

�p�a�n�t�s�,� �s�u�b�j�e�c�t�s �� �w�e�t�n�e�s�s�-�s�e�n�s�a�t�i�o�n� �r�a�t�i�n�g�s� �c�a�l�l�e�d� �o�u�t� �b�y� �s�u�b�j�e�c�t�s� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �w�i�l�l� �b�e� 

�h�i�g�h�e�s�t� �i�n� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �T�y�v�e�k�®� �s�l�e�e�v�e� �a�n�d� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�I�®� �s�l�e�e�v�e�,� 

�f�o�l�l�o�w�e�d� �b�y� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�l�e�e�v�e�.� 
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�H�9�:� �W�h�e�n� �t�h�e� �T�-�s�h�i�r�t�/�p�a�n�t�s� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �i�s� �w�o�r�n�,� �s�u�b�j�e�c�t�s �� �t�h�e�r�m�a�l�-�s�e�n�s�a�t�i�o�n� 

�r�a�t�i�n�g�s� �c�a�l�l�e�d� �o�u�t� �b�y� �s�u�b�j�e�c�t�s� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �w�i�l�l� �b�e� �h�i�g�h�e�s�t� �i�n� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� 

�T�y�v�e�k�®� �s�l�e�e�v�e� �a�n�d� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�I�®� �s�l�e�e�v�e�,� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �g�a�r�m�e�n�t� 

�w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�l�e�e�v�e�,� �a�n�d� �t�h�e�n� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h�o�u�t� �a�n�y� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e�.� 

�H�I�0�:� �W�h�e�n� �t�h�e� �T�y�v�e�k�®�-�c�o�v�e�r�a�l�l� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �i�s� �w�o�r�n� �o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� �a�n�d� 

�p�a�n�t�s�,� �s�u�b�j�e�c�t�s �� �t�h�e�r�m�a�l�-�s�e�n�s�a�t�i�o�n� �r�a�t�i�n�g�s� �c�a�l�l�e�d� �o�u�t� �b�y� �s�u�b�j�e�c�t�s� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �w�i�l�l� �b�e� 

�h�i�g�h�e�s�t� �i�n� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �T�y�v�e�k�®� �s�l�e�e�v�e� �a�n�d� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�I�®� �s�l�e�e�v�e�,� 

�f�o�l�l�o�w�e�d� �b�y� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�l�e�e�v�e�.� 

�H�1�1�:� �W�h�e�n� �t�h�e� �T�-�s�h�i�r�t�/�p�a�n�t�s� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �i�s� �w�o�r�n�,� �s�u�b�j�e�c�t�s �� �o�v�e�r�a�l�l� �c�o�m�f�o�r�t�-� 

�s�e�n�s�a�t�i�o�n� �r�a�t�i�n�g�s� �c�a�l�l�e�d� �o�u�t� �b�y� �s�u�b�j�e�c�t�s� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �w�i�l�l� �b�e� �h�i�g�h�e�s�t� �i�n� �t�h�e� �g�a�r�m�e�n�t� 

�w�i�t�h� �a� �T�y�v�e�k�®� �s�l�e�e�v�e� �a�n�d� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�I�®� �s�l�e�e�v�e�,� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� 

�g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�l�e�e�v�e�,� �a�n�d� �t�h�e�n� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h�o�u�t� �a�n�y� �e�x�p�e�r�i�m�e�n�t�a�l� 

�s�l�e�e�v�e�.� 

�H�1�2�:� �W�h�e�n� �t�h�e� �T�y�v�e�k�®�-�c�o�v�e�r�a�l�l� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �i�s� �w�o�r�n� �o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� �a�n�d� 

�p�a�n�t�s�,� �s�u�b�j�e�c�t�s �� �o�v�e�r�a�l�l� �c�o�m�f�o�r�t�-�s�e�n�s�a�t�i�o�n� �r�a�t�i�n�g�s� �c�a�l�l�e�d� �o�u�t� �b�y� �s�u�b�j�e�c�t�s� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e� 

�w�i�l�l� �b�e� �h�i�g�h�e�s�t� �i�n� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �T�y�v�e�k�®� �s�l�e�e�v�e� �a�n�d� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�I�®� 

�s�l�e�e�v�e�,� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�l�e�e�v�e�.� 

�R�a�t�i�o�n�a�l�e�:� 

�F�o�u�r�t� �a�n�d� �H�o�l�l�i�e�s� �(�1�9�7�0�)� �n�o�t�e�d� �t�h�a�t�,� �i�n� �h�o�t� �e�n�v�i�r�o�n�m�e�n�t�s�,� �t�h�e� �b�o�d�y� �l�o�s�e�s� �h�e�a�t� 

�m�a�i�n�l�y� �b�y� �e�v�a�p�o�r�a�t�i�o�n� �w�h�i�c�h� �i�s� �u�s�u�a�l�l�y� �a�c�c�o�m�p�a�n�i�e�d� �b�y� �s�w�e�a�t�i�n�g�.� �P�r�e�l�i�m�i�n�a�r�y� �t�e�s�t�s� �o�n� 

�t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �f�a�b�r�i�c�s� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �i�n�d�i�c�a�t�e� �t�h�a�t� �T�y�v�e�k�®� �a�n�d� �P�r�o�/�S�h�i�e�l�d� �I�I�®� �h�a�v�e� �t�h�e� 
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�s�a�m�e� �a�m�o�u�n�t� �o�f� �m�o�i�s�t�u�r�e� �v�a�p�o�r� �t�r�a�n�s�m�i�s�s�i�o�n� �a�n�d� �t�h�e� �s�a�m�e� �w�i�c�k�a�b�i�l�i�t�y�.� �P�r�o�/�S�h�i�e�l�d� �I�®�,� �o�n� 

�t�h�e� �o�t�h�e�r� �h�a�n�d�,� �t�r�a�n�s�f�e�r�s� �m�o�i�s�t�u�r�e� �v�a�p�o�r� �a�b�o�u�t� �1�.�5� �t�i�m�e�s� �f�a�s�t�e�r� �t�h�a�n� �e�i�t�h�e�r� �o�f� �t�h�o�s�e� �t�w�o�,� 

�a�n�d� �a�l�s�o� �h�a�s� �b�e�t�t�e�r� �w�i�c�k�a�b�i�l�i�t�y�.� �T�h�e�r�e�f�o�r�e�,� �i�n� �t�h�e� �t�e�s�t�s� �w�i�t�h� �s�u�b�j�e�c�t�s�,� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�h�o�u�l�d� 

�t�r�a�n�s�f�e�r� �a� �g�r�e�a�t�e�r� �a�m�o�u�n�t� �o�f� �h�e�a�t� �t�h�a�n� �w�o�u�l�d� �T�y�v�e�k�®� �a�n�d� �P�r�o�/�S�h�i�e�l�d� �I�I�®�,� �a�n�d� �s�h�o�u�l�d� �g�i�v�e� 

�r�e�s�u�l�t�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �l�o�w�e�r� �h�e�a�t� �l�o�a�d� �i�n� �t�h�e� �s�u�b�j�e�c�t�s� �t�h�a�n� �w�o�u�l�d� �e�i�t�h�e�r� �o�f� �t�h�o�s�e� �t�w�o� 

�f�a�b�r�i�c�s�.� �W�h�e�n� �s�u�b�j�e�c�t�s� �w�e�a�r� �o�n�l�y� �a� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s� �w�i�t�h�o�u�t� �a�n�y� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e�,� 

�h�e�a�t� �c�a�n� �t�r�a�n�s�f�e�r� �m�o�r�e� �f�r�e�e�l�y� �f�r�o�m� �t�h�e� �b�o�d�y� �t�o� �t�h�e� �o�u�t�s�i�d�e� �e�n�v�i�r�o�n�m�e�n�t� �o�n� �b�o�t�h� �a�r�m�s�.� 

�T�h�u�s�,� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �s�w�e�a�t� �a�m�o�u�n�t� �w�h�e�n� �w�e�a�r�i�n�g� �a� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s� �o�n�l�y� �s�h�o�u�l�d� 

�b�e� �t�h�e� �l�o�w�e�s�t�,� �a�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �o�t�h�e�r� �c�a�s�e�s�.� 

�H�y�p�o�t�h�e�s�e�s� �f�o�r� �o�b�j�e�c�t�i�v�e� �3�.� � � 

�H�1�3�:� �F�o�r� �a�n�y� �g�i�v�e�n� �t�i�m�e� �i�n�t�e�r�v�a�l�,� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �f�a�b�r�i�c� �o�r�d�e�r�,� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� 

�s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �m�e�a�s�u�r�e�d� �i�n� �t�h�e� �c�u�r�r�e�n�t� �s�t�u�d�y� �w�h�i�l�e� �s�u�b�j�e�c�t�s� �e�x�e�r�c�i�s�e�d� �i�n� �e�i�t�h�e�r� �t�h�e� �T�-� 

�s�h�i�r�t�/�p�a�n�t�s� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �o�r� �t�h�e� �T�y�v�e�k�®�-�c�o�v�e�r�a�l�l� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� �a�n�d� 

�p�a�n�t�s�,� �w�i�l�l� �b�e� �t�h�e� �s�a�m�e� �a�s� �t�h�e� �o�r�d�e�r� �r�e�g�a�r�d�i�n�g� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �o�b�s�e�r�v�e�d� �b�y� �H�e�n�n�e�s�s�e�y� 

�(�1�9�9�7�)�.� 

�1�4�:� �T�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �f�a�b�r�i�c� �o�r�d�e�r�,� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �s�w�e�a�t� �a�m�o�u�n�t� �c�o�l�l�e�c�t�e�d� �i�n� �t�h�e� 

�c�u�r�r�e�n�t� �s�t�u�d�y� �f�r�o�m� �t�h�e� �b�e�g�i�n�n�i�n�g� �t�o� �t�h�e� �e�n�d� �o�f� �t�h�e� �e�x�e�r�c�i�s�e� �i�n� �e�i�t�h�e�r� �t�h�e� �T�-�s�h�i�r�t�/�p�a�n�t�s� 

�s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �o�r� �t�h�e� �T�y�v�e�k�®�-�c�o�v�e�r�a�l�l� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s�,� �w�i�l�l� 

�b�e� �t�h�e� �s�a�m�e� �a�s� �t�h�e� �f�a�b�r�i�c� �o�r�d�e�r� �r�e�g�a�r�d�i�n�g� �s�w�e�a�t� �a�m�o�u�n�t� �o�b�s�e�r�v�e�d� �b�y� �H�e�n�n�e�s�s�e�y� �(�1�9�9�7�)�.� 

�5�0



�R�a�t�i�o�n�a�l�e�:� 

�B�a�s�e�d� �u�p�o�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �r�e�v�i�e�w�,� �s�o�m�e� �s�t�u�d�i�e�s� �i�n� �c�l�o�t�h�i�n�g� �c�o�m�f�o�r�t� �u�s�e�d� �g�a�r�m�e�n�t� 

�p�a�r�t�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �i�n� �a�r�m� �a�r�e�a�s�,� �i�n�s�t�e�a�d� �o�f� �f�u�l�l� �g�a�r�m�e�n�t�s� �t�o� �a�s�s�e�s�s� �c�o�m�f�o�r�t�.� �Z�i�m�m�e�r�e�r�,� 

�L�a�w�s�o�n�,� �a�n�d� �C�a�l�v�e�r�t� �(�1�9�8�6�)� �n�o�t�e�d� �t�h�e� �r�e�l�i�a�b�i�l�i�t�y� �o�f� �a�r�m�s� �a�s� �t�e�s�t� �s�i�t�e�s� �f�o�r� �s�k�i�n� �s�e�n�s�a�t�i�o�n� 

�a�s�s�e�s�s�m�e�n�t�.� �H�y�u�n�,� �H�o�l�l�i�e�s� �a�n�d� �S�p�i�v�a�k� �(�1�9�9�0�)� �s�h�o�w�e�d� �t�h�e� �u�s�e�f�u�l�n�e�s�s� �o�f� �u�s�i�n�g� �s�l�e�e�v�e�s� �i�n� 

�p�e�r�c�e�p�t�u�a�l� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �c�l�o�t�h�i�n�g� �c�o�m�f�o�r�t�.� �D�u�e� �t�o� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �u�s�i�n�g� �a�r�m�s� �f�o�r� 

�p�e�r�c�e�p�t�u�a�l� �a�s�s�e�s�s�m�e�n�t� �o�f� �c�l�o�t�h�i�n�g� �c�o�m�f�o�r�t� �i�n� �t�h�o�s�e� �a�n�d� �o�t�h�e�r� �p�r�e�v�i�o�u�s� �s�t�u�d�i�e�s�,� �i�t� �w�a�s� 

�e�x�p�e�c�t�e�d� �t�h�a�t� �a�r�m�s� �w�i�t�h� �p�r�o�t�e�c�t�i�v�e� �s�l�e�e�v�e�s� �w�o�u�l�d� �y�i�e�l�d� �t�h�e� �s�a�m�e� �r�a�n�k� �o�r�d�e�r� �o�f� �r�e�s�p�o�n�s�e�s� 

�t�o� �h�e�a�t� �l�o�a�d� �a�s� �w�o�u�l�d� �t�h�e� �t�r�u�n�k� �w�i�t�h� �a� �f�u�l�l� �p�r�o�t�e�c�t�i�v�e� �g�a�r�m�e�n�t�,� �w�h�e�n� �e�n�v�i�r�o�n�m�e�n�t� �a�n�d� 

�w�o�r�k� �r�a�t�e� �a�r�e� �c�o�n�t�r�o�l�l�e�d�.� 

�P�a�r�s�o�n�s� �(�1�9�9�3�)� �m�a�i�n�t�a�i�n�e�d� �t�h�a�t�,� �a�l�t�h�o�u�g�h� �s�u�b�j�e�c�t�i�v�e� �m�e�t�h�o�d�s� �a�r�e� �e�a�s�y� �t�o� �u�s�e� �t�o� 

�c�o�l�l�e�c�t� �d�a�t�a� �o�n� �p�s�y�c�h�o�l�o�g�i�c�a�l� �r�e�s�p�o�n�s�e�s�,� �t�h�e�y� �s�h�o�u�l�d� �n�o�t� �b�e� �u�s�e�d� �a�s� �p�r�i�m�a�r�y� �m�e�a�s�u�r�e�s� �o�f� 

�t�h�e�r�m�a�l� �s�t�r�a�i�n�.� �I�n� �s�e�v�e�r�e� �c�o�n�d�i�t�i�o�n�s�,� �t�h�e� �a�b�i�l�i�t�y� �o�f� �a� �p�e�r�s�o�n� �t�o� �m�a�k�e� �a� �r�a�t�i�o�n�a�l� �j�u�d�g�m�e�n�t� 

�m�a�y� �b�e� �i�m�p�a�i�r�e�d�.� �T�h�e�r�e�f�o�r�e�,� �s�w�e�a�t� �a�m�o�u�n�t� �a�n�d� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �w�e�r�e� �c�h�o�s�e�n� �o�v�e�r� 

�s�u�b�j�e�c�t�i�v�e� �e�v�a�l�u�a�t�i�o�n� �s�c�a�l�e�s� �a�s� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �t�o� �c�o�m�p�a�r�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �c�u�r�r�e�n�t� �s�t�u�d�y� �w�i�t�h� �|� 

�r�e�s�u�l�t�s� �o�f� �H�e�n�n�e�s�s�e�y� �(�1�9�9�7�)�.� 

�R�e�s�e�a�r�c�h� �A�s�s�u�m�p�t�i�o�n�s� 

�T�h�e� �f�o�l�l�o�w�i�n�g� �a�s�s�u�m�p�t�i�o�n�s� �w�e�r�e� �m�a�d�e� �i�n� �c�o�n�d�u�c�t�i�n�g� �t�h�e� �r�e�s�e�a�r�c�h�.� 

�1�)� �T�h�e� �s�a�m�e� �m�i�n�i�m�u�m� �l�e�v�e�l� �o�f� �p�h�y�s�i�c�a�l� �f�i�t�n�e�s�s� �a�c�r�o�s�s� �t�h�e� �r�e�s�e�a�r�c�h� �s�u�b�j�e�c�t�s� 

�r�e�s�u�l�t�e�d� �f�r�o�m� �t�h�e� �s�u�b�j�e�c�t�s �� �s�e�l�e�c�t�i�o�n� �t�h�r�o�u�g�h� �s�c�r�e�e�n�i�n�g� �w�i�t�h� �t�h�e� �h�e�a�l�t�h� �q�u�e�s�t�i�o�n�n�a�i�r�e�.� 
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�2�)� �T�h�e�r�e� �i�s� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �v�a�r�i�a�t�i�o�n� �a�m�o�n�g� �t�h�e� �s�u�b�j�e�c�t�s� �i�n� �t�h�e� �e�s�t�i�m�a�t�e�d� �w�o�r�k� �r�a�t�e�s� 

�o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �P�W�C� �t�e�s�t� �o�n� �e�a�c�h�.� 

�3�)� �L�o�s�s� �o�f� �s�w�e�a�t� �d�u�e� �t�o� �e�v�a�p�o�r�a�t�i�o�n� �t�h�r�o�u�g�h� �a� �s�w�e�a�t� �p�a�t�c�h� �i�s� �n�e�g�l�i�g�i�b�l�e�.� 

�4�)� �A�m�o�u�n�t� �o�f� �s�w�e�a�t� �a�t� �r�e�s�t� �i�s� �m�i�n�i�m�a�l� �a�n�d� �c�a�n� �b�e� �i�g�n�o�r�e�d�.� 

�5�)� �B�e�c�a�u�s�e� �a�l�l� �t�r�i�a�l�s� �a�r�e� �p�e�r�f�o�r�m�e�d� �i�n� �a�n� �e�n�v�i�r�o�n�m�e�n�t�a�l�l�y� �c�o�n�t�r�o�l�l�e�d� �r�o�o�m�,� �t�h�e�r�e� 

�a�r�e� �n�o� �e�x�t�r�a�n�e�o�u�s� �v�a�r�i�a�b�l�e�s� �d�u�e� �t�o� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s�.� 

�6�)� �M�a�c�h�i�n�e� �a�n�d� �o�p�e�r�a�t�o�r� �e�r�r�o�r�s� �a�r�e� �o�f� �a� �r�a�n�d�o�m� �n�a�t�u�r�e�,� �a�n�d� �a�l�l� �i�n�s�t�r�u�m�e�n�t�s� �u�s�e�d� 

�f�o�r� �t�h�i�s� �r�e�s�e�a�r�c�h� �y�i�e�l�d� �a�c�c�u�r�a�t�e� �a�n�d� �c�o�n�s�i�s�t�e�n�t� �r�e�s�u�l�t�s�.� 

�7�)� �F�a�b�r�i�c�s� �u�s�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �a�r�e� �c�o�n�s�i�s�t�e�n�t� �t�h�r�o�u�g�h� �t�h�e� �l�o�t� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� 

�p�h�y�s�i�c�a�l� �p�r�o�p�e�r�t�i�e�s�,� �a�n�d� �a�n�y� �v�a�r�i�a�t�i�o�n�s� �i�n� �t�h�e�s�e� �p�r�o�p�e�r�t�i�e�s� �t�h�a�t� �m�a�y� �e�x�i�s�t� �i�n� �t�h�e� �f�a�b�r�i�c�s� �a�r�e� 

�o�f� �r�a�n�d�o�m� �o�c�c�u�r�r�e�n�c�e�.� 

�R�e�s�e�a�r�c�h� �L�i�m�i�t�a�t�i�o�n�s� 
� � 

�1�)� �W�i�t�h� �t�h�e� �a�i�m� �o�f� �m�i�n�i�m�i�z�i�n�g� �e�x�p�e�r�i�m�e�n�t�a�l� �r�i�s�k�s�,� �t�h�e� �p�h�y�s�i�c�a�l� �w�o�r�k� �c�a�p�a�c�i�t�y� �t�e�s�t� 

�(�P�W�C�)� �i�s� �u�s�e�d�,� �i�n�s�t�e�a�d� �o�f� �t�h�e� �m�a�x�i�m�a�l� �t�e�s�t�,� �t�o� �a�s�s�e�s�s� �m�a�x�i�m�a�l� �o�x�y�g�e�n� �c�o�n�s�u�m�p�t�i�o�n� �o�f� 

�s�u�b�j�e�c�t�s� �f�o�r� �e�s�t�i�m�a�t�i�n�g� �w�o�r�k� �r�a�t�e� �a�t� �4�0�%� �o�f� �m�a�x�i�m�a�l� �o�x�y�g�e�n� �c�o�n�s�u�m�p�t�i�o�n� �(�V�O�,�m�a�x�)�.� 

�2�)� �S�u�b�j�e�c�t�s� �a�r�e� �o�n�l�y� �i�n� �t�h�e� �a�g�e� �r�a�n�g�e� �o�f� �1�8� �a�n�d� �2�8� �y�e�a�r�s�.� 

�3�)� �T�h�e� �n�u�m�b�e�r� �o�f� �t�r�i�a�l�s� �p�e�r�f�o�r�m�e�d� �b�y� �e�a�c�h� �s�u�b�j�e�c�t� �p�e�r� �d�a�y� �i�s� �l�i�m�i�t�e�d� �t�o� �o�n�e� �t�o� 

�p�r�e�v�e�n�t� �e�x�h�a�u�s�t�i�o�n� �a�n�d� �h�e�a�t� �d�i�s�o�r�d�e�r� �o�f� �s�u�b�j�e�c�t�s�.� 

�4�)� �T�h�e� �r�e�s�u�l�t�s� �a�r�e� �n�o�t� �g�e�n�e�r�a�l�i�z�a�b�l�e� �t�o� �o�t�h�e�r� �g�a�r�m�e�n�t� �p�a�r�t�s� �b�e�y�o�n�d� �t�h�e� �s�l�e�e�v�e�,� 

�w�h�i�c�h� �i�s� �t�h�e� �p�a�r�t� �u�s�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h�.� 
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�C�H�A�P�T�E�R� �I�V� 

�E�X�P�E�R�I�M�E�N�T�A�L� �M�E�T�H�O�D�S� 

�T�h�i�s� �s�t�u�d�y� �e�x�a�m�i�n�e�d� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� �o�f� �u�s�i�n�g� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e�s�,� �i�n�s�t�e�a�d� �o�f� �f�u�l�l� 

�g�a�r�m�e�n�t�s�,� �f�o�r� �a�s�s�e�s�s�i�n�g� �r�e�s�e�a�r�c�h� �s�u�b�j�e�c�t�s �� �t�h�e�r�m�a�l� �c�o�m�f�o�r�t� �a�n�d� �h�e�a�t� �s�t�r�a�i�n� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�w�e�a�r�i�n�g� �c�h�e�m�i�c�a�l� �p�r�o�t�e�c�t�i�v�e� �g�a�r�m�e�n�t�s�.� �I�n� �o�r�d�e�r� �t�o� �t�e�s�t� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� �o�f� �u�s�i�n�g� �s�l�e�e�v�e�s� �i�n� 

�t�h�e�r�m�a�l� �c�o�m�f�o�r�t� �a�s�s�e�s�s�m�e�n�t�,� �s�o�m�e� �r�e�s�u�l�t�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�i�s� �s�t�u�d�y� �w�e�r�e� �c�o�m�p�a�r�e�d� �w�i�t�h� 

�r�e�s�u�l�t�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �H�e�n�n�e�s�s�e�y ��s� �(�1�9�9�7�)� �s�t�u�d�y�;� �H�e�n�n�e�s�s�e�y� �u�s�e�d� �t�h�e� �s�a�m�e� �e�x�p�e�r�i�m�e�n�t�a�l� 

�p�r�o�t�o�c�o�l� �a�n�d� �t�h�e� �s�a�m�e� �t�e�s�t� �f�a�b�r�i�c�s�,� �b�u�t� �e�x�p�e�r�i�m�e�n�t�a�l� �f�a�b�r�i�c�s� �w�e�r�e� �a�s�s�e�m�b�l�e�d� �i�n� �c�o�v�e�r�a�l�l�s� 

�r�a�t�h�e�r� �t�h�a�n� �s�l�e�e�v�e�s� �o�n�l�y�.� 

�T�e�n� �m�a�l�e� �s�u�b�j�e�c�t�s� �w�e�r�e� �s�e�l�e�c�t�e�d� �t�h�r�o�u�g�h� �a� �h�e�a�l�t�h� �q�u�e�s�t�i�o�n�n�a�i�r�e� �t�o� �p�a�r�t�i�c�i�p�a�t�e� �i�n� �a� 

�t�o�t�a�l� �o�f� �s�e�v�e�n� �t�r�i�a�l�s� �e�a�c�h�.� �I�n� �e�a�c�h� �t�r�i�a�l�,� �t�h�e� �s�u�b�j�e�c�t� �w�a�s� �r�a�n�d�o�m�l�y� �a�s�s�i�g�n�e�d� �t�o� �p�u�t� �o�n� �a� 

�s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t�,� �w�i�t�h� �o�r� �w�i�t�h�o�u�t� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e� �o�n� �t�h�e� �l�e�f�t� �a�r�m�,� �b�e�f�o�r�e� �e�n�t�e�r�i�n�g� 

�t�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l�l�y� �c�o�n�t�r�o�l�l�e�d� �r�o�o�m� �(�8�6�°�F�,� �6�0�%�R�H�)�.� �O�n�c�e� �i�n� �t�h�e� �r�o�o�m�,� �t�h�e� �s�u�b�j�e�c�t� 

�r�e�s�t�e�d� �f�o�r� �3�0� �m�i�n�u�t�e�s� �a�n�d� �t�h�e�n� �p�e�d�a�l�e�d� �o�n� �a� �s�t�a�t�i�o�n�a�r�y� �b�i�c�y�c�l�e� �f�o�r� �4�5� �m�i�n�u�t�e�s� �a�t� �t�h�e� 

�i�n�t�e�n�s�i�t�y� �o�f� �a�b�o�u�t� �4�0�%� �o�f� �h�i�s� �m�a�x�i�m�a�l� �o�x�y�g�e�n� �c�o�n�s�u�m�p�t�i�o�n� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �p�h�y�s�i�c�a�l� 

�w�o�r�k� �c�a�p�a�c�i�t�y� �t�e�s�t�.� �H�e�a�r�t� �r�a�t�e�,� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�,� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e�,� �t�h�e� �r�a�t�i�n�g� �o�f� �p�e�r�c�e�i�v�e�d� 

�c�o�m�f�o�r�t�,� �a�n�d� �t�h�e� �r�a�t�i�n�g� �o�f� �p�e�r�c�e�i�v�e�d� �e�x�e�r�t�i�o�n� �w�e�r�e� �t�a�k�e�n� �e�v�e�r�y� �f�i�v�e� �m�i�n�u�t�e�s� �t�h�r�o�u�g�h�o�u�t� 

�e�a�c�h� �e�x�e�r�c�i�s�e� �s�e�s�s�i�o�n�.� �S�w�e�a�t� �a�m�o�u�n�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �a�t� �t�h�e� �e�n�d� �o�f� �t�h�e� �s�e�s�s�i�o�n�.� �H�e�a�r�t� �r�a�t�e�,� 

�b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e�,� �a�n�d� �r�a�t�i�n�g� �o�f� �p�e�r�c�e�i�v�e�d� �e�x�e�r�t�i�o�n� �s�e�r�v�e�d� �a�s� �s�a�f�e�g�u�a�r�d�s� �t�o� �p�r�e�v�e�n�t� 
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�s�u�b�j�e�c�t�s� �f�r�o�m� �e�x�h�a�u�s�t�i�o�n�.� �D�a�t�a� �w�e�r�e� �a�n�a�l�y�z�e�d� �b�y� �r�e�p�e�a�t�e�d� �m�e�a�s�u�r�e�s� �d�e�s�i�g�n� �a�n�d� �b�y� 

�r�a�n�d�o�m�i�z�e�d� �c�o�m�p�l�e�t�e� �b�l�o�c�k� �d�e�s�i�g�n�.� 

�T�h�e� �c�o�n�t�e�n�t�s� �o�f� �t�h�i�s� �c�h�a�p�t�e�r� �i�n�c�l�u�d�e� �d�e�t�a�i�l�s� �o�n� �s�u�b�j�e�c�t�s�,� �t�h�e� �t�e�s�t� �e�n�v�i�r�o�n�m�e�n�t�,� 

�f�a�b�r�i�c�s� �a�n�d� �t�e�s�t� �s�p�e�c�i�m�e�n�s�,� �e�x�p�e�r�i�m�e�n�t�a�l� �t�r�i�a�l�s� �a�n�d� �g�a�r�m�e�n�t�s� �w�o�r�n� �i�n� �e�a�c�h� �t�r�i�a�l�,� 

�e�x�p�e�r�i�m�e�n�t�a�l� �p�r�o�c�e�d�u�r�e�,� �a�n�d� �d�a�t�a� �a�n�a�l�y�s�i�s�.� �-� 

�S�u�b�j�e�c�t�s� 

�M�a�l�e� �s�t�u�d�e�n�t�s� �a�t� �V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y� �w�e�r�e� 

�r�e�c�r�u�i�t�e�d� �a�s� �v�o�l�u�n�t�e�e�r�s� �t�o� �p�a�r�t�i�c�i�p�a�t�e� �i�n� �t�h�e� �s�t�u�d�y�.� �T�h�e� �r�e�a�s�o�n�s� �f�o�r� �u�s�i�n�g� �o�n�l�y� �m�a�l�e� 

�s�u�b�j�e�c�t�s� �w�e�r�e� �a�)� �r�e�d�u�c�t�i�o�n� �o�f� �e�x�t�r�a�n�e�o�u�s� �v�a�r�i�a�b�l�e�s�,� �o�r� �e�l�i�m�i�n�a�t�i�o�n� �o�f� �v�a�r�i�a�t�i�o�n�s�,� �d�u�e� �t�o� 

�s�e�x�-�r�e�l�a�t�e�d� �d�i�f�f�e�r�e�n�c�e� �i�n� �p�h�y�s�i�o�l�o�g�i�c�a�l� �f�a�c�t�o�r�s� �a�n�d� �i�n� �p�h�y�s�i�c�a�l� �p�e�r�f�o�r�m�a�n�c�e�;� �a�n�d� �b�)� �m�a�l�e�s� 

�a�r�e� �t�h�e� �m�a�j�o�r� �u�s�e�r�s� �o�f� �c�h�e�m�i�c�a�l� �p�r�o�t�e�c�t�i�v�e� �c�l�o�t�h�i�n�g�.� �T�h�e� �f�i�r�s�t� �c�o�n�t�a�c�t� �w�i�t�h� �t�h�e� �v�o�l�u�n�t�e�e�r�s� 

�w�a�s� �m�a�d�e� �b�y� �p�o�s�t�i�n�g� �f�l�y�e�r�s� �a�r�o�u�n�d� �c�a�m�p�u�s�.� �I�n�i�t�i�a�l� �c�r�i�t�e�r�i�a� �f�o�r� �s�e�l�e�c�t�i�n�g� �s�u�b�j�e�c�t�s� �w�e�r�e� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �r�a�n�g�e�s� �o�f� �a�g�e�,� �h�e�i�g�h�t�,� �a�n�d� �w�e�i�g�h�t�,� �r�e�s�p�e�c�t�i�v�e�l�y�:� �1�8�-�2�8� �y�e�a�r�s�,� �6�7�-�7�0� �i�n�c�h�e�s�,� �a�n�d� 

�1�5�0�-�1�8�0� �p�o�u�n�d�s�.� 

�T�h�e� �v�o�l�u�n�t�e�e�r�s� �w�e�r�e� �s�c�r�e�e�n�e�d� �f�o�r� �h�e�a�l�t�h� �i�s�s�u�e�s� �u�s�i�n�g� �t�h�e� �q�u�e�s�t�i�o�n�n�a�i�r�e� �s�h�o�w�n� �i�n� 

�A�p�p�e�n�d�i�x� �B�,� �w�h�i�c�h� �w�a�s� �d�e�v�e�l�o�p�e�d� �f�r�o�m� �t�h�e� �P�h�y�s�i�c�a�l� �A�c�t�i�v�i�t�y� �R�e�a�d�i�n�e�s�s� �Q�u�e�s�t�i�o�n�n�a�i�r�e� 

�(�P�A�R�-�Q�)� �(�P�o�w�e�r�s� �&� �H�o�w�l�e�y�,� �1�9�9�4�)�.� �S�u�b�j�e�c�t� �s�e�l�e�c�t�i�o�n� �f�r�o�m� �t�h�e� �h�e�a�l�t�h� �s�c�r�e�e�n�i�n�g� �r�e�q�u�i�r�e�d� 

�t�h�a�t� �a�)� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �a�n�s�w�e�r�  ��Y�e�s �� �t�o� �q�u�e�s�t�i�o�n�s� �1�-�4� �a�n�d�  ��N�o �� �t�o� �q�u�e�s�t�i�o�n�s� �6�-�1�4�;� �a�n�d� �b�)� 

�h�i�s� �a�n�s�w�e�r� �t�o� �q�u�e�s�t�i�o�n� �5� �i�n�c�l�u�d�e� �n�o� �s�i�g�n�s� �o�r� �s�y�m�p�t�o�m�s� �o�f� �h�e�a�t� �i�l�l�n�e�s�s�,� �o�r� �h�e�a�r�t� �o�r� �l�u�n�g� 

�d�i�s�e�a�s�e�.� 
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�O�n�e� �w�e�e�k� �p�r�i�o�r� �t�o� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�,� �t�h�e� �s�u�b�j�e�c�t�s� �w�e�r�e� �g�i�v�e�n� �a�n� 

�e�x�p�l�a�n�a�t�i�o�n� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �b�e�f�o�r�e� �g�i�v�i�n�g� �t�h�e�i�r� �w�r�i�t�t�e�n� �i�n�f�o�r�m�e�d� �c�o�n�s�e�n�t�(�A�p�p�e�n�d�i�x� �C�)�.� 

�T�h�e�y� �w�e�r�e� �o�r�i�e�n�t�e�d� �t�o� �t�h�e� �e�q�u�i�p�m�e�n�t� �a�n�d� �t�h�e� �p�r�o�c�e�d�u�r�e�s� �u�s�e�d� �i�n� �t�h�e� �e�x�p�e�r�i�m�e�n�t�.� �A�t� �e�a�c�h� 

�v�i�s�i�t�,� �o�f� �a� �t�o�t�a�l� �o�f� �e�i�g�h�t� �t�r�i�a�l�s� �p�e�r� �s�u�b�j�e�c�t� �i�n�c�l�u�d�i�n�g� �t�h�e� �p�h�y�s�i�c�a�l� �w�o�r�k� �c�a�p�a�c�i�t�y� �t�e�s�t�,� �t�h�e� 

�s�u�b�j�e�c�t�s� �s�i�g�n�e�d� �t�h�e� �i�n�f�o�r�m�e�d� �c�o�n�s�e�n�t� �f�o�r�m�.� 

�T�a�b�l�e� �2� �s�u�m�m�a�r�i�z�e�s� �t�h�e� �a�n�t�h�r�o�p�o�m�e�t�r�i�c� �d�a�t�a�,� �a�g�e� �a�n�d� �n�a�t�i�o�n�a�l�i�t�y�,� �a�n�d� �w�o�r�k� �r�a�t�e�s� 

�o�f� �t�h�e� �t�e�s�t� �s�u�b�j�e�c�t�s�.� 

�E�n�v�i�r�o�n�m�e�n�t� 

�T�h�e� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �c�o�n�d�u�c�t�e�d�,� �f�r�o�m� �J�u�n�e� �t�o� �A�u�g�u�s�t� �1�9�9�6�,� �i�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l�l�y� 

�c�o�n�t�r�o�l�l�e�d� �l�a�b�o�r�a�t�o�r�y� �i�n� �t�h�e� �D�e�p�a�r�t�m�e�n�t� �o�f� �C�l�o�t�h�i�n�g� �a�n�d� �T�e�x�t�i�l�e�s� �a�t� �V�i�r�g�i�n�i�a� �T�e�c�h�.� �T�o� 

�e�n�a�b�l�e� �c�o�m�p�a�r�i�s�o�n� �w�i�t�h� �t�h�e� �r�e�s�u�l�t�s� �o�f� �H�e�n�n�e�s�s�e�y ��s� �(�1�9�9�7�)� �s�t�u�d�y�,� �t�h�e� �t�e�s�t� �e�n�v�i�r�o�n�m�e�n�t� 

�w�a�s� �s�e�t� �a�t� �8�6�°�F�,� �t�h�e� �a�v�e�r�a�g�e� �d�a�i�l�y� �m�a�x�i�m�a�l� �t�e�m�p�e�r�a�t�u�r�e� �i�n� �R�o�a�n�o�k�e�,� �V�i�r�g�i�n�i�a� �(�N�O�A�A�,� 

�1�9�9�0�-�1�9�9�2�)�,� �a�n�d� �6�0�%� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �(�R�H�)�,� �t�h�e� �a�v�e�r�a�g�e� �h�u�m�i�d�i�t�y� �a�t� �1�:�0�0� �p�.�m�.� �e�a�s�t�e�r�n� 

�s�t�a�n�d�a�r�d� �t�i�m�e� �i�n� �R�o�a�n�o�k�e� �(�N�O�A�A�,� �1�9�9�0�-�1�9�9�2�)�.� �T�h�e� �c�o�n�d�i�t�i�o�n�s� �o�f� �t�h�i�s� �r�o�o�m� �w�e�r�e� 

�c�o�n�t�r�o�l�l�e�d� �f�r�o�m� �t�h�e� �P�h�y�s�i�c�a�l� �P�l�a�n�t� �o�f� �V�i�r�g�i�n�i�a� �T�e�c�h�.� �A� �p�o�r�t�a�b�l�e� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� 

�h�u�m�i�d�i�t�y� �r�e�c�o�r�d�e�r� �w�a�s� �u�s�e�d� �t�o� �m�e�a�s�u�r�e� �a�n�d� �r�e�c�o�r�d� �t�h�e� �c�o�n�d�i�t�i�o�n�s�.� 

�E�q�u�i�p�m�e�n�t� 

�T�h�e� �P�o�c�k�e�t�-�P�o�l�y�g�r�a�p�h!"� �V�i�t�a�l�o�g� �H�M�S�-�5�0�0�0� �(�V�i�t�a�l�o�g� �R�e�s�p�i�r�o�n�i�c�s� �I�n�c�.�,� �R�e�d�w�o�o�d�,� 

�C�A�)�,� �a� �p�h�y�s�i�o�l�o�g�i�c�a�l� �m�o�n�i�t�o�r�i�n�g� �a�n�d� �a�c�t�u�a�t�i�n�g� �s�y�s�t�e�m�,� �w�a�s� �u�s�e�d� �f�o�r� �m�e�a�s�u�r�i�n�g� �a�n�d� 
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�T�a�b�l�e� �2� 

�A�n�t�h�r�o�p�o�m�e�t�r�i�c� �d�a�t�a�,� �a�g�e� �a�n�d� �n�a�t�i�o�n�a�l�i�t�y�,� �a�n�d� �w�o�r�k� �r�a�t�e�s� �f�o�r� �t�e�s�t� �s�u�b�j�e�c�t�s� 

� � 

� � 

�S�u�b�j�e�c�t� �A�g�e� �H�e�i�g�h�t� �W�e�i�g�h�t� �N�a�t�i�o�n�a�l�i�t�y� �W�o�r�k� �r�a�t�e� 

�(�y�e�a�r�s�)� �(�i�n�c�h�e�s�)� �(�I�b�s�)� �(�w�a�t�t�s�)� 

�]� �2�4� �7�0�.�0�0� �1�7�2� �A�f�r�i�c�a�n�-�A�m�e�r�i�c�a�n� �8�0� 

�2� �2�8� �6�7�.�2�5� �1�6�0� �T�h�a�i� �7�5� 

�3� �2�0� �6�7�.�2�5� �1�5�8� �J�a�p�a�n�e�s�e� �8�0� 

�4� �1�9� �7�1�.�2�5� �1�8�0� �T�h�a�i� �8�4� 

�5� �2�3� �7�0�.�5�0� �1�6�0� �T�h�a�i� �7�3� 

�6� �2�3� �6�7�.�2�5� �1�5�9� �T�h�a�i� �6�5� 

�7� �2�6� �7�0�.�0�0� �1�6�8� �T�h�a�i� �6�4� 

�8� �2�5� �6�7�.�0�0� �1�5�9� �K�o�r�e�a�n� �6�4� 

�9� �2�7� �6�7�.�0�0� �1�7�4� �T�h�a�i� �6�3� 

�1�0� �2�7� �6�7�.�0�0� �1�5�7� �T�h�a�i� �6�2� 

� 



�r�e�c�o�r�d�i�n�g� �s�u�b�j�e�c�t�s �� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �h�e�a�r�t� �r�a�t�e�.� �B�o�d�y� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �m�e�a�s�u�r�e�d� �b�y� 

�a� �F�l�e�x�i�b�l�e!"� �o�r�a�l�,� �d�i�g�i�t�a�l� �t�h�e�r�m�o�m�e�t�e�r� �(�B�e�c�t�o�n� �D�i�c�k�i�n�s�o�n� �a�n�d� �C�o�m�p�a�n�y�,� �F�r�a�n�k�i�n� �L�a�k�e�s�,� 

�N�J�)�.� 

�S�c�h�w�i�n�n!"� �A�i�r�d�y�n�e� �W�i�n�d�s�p�r�i�n�t� �(�S�c�h�w�i�n�n�,� �B�o�u�l�d�e�r�,� �C�O�)�,� �a� �s�t�a�t�i�o�n�a�r�y� �e�r�g�o�m�e�t�e�r�,� 

�s�e�r�v�e�d� �a�s� �t�h�e� �e�x�e�r�c�i�s�e� �t�o�o�l�.� �T�h�e� �p�e�d�a�l�i�n�g� �r�e�s�i�s�t�a�n�c�e� �c�o�u�l�d� �b�e� �a�d�j�u�s�t�e�d� �i�n� �t�h�r�e�e� �l�e�v�e�l�s�.� 

�P�o�w�e�r�s�,� �o�r� �w�o�r�k� �r�a�t�e�s�,� �s�h�o�w�n� �o�n� �t�h�e� �p�a�n�e�l� �w�e�r�e� �e�x�p�r�e�s�s�e�d� �i�n� �b�o�t�h� �w�a�t�t�s� �a�n�d� �k�i�l�o�p�o�n�d�-� 

�m�e�t�e�r�/�m�i�n�u�t�e� �(�k�p�m�/�m�i�n�.�)�.� �T�h�e� �r�i�d�e�r ��s� �c�a�d�e�n�c�e� �o�f� �p�e�d�a�l�i�n�g� �a�l�s�o� �w�a�s� �s�h�o�w�n� �o�n� �t�h�e� �p�a�n�e�l�.� 

�A� �m�e�t�r�o�n�o�m�e� �w�a�s� �e�m�p�l�o�y�e�d� �t�o� �p�r�o�v�i�d�e� �a� �p�e�d�a�l�i�n�g� �c�a�d�e�n�c�e� �w�h�i�c�h� �r�e�s�u�l�t�e�d� �i�n� �e�a�c�h� 

�s�u�b�j�e�c�t ��s� �t�a�r�g�e�t� �w�o�r�k� �r�a�t�e� �i�n� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �t�r�a�i�l�s�.� 

�T�h�e� �s�w�e�a�t� �p�a�t�c�h� �u�s�e�d� �i�n� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �a�s�s�e�m�b�l�e�d� �w�i�t�h� �t�h�r�e�e� �l�a�y�e�r�s�:� �a� 

�n�o�n�a�d�h�e�r�i�n�g� �d�r�e�s�s�i�n�g� �(�T�e�g�a�d�e�r�m!"�,� �3�M� �H�e�a�l�t�h� �C�a�r�e�,� �S�t�.� �P�a�u�l�,� �M�N�)� �m�a�d�e� �o�f� 

�p�o�l�y�u�r�e�t�h�a�n�e� �a�n�d� �a�c�r�y�l�a�t�e� �a�d�h�e�s�i�v�e�s�;� �a� �r�e�l�e�a�s�e� �l�i�n�e�r� �o�f� �S�a�r�a�n� �W�r�a�p�®� �p�o�l�y�v�i�n�y�l�i�d�e�n�e� 

�c�h�l�o�r�i�d�e� �f�i�l�m�;� �a�n�d� �a� �s�w�e�a�t� �c�o�l�l�e�c�t�i�o�n� �p�a�d�,� �a� �m�e�d�i�c�a�l� �g�r�a�d�e� �c�e�l�l�u�l�o�s�e� �b�l�o�t�t�e�r� �(�H�e�r�m�i�t�a�g�e!"� 

�P�o�l�y� �P�a�d�s� �b�y� �H�e�r�m�i�t�a�g�e� �H�o�s�p�i�t�a�l�,� �N�i�a�n�t�i�c�,� �C�T�)�.� �T�h�e� �c�o�l�l�e�c�t�i�o�n� �p�a�d�s� �a�n�d� �t�h�e� �S�a�r�a�n� �W�r�a�p� 

�w�e�r�e� �c�u�t� �i�n�t�o� �s�q�u�a�r�e�s� �o�f� �2�.�5� �c�m �� �(�o�n�e�-�i�n�c�h� �s�q�u�a�r�e�)�.� �F�i�g�u�r�e� �4� �i�s� �a� �d�i�a�g�r�a�m� �o�f� �t�h�e� �s�w�e�a�t� 

�p�a�t�c�h�,� �s�h�o�w�i�n�g� �t�h�e� �S�a�r�a�n� �W�r�a�p� �r�e�l�e�a�s�e� �l�i�n�e�r� �b�e�t�w�e�e�n� �t�h�e� �d�r�e�s�s�i�n�g� �a�n�d� �t�h�e� �c�o�l�l�e�c�t�i�o�n� �p�a�d� 

�p�l�a�c�e�d� �d�i�r�e�c�t�l�y� �n�e�x�t� �t�o� �t�h�e� �s�k�i�n�.� 

�T�h�e� �s�u�b�j�e�c�t�i�v�e� �e�v�a�l�u�a�t�i�o�n� �s�c�a�l�e�s� �d�e�v�e�l�o�p�e�d� �b�y� �M�o�r�r�i�s� �e�t� �a�l�.� �(�1�9�8�5�)�,� �a�n�d� �t�h�e� �r�a�t�i�n�g� 

�s�c�a�l�e� �o�f� �p�e�r�c�e�i�v�e�d� �e�x�e�r�t�i�o�n�,� �o�r� �R�P�E�,� �(�s�i�x�-�t�o�-�t�w�e�n�t�y� �s�c�a�l�e�)�,� �a�s� �s�h�o�w�n� �i�n� �T�a�b�l�e�s� �3� �a�n�d� �4�,� 

�w�e�r�e� �e�m�p�l�o�y�e�d� �t�o� �a�s�s�e�s�s� �s�u�b�j�e�c�t�s �� �p�e�r�c�e�p�t�i�o�n�s�.� �T�h�e� �s�c�a�l�e�s� �w�e�r�e� �m�a�g�n�i�f�i�e�d� �o�n� �a� �c�h�a�r�t� �s�o� 
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� � 

�S�a�r�a�n� �w�r�a�p� �a�n�d� 
�c�o�l�l�e�c�t�i�o�n� �p�a�d� 

� � 

� � 

� � � � � � 

�(�a�)� �D�r�e�s�s�i�n�g� 

� � 

�S�a�r�a�n� �w�r�a�p� 

� � 

�C�o�l�l�e�c�t�i�o�n� �p�a�d� 
�(�n�e�x�t� �t�o� �t�h�e� �s�k�i�n�)� 

�F�i�g�u�r�e� �4�.� �S�c�h�e�m�a�t�i�c� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �a� �s�w�e�a�t� �p�a�t�c�h� �f�r�o�m� �(�a�)� �b�o�t�t�o�m� �v�i�e�w�,� 

�a�n�d� �(�b�)� �s�i�d�e� �v�i�e�w�.� 
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�T�a�b�l�e� �3� 

�S�u�b�j�e�c�t�i�v�e� �e�v�a�l�u�a�t�i�o�n� �s�c�a�l�e�s�*� 

� � 

� � 

�W�e�t�n�e�s�s� �s�e�n�s�a�t�i�o�n� �s�c�a�l�e� �T�h�e�r�m�a�l� �s�e�n�s�a�t�i�o�n� �s�c�a�l�e� �C�o�m�f�o�r�t� �s�e�n�s�a�t�i�o�n� �s�c�a�l�e� 

�1�.� �D�r�y� �1�.� �V�e�r�y� �C�o�l�d� �1�.� �C�o�m�f�o�r�t�a�b�l�e� 

�2�.� �2�.� �C�o�l�d� �2�.� 

�3�.� �S�l�i�g�h�t�l�y� �W�e�t� �3�.� �C�o�o�l� �3�.� �S�l�i�g�h�t�l�y� �U�n�c�o�m�f�o�r�t�a�b�l�e� 
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 �� �F�r�o�m�  ��P�s�y�c�h�o�l�o�g�i�c�a�l� �b�a�s�e�s� �o�f� �p�h�y�s�i�c�a�l� �e�x�e�r�t�i�o�n�, �� �b�y� �G�.� �A�.� �V�.� �B�o�r�g�,� �1�9�8�2�,� �M�e�d�i�c�i�n�e� �S�c�i�e�n�c�e� �i�n� �S�p�o�r�t�s� 
�a�n�d� �E�x�e�r�c�i�s�e�,� �1�4�,� �p�.�3�7�7�-�3�8�1�.� �C�o�p�y�r�i�g�h�t� �©� �1�9�8�2� �b�y� �W�i�l�l�i�a�m�s� �a�n�d� �W�i�l�k�i�n�s�.� �R�e�p�r�i�n�t�e�d� �b�y� �p�e�r�m�i�s�s�i�o�n� �o�f� 
�W�i�l�l�i�a�m�s� �a�n�d� �W�i�l�k�i�n�s�.� �T�h�i�s� �s�c�a�l�e� �i�s� �B�o�r�g ��s� �o�r�i�g�i�n�a�l� �r�a�t�i�n�g� �s�c�a�l�e� �o�f� �p�e�r�c�e�i�v�e�d� �e�x�e�r�t�i�o�n�,� �w�h�e�r�e� �t�h�e� �r�a�n�k�i�n�g�s� 
�6�-�2�0� �a�p�p�r�o�x�i�m�a�t�e� �t�h�e� �h�e�a�r�t� �r�a�t�e� �v�a�l�u�e�s� �f�r�o�m� �r�e�s�t� �t�o� �m�a�x�i�m�u�m� �(�6�0�-�2�0�0� �b�e�a�t�s�/�m�i�n�.�)�.� �B�e�s�i�d�e�s� �s�e�r�v�i�n�g� �a�s� 
�g�o�o�d� �i�n�d�i�c�a�t�o�r�s� �o�f� �s�u�b�j�e�c�t�i�v�e� �e�f�f�o�r�t�,� �t�h�e� �R�P�E� �a�r�e� �h�e�l�p�f�u�l� �i�n� �k�n�o�w�i�n�g� �w�h�e�n� �a� �s�u�b�j�e�c�t� �i�s� �a�p�p�r�o�a�c�h�i�n�g� 
�e�x�h�a�u�s�t�i�o�n� �a�n�d� �i�n� �p�r�e�s�c�r�i�b�i�n�g� �e�x�e�r�c�i�s�e� �i�n�t�e�n�s�i�t�y�.� 

� � 
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�t�h�a�t� �s�u�b�j�e�c�t�s� �c�o�u�l�d� �s�e�e� �a�n�d� �c�a�l�l� �o�u�t� �t�h�e� �n�u�m�b�e�r�s� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e�i�r� �p�e�r�c�e�p�t�i�o�n�s� �w�h�i�l�e� 

�t�h�e�y� �p�e�d�a�l�e�d�.� 

�F�a�b�r�i�c�s� �a�n�d� �T�e�s�t� �S�p�e�c�i�m�e�n�s� 

�T�w�o� �t�y�p�e�s� �o�f� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t�s� �w�e�r�e� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� �S�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �N�o�.�1� 

�(�S�G�1�)� �w�a�s� �c�o�m�p�o�s�e�d� �o�f� �a� �1�0�0�%� �c�o�t�t�o�n�,� �w�h�i�t�e� �s�h�o�r�t�-�s�l�e�e�v�e�d� �T�-�s�h�i�r�t� �(�F�r�u�i�t� �o�f� �t�h�e� �L�o�o�m�®�)� 

�a�n�d� �a� �p�a�i�r� �o�f� �1�0�0�%� �c�o�t�t�o�n�,� �k�h�a�k�i�s� �w�o�r�k� �p�a�n�t�s� �(�D�u�x�b�a�k�®�)�.� �T�h�e� �p�a�n�t�s� �w�e�r�e� �l�o�n�g�,� 

�s�o�m�e�w�h�a�t� �t�a�p�e�r�e�d� �i�n� �t�h�e� �l�e�g�s�,� �a�n�d� �d�e�s�c�r�i�b�e�d� �o�n� �t�h�e� �l�a�b�e�l� �a�s� �a�n�t�i�-�w�r�i�n�k�l�e�.� �S�t�a�n�d�a�r�d� 

�g�a�r�m�e�n�t� �N�o�.�2� �(�S�G�2�)� �c�o�n�s�i�s�t�e�d� �o�f� �S�G�1� �a�n�d� �a� �T�y�v�e�k�®� �c�o�v�e�r�a�l�l�,� �a�s� �t�h�e� �c�o�v�e�r�a�l�l� �w�a�s� �w�o�r�n� 

�o�v�e�r� �S�G�1�.� �T�y�v�e�k�®� �(�D�u�P�o�n�t�,� �F�a�b�r�i�c� �S�t�y�l�e� �1�4�2�2�A�)�,� �a� �s�p�u�n�b�o�n�d�e�d� �f�a�b�r�i�c�,� �i�s� �m�a�d�e� �o�f� �s�u�b�-� 

�m�i�c�r�o�n� �d�e�n�i�e�r�,� �h�i�g�h�-�d�e�n�s�i�t�y� �p�o�l�y�e�t�h�y�l�e�n�e� �f�i�l�a�m�e�n�t�s� �t�h�a�t� �a�r�e� �b�o�n�d�e�d� �w�i�t�h� �h�e�a�t� �a�n�d� 

�p�r�e�s�s�u�r�e�.� �T�h�i�s� �f�a�b�r�i�c� �i�s� �w�i�d�e�l�y� �u�s�e�d� �f�o�r� �c�h�e�m�i�c�a�l� �p�r�o�t�e�c�t�i�v�e� �p�u�r�p�o�s�e�s� �i�n� �b�o�t�h� �p�r�a�c�t�i�c�a�l� 

�a�p�p�l�i�c�a�t�i�o�n�s� �a�n�d� �r�e�s�e�a�r�c�h�.� 

�T�h�e� �s�t�u�d�y� �i�n�c�l�u�d�e�d� �t�w�o� �a�d�d�i�t�i�o�n�a�l� �c�h�e�m�i�c�a�l� �p�r�o�t�e�c�t�i�v�e� �f�a�b�r�i�c�s�,� �P�r�o�/�S�h�i�e�l�d� �I�®�°� �a�n�d� 

�P�r�o�/�S�h�i�e�l�d� �I�I�®� �(�b�o�t�h� �f�r�o�m� �K�a�p�p�l�e�r� �S�a�f�e�t�y�.� �G�r�o�u�p�,� �G�u�n�t�e�r�s�v�i�l�l�e�,� �A�L�)�,� �w�h�i�c�h� �w�e�r�e� �m�a�d�e� 

�i�n�t�o� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e�s� �o�f� �t�h�e� �s�a�m�e� �p�a�t�t�e�r�n� �a�s� �t�h�e� �s�l�e�e�v�e�s� �i�n� �t�h�e� �T�y�v�e�k�®� �c�o�v�e�r�a�l�l�.� 

�P�r�o�/�S�h�i�e�l�d� �I�®� �i�s� �a� �t�h�e�r�m�a�l�l�y� �b�o�n�d�e�d� �t�r�i�-�l�a�m�i�n�a�t�e� �f�a�b�r�i�c� �c�o�n�s�i�s�t�i�n�g� �o�f� �a� �m�i�d�d�l�e� �l�a�y�e�r� �o�f� 

�m�e�l�t�b�l�o�w�n� �p�o�l�y�p�r�o�p�y�l�e�n�e� �s�a�n�d�w�i�c�h�e�d� �b�e�t�w�e�e�n� �t�w�o� �o�u�t�e�r� �l�a�y�e�r�s� �o�f� �s�p�u�n�b�o�n�d�e�d� 

�p�o�l�y�p�r�o�p�y�l�e�n�e�.� �P�r�o�/�S�h�i�e�l�d� �I�I�®� �i�s� �a� �b�i�-�l�a�m�i�n�a�t�e� �o�f� �s�p�u�n�b�o�n�d�e�d� �p�o�l�y�p�r�o�p�y�l�e�n�e� �a�n�d� 

�m�i�c�r�o�p�o�r�o�u�s� �p�o�l�y�p�r�o�p�y�l�e�n�e� �f�i�l�m�.� �P�r�o�/�S�h�i�e�l�d� �I�®� �a�n�d� �P�r�o�/�S�h�i�e�l�d� �I�I�®� �w�e�r�e� �s�e�l�e�c�t�e�d� �f�o�r� �t�h�i�s� 

�r�e�s�e�a�r�c�h� �b�e�c�a�u�s�e� �t�h�e� �m�a�n�u�f�a�c�t�u�r�e�r� �(�K�a�p�p�l�e�r� �S�a�f�e�t�y� �G�r�o�u�p�)� �d�e�s�c�r�i�b�e�d� �t�h�e�m� �a�s� �p�e�r�m�e�a�b�l�e� 
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�t�o� �w�a�t�e�r� �v�a�p�o�r�,� �b�u�t� �i�m�p�e�r�v�i�o�u�s� �t�o� �w�a�t�e�r�-�b�a�s�e�d� �l�i�q�u�i�d�s�;� �t�h�e�s�e� �t�w�o� �f�a�b�r�i�c�s� �a�l�s�o� �h�a�v�e� �a� 

�s�l�i�g�h�t�l�y� �h�a�i�r�y� �s�u�r�f�a�c�e� �t�e�x�t�u�r�e� �w�h�i�c�h� �i�s� �l�e�s�s� �l�i�k�e� �p�a�p�e�r� �t�h�a�n� �i�s� �T�y�v�e�k�®�.� �T�a�b�l�e� �5� �s�h�o�w�s� 

�p�h�y�s�i�c�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �t�e�s�t� �f�a�b�r�i�c�s� �o�f� �t�h�e� �f�a�b�r�i�c�s� �i�n� �t�h�e� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s�.� 

�F�i�g�u�r�e� �5� �i�l�l�u�s�t�r�a�t�e�s� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t�s� �N�o�.�1� �a�n�d� �N�o�.� �2�,� �a�n�d� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e� 

�o�n� �t�h�e� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t�s�.� �B�e�f�o�r�e� �i�n�i�t�i�a�t�i�n�g� �t�h�e� �e�x�p�e�r�i�m�e�n�t�,� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �N�o�.�1� �(�T�-� 

�s�h�i�r�t� �a�n�d� �p�a�n�t�s�)� �a�s� �w�e�l�l� �a�s� �p�r�o�v�i�d�e�d� �s�o�c�k�s�,� �w�e�r�e� �l�a�u�n�d�e�r�e�d� �f�i�v�e� �t�i�m�e�s� �a�c�c�o�r�d�i�n�g� �t�o� 

�A�A�T�C�C� �T�e�s�t� �M�e�t�h�o�d� �1�4�3�,� �w�i�t�h� �A�A�T�C�C� �S�t�a�n�d�a�r�d� �R�e�f�e�r�e�n�c�e� �D�e�t�e�r�g�e�n�t� �1�2�4�,� �t�o� �e�l�i�m�i�n�a�t�e� 

�s�h�r�i�n�k�a�g�e� �a�n�d� �a�p�p�e�a�r�a�n�c�e� �p�r�o�b�l�e�m�s�.� �T�h�e� �p�a�n�t�s� �w�e�r�e� �r�e�u�s�e�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �e�x�p�e�r�i�m�e�n�t�,� 

�w�h�e�r�e�a�s� �n�e�w� �T�-�s�h�i�r�t�s� �a�n�d� �s�o�c�k�s� �w�e�r�e� �p�r�o�v�i�d�e�d� �a�n�d� �u�s�e�d� �f�o�r� �e�a�c�h� �t�r�i�a�l�.� �T�h�e� �r�e�a�s�o�n� �f�o�r� �n�o�t� 

�r�e�u�s�i�n�g� �T�-�s�h�i�r�t�s� �a�n�d� �s�o�c�k�s� �w�a�s� �d�u�e� �t�o� �t�h�e�i�r� �s�h�r�i�n�k�a�g�e� �p�r�o�b�l�e�m� �w�h�i�c�h� �a�f�f�e�c�t�e�d� �h�e�a�t� �a�n�d� 

�m�o�i�s�t�u�r�e� �t�r�a�n�s�f�e�r�.� 

�S�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �N�o�.�2�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �5�,� �w�a�s� �a� �c�o�v�e�r�a�l�l� �w�i�t�h� �a� �z�i�p�p�e�r� �u�p� �t�h�e� 

�f�r�o�n�t�.� �T�h�e� �c�o�v�e�r�a�l�l� �h�a�d� �b�e�e�n� �d�e�s�i�g�n�e�d� �t�o� �f�i�t� �c�l�o�s�e�l�y� �a�t� �t�h�e� �w�r�i�s�t�s� �a�n�d� �a�n�k�l�e�s� �b�y� �e�l�a�s�t�i�c�,� 

�f�o�r� �i�n�c�r�e�a�s�e�d� �p�r�o�t�e�c�t�i�o�n� �a�g�a�i�n�s�t� �p�e�n�e�t�r�a�t�i�o�n� �o�f� �p�e�s�t�i�c�i�d�e�s�.� �F�o�r� �p�u�r�p�o�s�e�s� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h�,� 

�t�h�e� �c�o�v�e�r�a�l�l ��s� �l�e�f�t� �s�l�e�e�v�e� �w�a�s� �m�a�d�e� �d�e�t�a�c�h�a�b�l�e�,� �s�o� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e�s� �c�o�u�l�d� �b�e� �a�t�t�a�c�h�e�d� 

�i�n� �i�t�s� �p�l�a�c�e�.� �T�h�e� �d�e�t�a�c�h�a�b�i�l�i�t�y� �a�l�l�o�w�e�d� �t�h�e� �r�e�u�s�e� �o�f� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �N�o�.�2�,� �w�i�t�h� 

�a�l�t�e�r�n�a�t�i�n�g� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e�s�,� �i�n� �t�h�e� �t�r�i�a�l�s� �t�o� �a�s�s�e�s�s� �c�o�m�f�o�r�t� �a�n�d� �h�e�a�t� �s�t�r�e�s�s�.� 

�A�n� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e�,� �m�a�d�e� �o�f� �T�y�v�e�k�®� �o�r� �P�r�o�/�S�h�i�e�l�d� �I�®� �o�r� �P�r�o�/�S�h�i�e�l�d� �I�I�®� �a�n�d� 

�h�a�v�i�n�g� �a�n� �e�l�a�s�t�i�c�i�z�e�d� �w�r�i�s�t�,� �w�a�s� �a�t�t�a�c�h�e�d� �t�o� �t�h�e� �l�e�f�t� �a�r�m�s�c�y�e� �o�f� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �N�o�.�1� �o�r� 
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�F�i�g�u�r�e� �5�.� �S�c�h�e�m�a�t�i�c� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �N�o�.�1� �(�a�)�,� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �N�o�.�2� 

�(�b�)�,� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �N�o�.� �|� �w�i�t�h� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e� �o�n� �t�h�e� �l�e�f�t� �a�r�m� �(�c�)�,� �a�n�d� �s�t�a�n�d�a�r�d� 

�g�a�r�m�e�n�t� �N�o�.�2� �w�i�t�h� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e� �o�n� �t�h�e� �l�e�f�t� �a�r�m� �(�d�)�.� 
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�N�o�.�2� �w�i�t�h� �d�u�c�k� �t�a�p�e �� �o�f� �h�a�l�f�-�i�n�c�h� �w�i�d�t�h�.� �S�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �N�o�.�2� �w�a�s� �p�r�e�p�a�r�e�d� �f�o�r� �t�h�e� 

�t�r�i�a�l�s� �b�y� �r�e�i�n�f�o�r�c�i�n�g� �i�t�s� �l�e�f�t� �a�r�m�h�o�l�e� �a�l�l� �t�h�e� �w�a�y� �a�r�o�u�n�d� �w�i�t�h� �a� �l�a�y�e�r� �o�f� �d�u�c�k� �t�a�p�e� �t�o� 

�p�r�e�v�e�n�t� �t�e�a�r�i�n�g� �o�f� �t�h�e� �T�y�v�e�k�®� �f�a�b�r�i�c� �d�u�e� �t�o� �r�e�p�e�a�t�e�d� �a�t�t�a�c�h�m�e�n�t� �a�n�d� �d�e�t�a�c�h�m�e�n�t� 

�o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e�s�.� �M�o�r�e�o�v�e�r�,� �t�o� �m�i�n�i�m�i�z�e� �e�x�t�r�a�n�e�o�u�s� �e�f�f�e�c�t�s� �o�f� �t�h�e� �t�a�p�e�,� �t�w�o� 

�l�a�y�e�r�s� �o�f� �d�u�c�k� �t�a�p�e� �w�e�r�e� �a�l�s�o� �a�p�p�l�i�e�d� �o�n� �t�h�e� �r�i�g�h�t� �a�r�m�s�c�y�e� �o�f� �t�h�a�t� �g�a�r�m�e�n�t�.� �L�i�k�e�w�i�s�e�,� 

�s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �N�o�.�1� �w�a�s� �t�a�p�e�d� �w�i�t�h� �t�w�o� �l�a�y�e�r�s� �o�f� �d�u�c�k� �t�a�p�e� �a�r�o�u�n�d� �t�h�e� �r�i�g�h�t� �a�r�m�s�c�y�e� 

�a�s� �w�e�l�l� �a�s� �t�h�e� �l�e�f�t� �a�r�m�s�c�y�e�,� �w�i�t�h� �o�r� �w�i�t�h�o�u�t� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e� �o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� �-� 

�s�l�e�e�v�e�.� 

�E�x�p�e�r�i�m�e�n�t�a�l� �T�r�i�a�l�s� �a�n�d� �G�a�r�m�e�n�t�s� �W�o�r�n� �i�n� �E�a�c�h� �T�r�i�a�l� 

�E�a�c�h� �s�u�b�j�e�c�t� �p�e�r�f�o�r�m�e�d� �a� �t�o�t�a�l� �o�f� �8� �t�r�i�a�l�s�:� �a� �t�r�i�a�l� �o�f� �t�h�e� �p�h�y�s�i�c�a�l� �w�o�r�k� �c�a�p�a�c�i�t�y� �t�e�s�t� 

�a�n�d� �7� �s�u�b�s�e�q�u�e�n�t� �t�r�i�a�l�s� �o�f� �t�h�e� �m�a�i�n� �e�x�p�e�r�i�m�e�n�t�.� �I�n� �e�a�c�h� �t�r�i�a�l�,� �i�n�c�l�u�d�i�n�g� �t�h�e� �p�h�y�s�i�c�a�l� �w�o�r�k� 

�c�a�p�a�c�i�t�y� �t�e�s�t�,� �t�h�e� �s�u�b�j�e�c�t� �w�o�r�e� �h�i�s� �o�w�n� �u�n�d�e�r�p�a�n�t�s� �a�n�d� �s�n�e�a�k�e�r�s�,� �t�o�g�e�t�h�e�r� �w�i�t�h� �p�r�o�v�i�d�e�d� 

�s�o�c�k�s� �a�n�d� �t�h�e� �a�s�s�i�g�n�e�d� �g�a�r�m�e�n�t�s�.� �I�n� �t�h�e� �p�h�y�s�i�c�a�l� �w�o�r�k� �c�a�p�a�c�i�t�y� �t�e�s�t�,� �a� �s�u�b�j�e�c�t� �a�l�s�o� �w�o�r�e� 

�s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �N�o�.�1� �(�S�G�1�)� �c�o�n�s�i�s�t�i�n�g� �o�f� �a� �p�a�i�r� �o�f� �p�a�n�t�s� �a�n�d� �a� �T�-�s�h�i�r�t� �w�i�t�h�o�u�t� �d�u�c�k� 

�t�a�p�e� �a�r�o�u�n�d� �t�h�e� �a�r�m�h�o�l�e�s�.� 

� � 

�*� �T�h�e� �r�e�s�e�a�r�c�h�e�r� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �b�e�s�t� �w�a�y� �t�o� �a�t�t�a�c�h� �(�a�n�d� �d�e�t�a�c�h�)� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e� �t�o� �(�f�r�o�m�)� �t�h�e� 
�s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t�s� �b�y� �e�x�p�e�r�i�m�e�n�t�i�n�g� �w�i�t�h� �d�u�c�k� �t�a�p�e�,� �v�e�l�c�r�o�,� �a�n�d� �s�e�w�i�n�g�.� �A�s� �a� �c�o�n�s�e�q�u�e�n�c�e� �o�f� �r�e�p�e�a�t�e�d� 

�s�e�w�i�n�g� �a�n�d� �u�n�s�e�w�i�n�g�,� �t�h�e� �a�r�m�h�o�l�e� �s�e�a�m� �o�f� �a� �T�y�v�e�k�®� �c�o�v�e�r�a�l�l� �r�i�p�p�e�d�.� �U�s�i�n�g� �v�e�l�c�r�o� �c�a�u�s�e�d� �s�o�m�e� �g�a�p�s� �i�n� 
�t�h�e� �c�o�n�n�e�c�t�i�o�n�,� �w�h�i�c�h� �c�o�u�l�d� �a�f�f�e�c�t� �h�e�a�t� �a�n�d� �m�o�i�s�t�u�r�e� �t�r�a�n�s�f�e�r� �f�r�o�m� �t�h�e� �b�o�d�y�.� �A�s� �c�o�m�p�a�r�e�d� �t�o� �a� �v�e�l�c�r�o�-� 
�a�t�t�a�c�h�e�d� �s�l�e�e�v�e�,� �s�u�b�j�e�c�t�s� �f�e�l�t� �m�o�r�e� �c�o�m�f�o�r�t�a�b�l�e� �w�i�t�h� �a� �d�u�c�k� �t�a�p�e�-�a�t�t�a�c�h�e�d� �s�l�e�e�v�e�.� �M�o�r�e�o�v�e�r�,� �i�n� �p�l�a�c�e�s� 

�w�h�e�r�e� �T�y�v�e�k�®� �s�u�i�t�s� �a�r�e� �u�s�e�d�,� �w�o�r�k�e�r�s� �u�s�u�a�l�l�y� �u�s�e� �d�u�c�k� �t�a�p�e� �t�o� �a�t�t�a�c�h� �t�h�i�n�g�s� �t�o� �t�h�e�i�r� �s�u�i�t�s� �o�r� �t�o� �c�o�v�e�r� �t�e�a�r�s� 
�o�n� �t�h�e� �s�u�i�t�s�.� 
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� � 

�L� �|� 
�S�G�I� �S�G�1� �&� �S�G�2� 

�(�T�p�)� �(�T�5�)� 

�T�k� �P�I� �P�I�I� �P�I� �P�I�I� 

�(�T�2�)� �(�T�3�)� �(�T�H�)� �(�T�6�)� �(�T�7�)� 

�F�i�g�u�r�e� �6�.� �S�c�h�e�m�a�t�i�c� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �e�x�p�e�r�i�m�e�n�t�a�l� �t�r�i�a�l�s� �(�T�j�)� �a�n�d� 

�g�a�r�m�e�n�t�s� �w�o�r�n� �i�n� �e�a�c�h� �t�r�i�a�l� �f�o�r� �e�a�c�h� �s�u�b�j�e�c�t� �(�S�,�)�.� �S�G�1� �s�t�a�n�d�s� �f�o�r� �S�t�a�n�d�a�r�d� �G�a�r�m�e�n�t� �1�,� 

�c�o�n�s�i�s�t�i�n�g� �o�f� �a� �T�-�s�h�i�r�t� �a�n�d� �p�a�i�r� �o�f� �p�a�n�t�s�.� �S�G�2� �i�s� �S�t�a�n�d�a�r�d� �G�a�r�m�e�n�t� �2�,� �a� �T�y�v�e�k�®� �c�o�v�e�r�a�l�l�.� 

�T�k�,� �P�I�,� �a�n�d� �P�I�I� �s�t�a�n�d� �f�o�r� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �l�e�f�t� �s�l�e�e�v�e�s� �o�f� �T�y�v�e�k�®�,� �P�r�o�/�S�h�i�e�l�d� �I�®�°�,� �a�n�d� 

�P�r�o�/�S�h�i�e�l�d� �I�I�®�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
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�I�n� �t�h�e� �m�a�i�n� �e�x�p�e�r�i�m�e�n�t�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �6�,� �e�a�c�h� �s�u�b�j�e�c�t� �p�a�r�t�i�c�i�p�a�t�e�d� �i�n� �7� �t�r�i�a�l�s�.� 

�A�l�l� �g�a�r�m�e�n�t�s� �u�s�e�d� �i�n� �t�h�e� �t�r�i�a�l�s� �h�a�d� �d�u�c�k� �t�a�p�e� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �p�r�e�v�i�o�u�s� �s�e�c�t�i�o�n�.� �I�n� �t�r�i�a�l� 

�1�,� �t�h�e� �s�u�b�j�e�c�t� �w�o�r�e� �S�G�1� �w�i�t�h�o�u�t� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e�.� �I�n� �t�r�i�a�l�s� �2�-�4�,� �t�h�e� �s�u�b�j�e�c�t� �w�o�r�e� 

�S�G�1� �t�o�g�e�t�h�e�r� �w�i�t�h� �a� �s�l�e�e�v�e� �o�f� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �f�a�b�r�i�c� �(�T�k�,� �P�I�,� �o�r� �P�I�I�)� �o�v�e�r� �t�h�e� �l�e�f�t� �s�l�e�e�v�e� 

�o�f� �t�h�e� �T�-�s�h�i�r�t�.� �I�n� �t�r�i�a�l�s� �5�-�7�,� �t�h�e� �s�u�b�j�e�c�t� �w�o�r�e� �S�G�2� �o�v�e�r� �S�G�]� �(�S�G�I� �s�e�r�v�e�d� �a�s� �a�n� 

�u�n�d�e�r�g�a�r�m�e�n�t�)�.� �T�h�e� �s�u�b�j�e�c�t� �w�o�r�e� �S�G�1� �a�n�d� �S�G�2�,� �w�i�t�h� �b�o�t�h� �o�f� �t�h�e� �o�r�i�g�i�n�a�l� �T�y�v�e�k�®� �s�l�e�e�v�e�s� 

�o�f� �S�G�2�,� �t�o� �p�e�r�f�o�r�m� �t�r�i�a�l� �5�.� �I�n� �t�r�i�a�l�s� �6� �a�n�d� �7�,� �a� �s�l�e�e�v�e� �o�f� �P�I� �o�r� �o�f� �P�I�I� �r�e�p�l�a�c�e�d� �t�h�e� �l�e�f�t� 

�s�l�e�e�v�e� �o�f� �S�G�2�.� 

�E�x�p�e�r�i�m�e�n�t�a�l� �P�r�o�c�e�d�u�r�e� 

�A�f�t�e�r� �e�a�c�h� �s�u�b�j�e�c�t ��s� �o�r�i�e�n�t�a�t�i�o�n�,� �h�e� �w�a�s� �s�c�h�e�d�u�l�e�d� �f�o�r� �t�h�e� �p�h�y�s�i�c�a�l� �w�o�r�k� 

�c�a�p�a�c�i�t�y� �(�P�W�C�,�,�.�,�)� �t�e�s�t�.� �T�h�e� �P�W�C�,�,�,� �m�e�a�s�u�r�e�s� �t�h�e� �m�a�x�i�m�a�l� �o�x�y�g�e�n� �i�n�t�a�k�e�,� �a�n� �i�n�d�i�c�a�t�o�r� 

�o�f� �p�h�y�s�i�c�a�l� �f�i�t�n�e�s�s�.� �E�a�c�h� �s�u�b�j�e�c�t� �w�a�s� �a�s�k�e�d� �t�o� �p�e�r�f�o�r�m� �s�t�e�a�d�y�-�s�t�a�t�e� �e�x�e�r�c�i�s�e� �a�t� �i�n�c�r�e�a�s�i�n�g� 

�w�o�r�k� �r�a�t�e�s�,� �u�n�t�i�l� �a� �t�a�r�g�e�t� �h�e�a�r�t� �r�a�t�e� �w�a�s� �r�e�a�c�h�e�d�.� �A� �_� �r�a�t�e� �o�f� �1�7�0� �b�e�a�t�s�/�m�i�n�.� �i�s� 

�c�o�n�s�i�d�e�r�e�d� �a� �n�o�r�m�a�l� �t�a�r�g�e�t� �r�a�t�e� �f�o�r� �t�h�e� �f�r�e�s�h�m�a�n�-�t�o�-�j�u�n�i�o�r�,� �m�a�l�e� �o�r� �f�e�m�a�l�e�,� �c�o�l�l�e�g�e� 

�p�o�p�u�l�a�t�i�o�n� �(�P�o�w�e�r�s� �&� �H�o�w�l�e�y�,� �1�9�9�4�)�.� �T�h�e�  ��P�W�C�,�,�,� �t�e�s�t �� �r�e�f�e�r�s� �t�o� �a� �p�h�y�s�i�c�a�l� �w�o�r�k� 

�c�a�p�a�c�i�t�y� �t�e�s�t� �i�n� �w�h�i�c�h� �t�h�e� �t�a�r�g�e�t� �h�e�a�r�t� �r�a�t�e� �i�s� �a�b�o�u�t� �1�7�0� �b�e�a�t�s�/�m�i�n�.� �A�f�t�e�r� �a� �s�u�b�j�e�c�t� 

�c�o�m�p�l�e�t�e�d� �t�h�e� �P�W�C� �t�e�s�t�,� �h�e� �w�a�s� �s�c�h�e�d�u�l�e�d� �f�o�r� �t�h�e� �s�e�v�e�n� �m�a�i�n� �t�r�i�a�l�s�.� 

�T�h�e� �p�h�y�s�i�c�a�l� �w�o�r�k� �c�a�p�a�c�i�t�y� �t�e�s�t� �(�P�W�C�)�.� �T�h�e� �p�h�y�s�i�c�a�l� �w�o�r�k� �c�a�p�a�c�i�t�y� �t�e�s�t�,� �a�t� �a� 

�t�a�r�g�e�t� �h�e�a�r�t� �r�a�t�e� �o�f� �1�7�0� �b�e�a�t�s�/�m�i�n�.�,� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �w�o�r�k� �c�a�p�a�c�i�t�y� �a�t� �t�h�e� �i�n�t�e�n�s�i�t�y� �o�f� 

�a�b�o�u�t� �4�0�%� �o�f� �a� �s�u�b�j�e�c�t ��s� �m�a�x�i�m�a�l� �o�x�y�g�e�n� �c�o�n�s�u�m�p�t�i�o�n�.� �T�o� �p�e�r�f�o�r�m� �t�h�i�s� �t�e�s�t�,� �a� �s�u�b�j�e�c�t� 
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�w�o�r�e� �a� �p�r�o�v�i�d�e�d� �T�-�s�h�i�r�t� �a�n�d� �p�a�i�r� �o�f� �p�a�n�t�s� �a�n�d� �s�o�c�k�s� �p�l�u�s� �h�i�s� �o�w�n� �s�n�e�a�k�e�r�s�.� �H�e� �w�a�s� 

�p�r�e�p�a�r�e�d� �f�o�r� �h�e�a�r�t� �r�a�t�e� �m�o�n�i�t�o�r�i�n�g� �b�y� �a�d�h�e�r�i�n�g�,� �t�o� �h�i�s� �c�h�e�s�t�,� �t�h�r�e�e� �e�l�e�c�t�r�o�c�a�r�d�i�o�g�r�a�m� 

�(�E�C�G�)� �l�e�a�d�s� �c�o�n�n�e�c�t�e�d� �t�o� �t�h�e� �V�i�t�a�l�o�g� �b�e�f�o�r�e� �e�n�t�e�r�i�n�g� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l�l�y� �c�o�n�t�r�o�l�l�e�d� 

�r�o�o�m�.� �H�e�a�r�t� �r�a�t�e� �w�a�s� �r�e�c�o�r�d�e�d� �e�v�e�r�y� �m�i�n�u�t�e� �f�r�o�m� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �r�e�s�t� �p�e�r�i�o�d� �t�o� �t�h�e� 

�e�n�d� �o�f� �t�h�e� �t�e�s�t�.� �I�n� �t�h�e� �r�o�o�m�,� �t�h�e� �s�u�b�j�e�c�t� �r�e�s�t�e�d� �o�n� �t�h�e� �b�i�c�y�c�l�e� �f�o�r� �1�0� �m�i�n�u�t�e�s� �a�n�d� �t�h�e�n� 

�p�e�d�a�l�e�d�,� �w�i�t�h�o�u�t� �p�e�d�a�l�i�n�g� �r�e�s�i�s�t�a�n�c�e�,� �t�o� �w�a�r�m� �u�p� �f�o�r� �t�w�o� �m�i�n�u�t�e�s�.� �T�h�e�n�,� �t�h�e� �s�u�b�j�e�c�t� 

�p�e�d�a�l�e�d� �a�t� �1�5�0� �k�i�l�o�p�o�n�d�-�m�e�t�e�r�/�m�i�n�u�t�e� �(�k�p�m�/�m�i�n�.�)�,� �o�r� �2�4�.�4�5� �w�a�t�t�s�,� �f�o�r� �t�h�r�e�e� �m�i�n�u�t�e�s�.� �T�h�e� 

�w�o�r�k� �r�a�t�e� �w�a�s� �c�o�n�t�r�o�l�l�e�d� �b�y� �p�e�d�a�l�i�n�g� �s�p�e�e�d� �(�r�e�v�o�l�u�t�i�o�n�s� �p�e�r� �m�i�n�u�t�e�,� �o�r� �r�p�m�)� �a�n�d� �p�e�d�a�l�i�n�g� 

�r�e�s�i�s�t�a�n�c�e� �l�e�v�e�l�s�.� �A�t� �t�h�e� �e�n�d� �o�f� �t�h�e� �t�h�i�r�d� �m�i�n�u�t�e�,� �t�h�e� �Y�M�C�A� �c�y�c�l�e� �e�r�g�o�m�e�t�e�r� �p�r�o�t�o�c�o�l� 

�(�A�p�p�e�n�d�i�x� �D�)� �w�a�s� �a�p�p�l�i�e�d� �t�o� �s�e�l�e�c�t� �w�o�r�k� �r�a�t�e�s� �f�o�r� �s�u�b�m�a�x�i�m�a�l� �e�x�e�r�c�i�s�e�.� �I�f� �t�h�e� �h�e�a�r�t� �r�a�t�e� 

�i�n� �t�h�e� �t�h�i�r�d� �m�i�n�u�t�e� �w�a�s�:� 

�-� �l�e�s�s� �t�h�a�n� �8�0�,� �t�h�e� �s�e�c�o�n�d� �w�o�r�k� �l�o�a�d� �w�o�u�l�d� �b�e� �7�5�0� �k�p�m�/�m�i�n�.� �o�r� �1�2�2�.�2�5� �w�a�t�t�s�;� 

�-� �8�0�-�8�9�,� �t�h�e� �s�e�c�o�n�d� �w�o�r�k� �l�o�a�d� �w�o�u�l�d� �b�e� �6�0�0� �k�p�m�/�m�i�n�.� �o�r� �9�7�.�8�0� �w�a�t�t�s�;� 

�-� �9�0�-�1�0�0�,� �t�h�e� �s�e�c�o�n�d� �w�o�r�k� �l�o�a�d� �w�o�u�l�d� �b�e� �4�5�0� �k�p�m�/�m�i�n�.� �o�r� �7�3�.�3�5� �w�a�t�t�s�;� 

�-� �g�r�e�a�t�e�r� �t�h�a�n� �1�0�0�,� �t�h�e� �s�e�c�o�n�d� �w�o�r�k� �l�o�a�d� �w�o�u�l�d� �b�e� �3�0�0� �k�p�m�/�m�i�n�.� �o�r� �4�8�.�9�0�w�a�t�t�s�.� 

�T�h�e� �s�e�c�o�n�d� �s�t�a�g�e� �l�a�s�t�e�d� �s�i�x� �m�i�n�u�t�e�s�.� �T�h�e� �t�h�i�r�d� �a�n�d� �t�h�e� �f�o�u�r�t�h� �w�o�r�k� �l�o�a�d�s� �f�o�r� �a�n�y� �o�n�e� 

�s�u�b�j�e�c�t� �w�e�r�e� �s�e�t� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �l�o�a�d�s� �b�e�l�o�w� �h�i�s� �s�e�c�o�n�d� �l�o�a�d�,� �a�n�d� �e�a�c�h� �s�t�a�g�e� �t�o�o�k� �s�i�x� 

�m�i�n�u�t�e�s�.� �T�h�e� �e�x�e�r�c�i�s�e� �w�a�s� �t�e�r�m�i�n�a�t�e�d� �w�h�e�n� �t�h�e� �s�u�b�j�e�c�t�s �� �h�e�a�r�t� �r�a�t�e� �w�a�s� �a�r�o�u�n�d� �1�7�0� 

�b�e�a�t�s�/�m�i�n�.� �E�v�e�r�y� �t�h�r�e�e� �m�i�n�u�t�e�s� �d�u�r�i�n�g� �t�h�e� �e�x�e�r�c�i�s�e�,� �t�h�e� �i�n�v�e�s�t�i�g�a�t�o�r� �a�s�k�e�d� �t�h�e� �s�u�b�j�e�c�t� �t�o� 

�c�a�l�l� �o�u�t� �r�a�t�i�n�g�s� �o�f� �p�e�r�c�e�i�v�e�d� �e�x�e�r�t�i�o�n�.� �T�h�e� �w�o�r�k� �r�a�t�e�s� �r�e�c�o�r�d�e�d� �f�r�o�m� �t�h�e� �p�a�n�e�l� �o�f� �t�h�e� 

�b�i�c�y�c�l�e� �a�n�d� �t�h�e� �a�v�e�r�a�g�e�d� �h�e�a�r�t� �r�a�t�e�s� �o�f� �t�h�e� �l�a�s�t� �t�w�o� �m�i�n�u�t�e�s� �o�f� �e�a�c�h� �s�t�a�g�e� �w�e�r�e� �u�s�e�d� �t�o� 
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�p�l�o�t�,� �f�o�r� �e�a�c�h� �s�u�b�j�e�c�t�,� �a� �g�r�a�p�h� �o�f� �w�o�r�k� �r�a�t�e� �(�X�-�a�x�i�s�)� �v�s�.� �h�e�a�r�t� �r�a�t�e� �(�Y�-�a�x�i�s�)�.� �A� �l�i�n�e� �o�f� �b�e�s�t� 

�f�i�t� �f�o�r� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �w�o�r�k� �r�a�t�e� �a�n�d� �h�e�a�r�t� �r�a�t�e� �w�a�s� �d�r�a�w�n�.� �T�h�e� �w�o�r�k� �r�a�t�e� �t�h�a�t� 

�c�o�r�r�e�s�p�o�n�d�e�d� �t�o� �a� �h�e�a�r�t� �r�a�t�e� �o�f� �4�0�%� �o�f� �t�h�e� �p�r�e�d�i�c�t�e�d� �h�e�a�r�t� �r�a�t�e� �r�a�n�g�e� �s�e�r�v�e�d� �a�s� �t�h�e� �w�o�r�k� 

�r�a�t�e� �a�t� �a�b�o�u�t� �4�0�%� �o�f� �t�h�e� �m�a�x�i�m�a�l� �o�x�y�g�e�n� �c�o�n�s�u�m�p�t�i�o�n� �(�V�O�,�m�a�x�)�.� �T�h�e� �h�e�a�r�t� �r�a�t�e� �r�a�n�g�e� 

�w�a�s� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �p�r�e�d�i�c�t�e�d� �m�a�x�i�m�a�l� �h�e�a�r�t� �r�a�t�e� �a�n�d� �t�h�e� �h�e�a�r�t� �r�a�t�e� �a�t� �r�e�s�t�.� 

�T�h�e� �m�a�x�i�m�a�l� �h�e�a�r�t� �r�a�t�e� �w�a�s� �p�r�e�d�i�c�t�e�d� �b�y� �t�h�e� �f�o�l�l�o�w�i�n�g� �f�o�r�m�u�l�a�:� 

�H�r�m�a�x� �=� �2�2�0� �b�e�a�t�s�/�m�i�n�.� �-� �s�u�b�j�e�c�t ��s� �a�g�e�,� 

�w�h�e�r�e�a�s� �t�h�e� �a�v�e�r�a�g�e�d� �h�e�a�r�t� �r�a�t�e� �o�f� �t�h�e� �l�a�s�t� �t�w�o� �m�i�n�u�t�e�s� �a�t� �r�e�s�t� �w�a�s� �u�s�e�d� �a�s� �t�h�e� �h�e�a�r�t� �r�a�t�e� �a�t� 

�r�e�s�t�.� 

�T�h�e� �c�r�i�t�e�r�i�a� �f�o�r� �r�e�m�o�v�a�l� �o�f� �a� �s�u�b�j�e�c�t� �f�r�o�m� �t�h�e� �c�h�a�m�b�e�r� �d�u�r�i�n�g� �t�h�e� �t�e�s�t� �w�e�r�e� �(�a�)� 

�h�e�a�r�t� �r�a�t�e� �o�f� �(�2�2�0� �-� �h�i�s� �a�g�e�)� �b�e�a�t�s�/�m�i�n�,� �(�b�)� �n�a�u�s�e�a�,� �v�o�m�i�t�i�n�g�,� �o�r� �d�i�s�o�r�i�e�n�t�a�t�i�o�n�,� �o�r� �(�c�)� 

�r�e�q�u�e�s�t� �b�y� �t�h�e� �s�u�b�j�e�c�t�.� �N�o� �s�u�b�j�e�c�t� �w�a�s� �r�e�m�o�v�e�d� �d�u�r�i�n�g� �t�h�e� �t�e�s�t�,� �a�s� �n�o�n�e� �o�f� �t�h�e�s�e� �c�r�i�t�e�r�i�a� 

�w�e�r�e� �m�e�t�.� 

�E�x�p�e�r�i�m�e�n�t�.� �S�u�b�j�e�c�t�s� �w�e�r�e� �i�n�s�t�r�u�c�t�e�d� �n�o�t� �t�o� �t�a�k�e� �a�l�c�o�h�o�l�,� �m�e�d�i�c�a�t�i�o�n�,� �o�r� �o�t�h�e�r� 

�d�r�u�g�s� �f�o�r� �a� �1�2�-�h�o�u�r� �p�e�r�i�o�d� �p�r�e�c�e�d�i�n�g� �t�h�e� �e�x�p�e�r�i�m�e�n�t�.� �T�h�e� �n�i�g�h�t� �b�e�f�o�r�e� �a� �s�u�b�j�e�c�t ��s� �t�e�s�t�,� �h�e� 

�w�a�s� �p�h�o�n�e�d� �t�o� �r�e�m�i�n�d� �h�i�m� �o�f� �t�h�e�s�e� �i�n�s�t�r�u�c�t�i�o�n�s�,� �h�i�s� �s�c�h�e�d�u�l�e�d� �a�p�p�o�i�n�t�m�e�n�t� �t�i�m�e�,� �a�n�d� �t�h�e� 

�i�m�p�o�r�t�a�n�c�e� �o�f� �a�t� �l�e�a�s�t� �a� �s�i�x�-�h�o�u�r� �s�l�e�e�p�.� �S�u�b�j�e�c�t�s� �w�e�r�e� �a�s�k�e�d� �n�o�t� �t�o� �e�a�t� �o�r� �d�r�i�n�k� �a�n�y�t�h�i�n�g� 

�e�x�c�e�p�t� �w�a�t�e�r� �o�n�e� �h�o�u�r� �b�e�f�o�r�e� �t�h�e�i�r� �s�c�h�e�d�u�l�e�d� �t�e�s�t�s�.� 

�U�p�o�n� �a�r�r�i�v�a�l� �o�n� �a� �s�c�h�e�d�u�l�e�d� �d�a�t�e�,� �a� �s�u�b�j�e�c�t� �c�h�a�n�g�e�d� �i�n�t�o� �a� �s�h�o�r�t�-�s�l�e�e�v�e�d� �T�-�s�h�i�r�t�,� �a� 

�p�a�i�r� �o�f� �p�a�n�t�s�,� �s�o�c�k�s�,� �a�n�d� �s�n�e�a�k�e�r�s�.� �T�h�e� �i�n�v�e�s�t�i�g�a�t�o�r� �p�r�o�v�i�d�e�d� �a�l�l� �t�h�o�s�e� �g�a�r�m�e�n�t�s� �e�x�c�e�p�t� 

�t�h�e� �s�n�e�a�k�e�r�s�.� �T�h�e� �i�n�v�e�s�t�i�g�a�t�o�r� �s�e�p�a�r�a�t�e�l�y� �p�r�e�w�e�i�g�h�e�d� �t�h�r�e�e� �n�o�n�-�r�e�u�s�a�b�l�e� �s�w�e�a�t� �c�o�l�l�e�c�t�i�o�n� 

�6�9



�p�a�d�s�,� �i�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l�l�y�-�c�o�n�t�r�o�l�l�e�d� �r�o�o�m� �i�n� �w�h�i�c�h� �t�h�e� �p�a�d�s� �h�a�d� �e�q�u�i�l�i�b�r�a�t�e�d�,� �a�n�d� 

�r�e�c�o�r�d�e�d� �t�h�e�i�r� �w�e�i�g�h�t�s�.� �T�h�r�e�e� �t�e�m�p�e�r�a�t�u�r�e� �s�e�n�s�o�r�s� �a�n�d� �t�h�r�e�e� �E�C�G� �l�e�a�d�s� �w�e�r�e� �c�o�n�n�e�c�t�e�d� 

�t�o� �t�h�e� �V�i�t�a�l�o�g� �m�o�n�i�t�o�r�.� �T�h�e� �s�u�b�j�e�c�t� �w�a�s� �p�r�e�p�a�r�e�d� �f�o�r� �h�e�a�r�t� �r�a�t�e� �a�n�d� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� 

�m�o�n�i�t�o�r�i�n�g� �a�s� �w�e�l�l� �a�s� �s�w�e�a�t� �c�o�l�l�e�c�t�i�o�n�.� �F�i�g�u�r�e� �7� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �s�i�t�e�s� �o�f� �t�h�e� �E�C�G� �l�e�a�d�s� �o�n� �a� 

�s�u�b�j�e�c�t ��s� �t�r�u�n�k� �a�n�d� �o�f� �t�h�e� �s�w�e�a�t� �p�a�t�c�h�e�s� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e� �s�e�n�s�o�r�s� �o�n� �t�h�e� �s�u�b�j�e�c�t ��s� �c�h�e�s�t� 

�a�n�d� �a�r�m�s�.� �T�h�e� �i�n�v�e�s�t�i�g�a�t�o�r� �u�s�e�d� �a�l�c�o�h�o�l� �s�w�a�b�s� �t�o� �c�l�e�a�n� �t�h�e� �s�u�b�j�e�c�t ��s� �s�k�i�n� �s�u�r�f�a�c�e� �a�t� 

�t�h�o�s�e� �s�i�t�e�s�,� �a�n�d� �a�l�l�o�w�e�d� �t�h�e� �s�k�i�n� �t�o� �d�r�y� �t�h�o�r�o�u�g�h�l�y� �b�e�f�o�r�e� �a�t�t�a�c�h�i�n�g� �t�h�e� �E�C�G� �l�e�a�d�s�,� 

�t�e�m�p�e�r�a�t�u�r�e� �s�e�n�s�o�r�s�,� �a�n�d� �s�w�e�a�t� �p�a�t�c�h�e�s�.� �T�o� �c�o�l�l�e�c�t� �s�w�e�a�t�,� �t�h�e� �s�w�e�a�t� �c�o�l�l�e�c�t�i�o�n� �p�a�d� �w�a�s� 

�p�l�a�c�e�d� �n�e�x�t� �t�o� �t�h�e� �s�k�i�n�,� �w�h�i�l�e� �t�h�e� �d�r�e�s�s�i�n�g� �s�e�r�v�e�d� �a�s� �a�n� �o�u�t�e�r� �l�a�y�e�r�.� 

�T�h�e�n�,� �i�f� �r�e�q�u�i�r�e�d� �f�o�r� �a� �p�a�r�t�i�c�u�l�a�r� �t�r�i�a�l�,� �t�h�e� �s�u�b�j�e�c�t� �p�u�t� �o�n� �a�n� �a�d�d�i�t�i�o�n�a�l� �s�l�e�e�v�e� �o�r� 

�g�a�r�m�e�n�t� �a�s�s�i�g�n�e�d� �t�o� �h�i�m� �f�o�r� �t�h�a�t� �t�r�i�a�l�.� �T�h�e� �o�r�d�e�r� �o�f� �t�r�e�a�t�m�e�n�t�s�,� �o�r� �s�l�e�e�v�e�s�/�g�a�r�m�e�n�t�s�,� �w�a�s� 

�r�a�n�d�o�m�i�z�e�d� �w�i�t�h�i�n� �e�a�c�h� �s�u�b�j�e�c�t�.� �B�e�f�o�r�e� �e�n�t�e�r�i�n�g� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l�l�y� �c�o�n�t�r�o�l�l�e�d� �r�o�o�m�,� 

�t�h�e� �s�u�b�j�e�c�t� �w�a�s� �w�e�i�g�h�e�d�.� 

�O�n�c�e� �i�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l�l�y� �c�o�n�t�r�o�l�l�e�d� �r�o�o�m�,� �t�h�e� �s�u�b�j�e�c�t� �w�a�s� �s�e�a�t�e�d� �o�n� �a� �c�h�a�i�r� �f�o�r� 

�a� �3�0�-�m�i�n�u�t�e� �a�c�c�l�i�m�a�t�i�z�a�t�i�o�n�.� �D�u�r�i�n�g� �t�h�i�s� �p�e�r�i�o�d�,� �t�h�e� �s�u�b�j�e�c�t� �c�o�u�l�d� �d�r�i�n�k� �u�p� �t�o� �1�6� �o�z�.� �o�f� 

�w�a�t�e�r�.� �A�f�t�e�r� �a�c�c�l�i�m�a�t�i�z�a�t�i�o�n�,� �t�h�e� �s�u�b�j�e�c�t� �s�t�a�r�t�e�d� �p�e�d�a�l�i�n�g� �o�n� �t�h�e� �b�i�c�y�c�l�e� �w�i�t�h�o�u�t� 

�r�e�s�i�s�t�a�n�c�e� �f�o�r� �a� �t�w�o�-�m�i�n�u�t�e� �w�a�r�m�-�u�p�.� �A�f�t�e�r� �t�h�e� �t�w�o�-�m�i�n�u�t�e� �w�a�r�m�-�u�p�,� �t�h�e� �s�u�b�j�e�c�t� 

�p�e�d�a�l�e�d� �f�o�r� �4�5� �m�i�n�u�t�e�s� �a�t� �t�h�e� �w�o�r�k� �r�a�t�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �p�r�e�v�i�o�u�s� �P�W�C�,�,�,� �t�e�s�t�.� 

�T�w�o�-�m�i�n�u�t�e� �c�o�o�l�-�d�o�w�n� �w�a�s� �p�r�o�v�i�d�e�d� �a�f�t�e�r� �t�h�e� �e�x�e�r�c�i�s�e�.� �S�e�v�e�n� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� 

�t�a�k�e�n� �e�v�e�r�y� �f�i�v�e� �m�i�n�u�t�e�s� �d�u�r�i�n�g� �t�h�e� �a�c�c�l�i�m�a�t�i�z�a�t�i�o�n� �a�n�d� �t�h�e� �e�x�e�r�c�i�s�e�,� �a�n�d� �a�f�t�e�r� �t�h�e� �c�o�o�l�-� 

�d�o�w�n�.� �T�h�e� �s�e�v�e�n� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e�:� �h�e�a�r�t� �r�a�t�e� �a�n�d� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �(�b�o�t�h� �b�y� �t�h�e� 
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� � �R�e�d� �E�C�G� �l�e�a�d� �- ¬�)� � � �W�h�i�t�e� �E�C�G� �l�e�a�d� 

� � 

�c�y� �O�y� 

�i� 
�S�w�e�a�t� �p�a�t�c�h� 

�@� �T�e�m�p�e�r�a�t�u�r�e� 
�s�e�n�s�o�r� 

�F�i�g�u�r�e� �7�.� �S�c�h�e�m�a�t�i�c� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �p�o�s�i�t�i�o�n�s� �o�f� �E�C�G� �l�e�a�d�s�,� �t�e�m�p�e�r�a�t�u�r�e� �s�e�n�s�o�r�s�,� �a�n�d� 

�s�w�e�a�t� �p�a�t�c�h�e�s� �o�n� �t�h�e� �s�u�b�j�e�c�t�.� 
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�V�i�t�a�l�o�g�)�;� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e� �(�b�y� �a�n� �o�r�a�l�,� �d�i�g�i�t�a�l� �t�h�e�r�m�o�m�e�t�e�r�)�;� �t�h�e� �s�u�b�j�e�c�t ��s� �c�a�l�l�e�d�-�o�u�t� 

�r�a�t�i�n�g�s� �o�f� �h�i�s� �w�e�t�n�e�s�s�,� �t�h�e�r�m�a�l�,� �a�n�d� �c�o�m�f�o�r�t� �s�e�n�s�a�t�i�o�n�s� �(�u�s�i�n�g� �t�h�e� �M�o�r�r�i�s� �e�t� �a�l�.� �(�1�9�8�5�)� 

�s�c�a�l�e�)�;� �a�n�d� �t�h�e� �s�u�b�j�e�c�t ��s� �c�a�l�l�e�d�-�o�u�t� �r�a�t�i�n�g�s� �o�f� �p�e�r�c�e�i�v�e�d� �e�x�e�r�t�i�o�n� �(�u�s�i�n�g� �B�o�r�g ��s� �s�i�x�-�t�o�-� 

�t�w�e�n�t�y� �s�c�a�l�e�)�.� �H�e�a�r�t� �r�a�t�e�,� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e� �w�e�r�e� �r�e�c�o�r�d�e�d� 

�s�i�m�u�l�t�a�n�e�o�u�s�l�y�,� �a�n�d� �t�h�e� �s�e�n�s�o�r�y� �r�a�t�i�n�g�s� �w�e�r�e� �t�a�k�e�n� �w�i�t�h�i�n� �1�5� �s�e�c�o�n�d�s� �o�f� �t�h�o�s�e� �t�h�r�e�e� 

�m�e�a�s�u�r�e�m�e�n�t�s�.� �O�n�c�e� �a�g�a�i�n�,� �h�e�a�r�t� �r�a�t�e�,� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e�,� �a�n�d� �r�a�t�i�n�g� �o�f� �p�e�r�c�e�i�v�e�d� �e�x�e�r�t�i�o�n� 

�s�e�r�v�e�d� �a�s� �s�a�f�e�g�u�a�r�d�s�.� �T�o� �d�e�t�e�r�m�i�n�e� �s�w�e�a�t� �a�m�o�u�n�t�,� �a�t� �t�h�e� �e�n�d� �o�f� �t�h�e� �c�o�o�l�-�d�o�w�n�,� �e�a�c�h� �o�f� 

�t�h�e� �s�w�e�a�t� �c�o�l�l�e�c�t�i�o�n� �p�a�d�s� �w�a�s� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� �s�u�b�j�e�c�t ��s� �b�o�d�y� �b�y� �f�o�r�c�e�p�s� �a�n�d� �t�h�e�n� 

�w�e�i�g�h�e�d� �i�m�m�e�d�i�a�t�e�l�y� �i�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l�l�y�-�c�o�n�t�r�o�l�l�e�d� �r�o�o�m� �t�o� �a�v�o�i�d� �e�v�a�p�o�r�a�t�i�o�n� �o�f� �t�h�e� 

�s�w�e�a�t�.� �S�w�e�a�t� �a�m�o�u�n�t�,� �a�f�t�e�r� �t�h�e� �c�o�o�l�-�d�o�w�n� �f�o�l�l�o�w�i�n�g� �t�h�e� �4�5�-�m�i�n�u�t�e� �e�x�e�r�c�i�s�e�,� �w�a�s� �t�h�e� 

�d�i�f�f�e�r�e�n�c�e� �o�f� �t�h�e� �p�r�e�-�w�e�i�g�h�t� �a�n�d� �t�h�e� �f�i�n�a�l� �w�e�i�g�h�t� �o�f� �t�h�e� �s�w�e�a�t� �i�n� �m�i�l�l�i�g�r�a�m�s� �(�m�g�)� �d�i�v�i�d�e�d� 

�b�y� �t�h�e� �a�r�e�a� �o�f� �t�h�e� �p�a�d� �(�c�m ��)�.� 

�T�h�e� �s�u�b�j�e�c�t� �w�a�s� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� �r�o�o�m� �t�o� �a�n� �u�n�c�o�n�d�i�t�i�o�n�e�d� 

�r�o�o�m� �a�n�d� �w�e�i�g�h�e�d� �a�g�a�i�n�.� �T�h�e�n�,� �t�h�e� �s�u�b�j�e�c�t� �c�h�a�n�g�e�d� �t�o� �h�i�s� �o�w�n� �c�l�o�t�h�e�s� �a�n�d� �w�a�s� �g�i�v�e�n� 

�1�6� �o�z�.� �o�f� �w�a�t�e�r� �f�o�r� �e�v�e�r�y� �p�o�u�n�d� �o�f� �w�e�i�g�h�t� �l�o�s�s� �t�o� �p�r�e�v�e�n�t� �d�e�h�y�d�r�a�t�i�o�n�.� �T�h�i�r�t�y�-�m�i�n�u�t�e� 

�r�e�c�o�v�e�r�y� �w�a�s� �p�r�o�v�i�d�e�d� �t�o� �o�b�s�e�r�v�e� �s�i�g�n�s� �o�f� �d�i�s�t�r�e�s�s� �b�e�f�o�r�e� �t�h�e� �s�u�b�j�e�c�t� �w�a�s� �r�e�l�e�a�s�e�d�.� 

�T�h�e� �c�r�i�t�e�r�i�a� �f�o�r� �r�e�m�o�v�i�n�g� �a� �s�u�b�j�e�c�t� �f�r�o�m� �t�h�e� �c�h�a�m�b�e�r� �d�u�r�i�n�g� �t�h�e� �t�e�s�t� �w�e�r�e� �(�a�)� 

�h�e�a�r�t� �b�e�a�t� �o�f� �(�2�2�0� �-� �h�i�s� �o�w�n� �a�g�e�)� �b�e�a�t�s�/�m�i�n�,� �(�b�)� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �1�0�2�.�2�°�F�,� �(�c�)� �r�a�t�i�n�g� �o�f� 

�p�e�r�c�e�i�v�e�d� �e�x�e�r�t�i�o�n� �o�f� �1�7�,� �(�d�)� �n�a�u�s�e�a�,� �v�o�m�i�t�i�n�g�,� �o�r� �d�i�s�o�r�i�e�n�t�a�t�i�o�n�,� �o�r� �(�e�)� �r�e�q�u�e�s�t� �b�y� �t�h�e� 

�s�u�b�j�e�c�t�.� �N�o� �s�u�b�j�e�c�t�s� �w�e�r�e� �r�e�m�o�v�e�d� �d�u�r�i�n�g� �t�h�e� �t�e�s�t�,� �a�s� �n�o�n�e� �o�f� �t�h�e�s�e� �c�r�i�t�e�r�i�a� �w�e�r�e� �m�e�t�.� 
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�D�a�t�a� �A�n�a�l�y�s�i�s� 

�T�o� �t�e�s�t� �h�y�p�o�t�h�e�s�e�s� �1�-�1�2�,� �s�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s� �w�a�s� �p�e�r�f�o�r�m�e�d� �u�s�i�n�g� �s�o�f�t�w�a�r�e� �o�f� �t�h�e� 

�S�A�S� �I�n�s�t�i�t�u�t�e�.� �T�h�e� �d�a�t�a� �a�n�a�l�y�s�i�s� �f�o�r� �t�h�e� �r�e�s�e�a�r�c�h� �h�y�p�o�t�h�e�s�e�s� �1�-�1�2� �e�m�p�l�o�y�e�d� �t�h�e� �r�e�p�e�a�t�e�d� 

�m�e�a�s�u�r�e�s� �d�e�s�i�g�n�,� �a� �t�y�p�e� �o�f� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e�,� �w�i�t�h� �w�i�t�h�i�n�-�s�u�b�j�e�c�t� �v�a�r�i�a�b�l�e�s� �a�n�d� �w�i�t�h� 

�e�v�e�r�y� �s�u�b�j�e�c�t� �s�e�r�v�i�n�g� �i�n� �e�v�e�r�y� �c�e�l�l�.� �E�a�c�h� �s�u�b�j�e�c�t� �s�e�r�v�e�d� �a�s� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �u�n�i�t� �o�n� �w�h�i�c�h� 

�e�a�c�h� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e� �w�a�s� �m�e�a�s�u�r�e�d� �r�e�p�e�a�t�e�d�l�y�.� �T�h�e� �a�n�a�l�y�s�i�s� �w�a�s� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� 

�t�h�e� �A�N�O�V�A� �s�t�a�t�e�m�e�n�t� �t�o� �s�e�t� �t�h�e� �e�r�r�o�r� �s�u�m� �o�f� �s�q�u�a�r�e� �e�q�u�a�l� �t�o� �z�e�r�o�.� �T�h�e� �e�r�r�o�r� �t�e�r�m� �o�f� 

�e�a�c�h� �e�f�f�e�c�t� �w�a�s� �t�h�e� �e�r�r�o�r� �o�f� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �e�f�f�e�c�t� �a�n�d� �s�u�b�j�e�c�t�.� �I�n� �t�h�e� 

�s�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s�,� �t�h�e� �s�i�g�n�i�f�i�c�a�n�c�e� �l�e�v�e�l� �o�f� �p�<�0�.�0�5� �w�a�s� �s�e�t� �f�o�r� �r�e�j�e�c�t�i�n�g� �a�n�y� �o�f� �t�h�e� �n�u�l�l� 

�h�y�p�o�t�h�e�s�e�s� �o�f� �n�o� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �m�e�a�n�s� �i�n� �t�h�e� �v�a�r�i�a�b�l�e� �o�f� �i�n�t�e�r�e�s�t�.� �W�h�e�n� �s�u�c�h� �a� �n�u�l�l� 

�h�y�p�o�t�h�e�s�i�s� �w�a�s� �r�e�j�e�c�t�e�d�,� �p�o�s�t� �h�o�c� �a�n�a�l�y�s�i�s� �e�n�s�u�e�d� �b�y� �t�h�e� �F�i�s�h�e�r ��s� �L�e�a�s�t� �S�i�g�n�i�f�i�c�a�n�t� 

�D�i�f�f�e�r�e�n�c�e� �(�L�S�D�)� �t�e�s�t� �t�o� �e�l�u�c�i�d�a�t�e� �w�h�i�c�h� �o�f� �t�h�e� �m�e�a�n�s� �i�n� �t�h�e� �r�e�l�e�v�a�n�t� �v�a�r�i�a�b�l�e� �d�i�f�f�e�r�e�d� 

�s�i�g�n�i�f�i�c�a�n�t�l�y�.� �H�y�p�o�t�h�e�s�e�s� �1�3� �a�n�d� �1�4�,� �o�n� �t�h�e� �r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �r�e�s�u�l�t�s� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �a�n�d� 

�i�n� �H�e�n�n�e�s�s�e�y ��s� �(�1�9�9�7�)� �r�e�s�e�a�r�c�h�,� �d�i�d� �n�o�t� �l�e�n�d� �t�h�e�m�s�e�l�v�e�s� �t�o� �s�t�a�t�i�s�t�i�c�a�l� �t�e�s�t�i�n�g�.� �G�r�a�p�h�i�c�a�l� 

�a�n�d� �n�u�m�e�r�i�c� �c�o�m�p�a�r�i�s�o�n� �w�a�s� �t�h�e� �a�p�p�r�o�a�c�h� �t�a�k�e�n�.� �D�e�t�a�i�l�s� �f�o�l�l�o�w� �o�n� �d�a�t�a� �a�n�a�l�y�s�i�s� 

�p�r�o�c�e�d�u�r�e�s� �s�p�e�c�i�f�i�c� �t�o� �i�n�d�i�v�i�d�u�a�l� �h�y�p�o�t�h�e�s�e�s�.� 

�H�y�p�o�t�h�e�s�e�s� �1�,� �3�,� �a�n�d� �4�.� �T�o� �t�e�s�t� �h�y�p�o�t�h�e�s�e�s� �1�,� �3� �a�n�d� �4�,� �t�h�e� �r�e�p�e�a�t�e�d� �m�e�a�s�u�r�e�s� 

�d�e�s�i�g�n� �w�i�t�h� �t�h�r�e�e� �w�i�t�h�i�n�-�s�u�b�j�e�c�t� �v�a�r�i�a�b�l�e�s� �w�a�s� �a�p�p�l�i�e�d�.� 
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�-� �D�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�.� �T�h�e� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�,� �c�o�m�m�o�n� �t�o� �t�h�e� �t�e�s�t�i�n�g� �o�f� �t�h�e�s�e� 

�t�h�r�e�e� �h�y�p�o�t�h�e�s�e�s�,� �w�a�s� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �m�e�a�s�u�r�e�d� �e�v�e�r�y� �5� �m�i�n�u�t�e�s� �f�r�o�m� �t�h�e� �b�e�g�i�n�n�i�n�g� �t�o� 

�t�h�e� �e�n�d� �o�f� �t�h�e� �4�5�-�m�i�n�u�t�e� �e�x�e�r�c�i�s�e�.� 

�-� �I�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s�.� �T�h�e� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s�,� �a�l�l� �o�f� �t�h�e�m� �w�i�t�h�i�n�-�s�u�b�j�e�c�t� 

�v�a�r�i�a�b�l�e�s�,� �w�e�r�e� �t�h�e� �f�o�l�l�o�w�i�n�g�.� 

�a�)� �S�e�v�e�n� �g�a�r�m�e�n�t� �o�p�t�i�o�n�s�:� �S�G�1�;� �S�G�1� �w�i�t�h� �T�k� �s�l�e�e�v�e�;� �S�G�1� �w�i�t�h� �P�I� �s�l�e�e�v�e�;� �S�G�1� 

�w�i�t�h� �P�I�I� �s�l�e�e�v�e�;� �S�G�1� �&� �S�G�2�;� �S�G�I� �&� �S�G�2� �w�i�t�h� �P�I� �s�l�e�e�v�e�;� �a�n�d� �S�G�1� �&� �S�G�2� �w�i�t�h� �P�I�I� 

�s�l�e�e�v�e�.� 

�b�)� �T�h�r�e�e� �b�o�d�y� �s�i�t�e�s�:� �t�h�e� �r�i�g�h�t� �a�n�d� �l�e�f�t� �a�r�m�s�,� �a�n�d� �t�h�e� �c�h�e�s�t�,� �f�o�r� �s�k�i�n�-�t�e�m�p�e�r�a�t�u�r�e� 

�m�e�a�s�u�r�e�m�e�n�t�.� 

�c�)� �1�0� �f�i�v�e�-�m�i�n�u�t�e� �i�n�t�e�r�v�a�l�s� �o�f� �t�i�m�e� �f�r�o�m� �t�h�e� �b�e�g�i�n�n�i�n�g� �t�o� �t�h�e� �e�n�d� �o�f� �t�h�e� �4�5�-�m�i�n�u�t�e� 

�e�x�e�r�c�i�s�e�.� 

�-� �M�o�d�e�l�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �i�s� �t�h�e� �m�o�d�e�l� �f�o�r� �t�h�i�s� �r�e�p�e�a�t�e�d� �m�e�a�s�u�r�e�s� �d�e�s�i�g�n�,� �w�h�i�c�h� 

�i�n�c�l�u�d�e�s� �t�h�e� �e�f�f�e�c�t�s� �o�f� �e�a�c�h� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e� �a�n�d� �t�h�e�i�r� �i�n�t�e�r�a�c�t�i�o�n�s�.� 

�Y�i�g�k�m� �=� �M�+� �a�i�t� �B�y�+� �v�k� �+� �(�Q�B�)� �i�j�t� �(�a�y�)� �i�k�t� �(�B�Y�)� �j�k� �+� �(�Q�B�N� �i�j�k� �+� �%� �m�+� �(�a�n�)� 

�i�m�t� �(�B�A�)� �j�i�m�+� �(�Y�D� �k�m� �+� �(�a�B�2�)� �i�j�m� �+� �(�B�Y�D� �j�h� �+� �(�A�Y� �i�k�m� �+� �(�@�B�Y�D� �i�j�k�m� �+� �©� �i�j�k�m� 

�w�h�e�r�e� �y� �j�j�k�m� �d�e�n�o�t�e�s� �s�k�i�n�-�t�e�m�p�e�r�a�t�u�r�e� �r�e�s�p�o�n�s�e�:� �i� �t�h�e� �o�v�e�r�a�l�l� �s�k�i�n�-�t�e�m�p�e�r�a�t�u�r�e� �m�e�a�n�;� �@� �;� 

�t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �i �� �g�a�r�m�e�n�t�;� � �;� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �j �� �b�o�d�y� �s�i�t�e�;� �y� �x� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �k�"� �t�i�m�e� 

�i�n�t�e�r�v�a�l�;� �7� �y�,� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �m!"� �s�u�b�j�e�c�t�;� �a�n�d� �¢� �i�j�k�m� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �e�r�r�o�r�.� 
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�H�y�p�o�t�h�e�s�e�s� �2�,� �5� �a�n�d� �6�.� �T�o� �t�e�s�t� �h�y�p�o�t�h�e�s�e�s� �2�,� �5� �a�n�d� �6�,� �t�h�e� �r�e�p�e�a�t�e�d� �m�e�a�s�u�r�e�s� 

�d�e�s�i�g�n� �w�i�t�h� �t�w�o� �w�i�t�h�i�n�-�s�u�b�j�e�c�t� �v�a�r�i�a�b�l�e�s� �w�a�s� �a�p�p�l�i�e�d�.� 

�-� �D�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�.� �T�h�e� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�,� �c�o�m�m�o�n� �t�o� �t�h�e� �t�e�s�t�i�n�g� �o�f� �t�h�e�s�e� 

�t�h�r�e�e� �h�y�p�o�t�h�e�s�e�s�,� �w�a�s� �s�w�e�a�t� �a�m�o�u�n�t� �(�m�g�/�c�m ��)�,� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �a� �s�w�e�a�t� �c�o�l�l�e�c�t�i�o�n� 

�p�a�d ��s� �p�r�e�-�w�e�i�g�h�t� �a�n�d� �i�t�s� �w�e�i�g�h�t� �a�t� �t�h�e� �e�n�d� �o�f� �t�h�e� �c�o�o�l�-�d�o�w�n� �d�i�r�e�c�t�l�y� �a�f�t�e�r� �4�5� �m�i�n�u�t�e�s� �o�f� 

�c�y�c�l�i�n�g�.� 

�-� �I�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s�.� �T�h�e� �t�w�o� �w�i�t�h�i�n�-�s�u�b�j�e�c�t� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �w�e�r�e� �t�h�e� 

�f�o�l�l�o�w�i�n�g�.� 

�a�)� �S�e�v�e�n� �g�a�r�m�e�n�t� �o�p�t�i�o�n�s�:� �S�G�1�;� �S�G�1� �w�i�t�h� �T�k� �s�l�e�e�v�e�;� �S�G�1� �w�i�t�h� �P�I� �s�l�e�e�v�e�;� �S�G�1� 

�w�i�t�h� �P�I�I� �s�l�e�e�v�e�;� �S�G�]� �&� �S�G�2�;� �S�G�]� �&� �S�G�2� �w�i�t�h� �P�I� �s�l�e�e�v�e�;� �S�G�1� �&� �S�G�2� �w�i�t�h� �P�I�I� �s�l�e�e�v�e�.� 

�b�)� �T�h�r�e�e� �b�o�d�y� �s�i�t�e�s�:� �t�h�e� �r�i�g�h�t� �a�n�d� �l�e�f�t� �a�r�m�s�,� �a�n�d� �t�h�e� �c�h�e�s�t�,� �w�h�e�r�e� �s�w�e�a�t� �w�a�s� 

�c�o�l�l�e�c�t�e�d�.� 

�-� �M�o�d�e�l�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �i�s� �t�h�e� �m�o�d�e�l� �f�o�r� �t�h�i�s� �r�e�p�e�a�t�e�d� �m�e�a�s�u�r�e�s� �d�e�s�i�g�n�,� �w�h�i�c�h� 

�i�n�c�l�u�d�e�s� �t�h�e� �e�f�f�e�c�t�s� �o�f� �e�a�c�h� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e� �a�n�d� �t�h�e�i�r� �i�n�t�e�r�a�c�t�i�o�n�s�.� 

�Y�i�j�k� �=� �M�+� �a�j�t�+� �B�j� �+� �(�A�P� �i�f� �+� �k�t� �(�A�D�)� �i�k�t� �(�B�D� �j�k� �+� �(�A�B�D� �i�j�k� �+� �©� �i�j�k�.� 

�w�h�e�r�e� �y� �j�j�k� �d�e�n�o�t�e�s� �t�h�e� �s�w�e�a�t�-�a�m�o�u�n�t� �r�e�s�p�o�n�s�e�;�  ��4� �t�h�e� �o�v�e�r�a�l�l� �s�w�e�a�t� �a�m�o�u�n�t� �m�e�a�n�;� �a� �;� �t�h�e� 

�e�f�f�e�c�t� �o�f� �t�h�e� �i�"� �g�a�r�m�e�n�t�;� � �;� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �j�"� �b�o�d�y� �s�i�t�e�;� �7� �x� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �k�"� �s�u�b�j�e�c�t�;� 

�a�n�d�  ¬� �j�j�x� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �e�r�r�o�r�.� 

�H�y�p�o�t�h�e�s�e�s� �7�-�1�2�.� �T�o� �t�e�s�t� �h�y�p�o�t�h�e�s�e�s� �7�-�1�2�,� �t�h�e� �r�e�p�e�a�t�e�d� �m�e�a�s�u�r�e�s� �d�e�s�i�g�n� �w�i�t�h� �t�w�o� 

�w�i�t�h�i�n�-� �s�u�b�j�e�c�t� �v�a�r�i�a�b�l�e�s� �w�a�s� �a�p�p�l�i�e�d�.� 
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�-� �D�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s�.� �T�h�e� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �w�e�r�e� �t�h�e� �f�o�l�l�o�w�i�n�g�.� 

�a�)� �F�o�r� �h�y�p�o�t�h�e�s�e�s� �7� �a�n�d� �8�,� �r�a�t�i�n�g� �o�f� �w�e�t�n�e�s�s� �s�e�n�s�a�t�i�o�n�.� 

�b�)� �F�o�r� �h�y�p�o�t�h�e�s�e�s� �9� �a�n�d� �1�0�,� �r�a�t�i�n�g� �o�f� �t�h�e�r�m�a�l� �s�e�n�s�a�t�i�o�n�.� 

�c�)� �F�o�r� �h�y�p�o�t�h�e�s�e�s� �1�1� �a�n�d� �1�2�,� �r�a�t�i�n�g� �o�f� �o�v�e�r�a�l�l� �c�o�m�f�o�r�t� �s�e�n�s�a�t�i�o�n�.� 

�-� �I�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s�.� �T�h�e� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �w�e�r�e� �t�h�e� �f�o�l�l�o�w�i�n�g�.� 

�a�)� �S�e�v�e�n� �g�a�r�m�e�n�t� �o�p�t�i�o�n�s�:� �S�G�1�;� �S�G�1� �w�i�t�h� �T�k� �s�l�e�e�v�e�;� �S�G�]� �w�i�t�h� �P�I� �s�l�e�e�v�e�;� �S�G�1� 

�w�i�t�h� �P�I�I� �s�l�e�e�v�e�;� �S�G�1� �&� �S�G�2�;� �S�G�I� �&�S�G�2� �w�i�t�h� �P�I� �s�l�e�e�v�e�;� �a�n�d� �S�G�]� �&�S�G�2� �w�i�t�h� �P�I�I� �s�l�e�e�v�e�.� 

�b�)� �1�0� �f�i�v�e�-�m�i�n�u�t�e� �i�n�t�e�r�v�a�l�s� �o�f� �t�u�m�e� �f�r�o�m� �t�h�e� �b�e�g�i�n�n�i�n�g� �t�o� �t�h�e� �e�n�d� �o�f� �t�h�e� �4�5�-�m�i�n�u�t�e� 

�e�x�e�r�c�i�s�e�.� 

�-� �M�o�d�e�l�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �i�s� �a� �g�e�n�e�r�a�l� �m�o�d�e�l� �f�o�r� �t�h�i�s� �r�e�p�e�a�t�e�d� �m�e�a�s�u�r�e�s� �d�e�s�i�g�n�,� 

�w�h�i�c�h� �i�n�c�l�u�d�e�s� �t�h�e� �e�f�f�e�c�t�s� �o�f� �e�a�c�h� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e� �a�n�d� �t�h�e�i�r� �i�n�t�e�r�a�c�t�i�o�n�s�.� 

�V�i�j�k� �=� �M�t� �a�j�t� �B�j� �+� �(�a�D� �p�+� �7� �k�t� �(�a�n�)� �i�k�t� �(�B�M�)� �j�k� �+� �(�C�B�D� �i�j�k� �+� �©� �i�j�k� 

�w�h�e�r�e� �y� �i�j�k� �d�e�n�o�t�e�s� �t�h�e� �r�a�t�i�n�g�s� �o�f� �w�e�t�n�e�s�s�,� �o�r� �t�h�e�r�m�a�l�,� �o�r� �o�v�e�r�a�l�l� �c�o�m�f�o�r�t� �s�e�n�s�a�t�i�o�n� 

�r�e�s�p�o�n�s�e�;� �y�u� �t�h�e� �o�v�e�r�a�l�l� �m�e�a�n� �r�a�t�i�n�g� �o�f� �w�e�t�n�e�s�s�,� �o�r� �t�h�e�r�m�a�l�,� �o�r� �o�v�e�r�a�l�l� �c�o�m�f�o�r�t� �s�e�n�s�a�t�i�o�n�s�;� 

�a� �;� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �i�"� �g�a�r�m�e�n�t�;� �£� �j�_� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �j�"� �t�i�m�e� �i�n�t�e�r�v�a�l�;� �z� �;� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� 

�k�"� �s�u�b�j�e�c�t�;� �a�n�d� �¢� �i�j�k� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �e�r�r�o�r�.� 

�H�y�p�o�t�h�e�s�e�s� �1�3� �a�n�d� �1�4�.� �H�i�s�t�o�g�r�a�m�s� �w�e�r�e� �u�s�e�d� �t�o� �f�a�c�i�l�i�t�a�t�e� �t�h�e� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� � � 

�e�x�p�e�r�i�m�e�n�t�a�l� �f�a�b�r�i�c�s �� �r�a�n�k� �o�r�d�e�r�s� �i�n� �t�h�e� �c�u�r�r�e�n�t� �s�t�u�d�y� �a�n�d� �i�n� �H�e�n�n�e�s�s�e�y ��s� �(�1�9�9�7�)� �s�t�u�d�y�.� 

�H�y�p�o�t�h�e�s�e�s� �1�3� �a�n� �d�1�4� �r�e�s�p�e�c�t�i�v�e�l�y� �c�o�n�c�e�r�n� �t�h�e� �r�a�n�k� �o�r�d�e�r�s� �o�n� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �s�w�e�a�t� 

�a�m�o�u�n�t�.� 
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�a�)� �T�o� �d�e�t�e�r�m�i�n�e� �a�n�d� �c�o�m�p�a�r�e� �t�h�e� �t�h�r�e�e� �e�x�p�e�r�i�m�e�n�t�a�l� �f�a�b�r�i�c�s �� �r�a�n�k� �o�r�d�e�r�s� �o�n� �s�k�i�n� 

�t�e�m�p�e�r�a�t�u�r�e�,� �h�i�s�t�o�g�r�a�m�s� �w�e�r�e� �p�l�o�t�t�e�d� �o�f� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �(�X�-�a�x�i�s�)� �v�s�.� �e�x�p�e�r�i�m�e�n�t�a�l� �f�a�b�r�i�c� 

�t�y�p�e�s�,� �i�.�e�.�,� �T�y�v�e�k�®�,� �P�r�o�/�S�h�i�e�l�d� �J�I�®�,� �a�n�d� �P�r�o�/�S�h�i�e�l�d� �I�®� �(�Y�-�a�x�i�s�)�,� �a�t� �e�a�c�h� �o�f� �f�o�u�r� �t�i�m�e� 

�i�n�t�e�r�v�a�l�s� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�:� �t�h�e� �b�e�g�i�n�n�i�n�g�,� �1�5� �m�i�n�u�t�e�s�,� �3�0� �m�i�n�u�t�e�s�,� �a�n�d� �4�5� �m�i�n�u�t�e�s�.� �T�h�e�r�e� 

�w�e�r�e� �t�w�o� �d�a�t�a� �s�e�t�s� �o�f� �t�h�e� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �f�o�u�r� �t�i�m�e� �i�n�t�e�r�v�a�l�s�-�-�t�h�e� �l�e�f�t� �a�r�m� 

�s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �d�a�t�a� �f�r�o�m� �t�h�e� �c�u�r�r�e�n�t� �s�t�u�d�y� �a�n�d� �t�h�e� �a�v�e�r�a�g�e�d� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �d�a�t�a� �f�r�o�m� 

�H�e�n�n�e�s�s�e�y� �(�1�9�9�7�)�.� 

�b�)� �T�o� �d�e�t�e�r�m�i�n�e� �a�n�d� �c�o�m�p�a�r�e� �t�h�e� �t�h�r�e�e� �e�x�p�e�r�i�m�e�n�t�a�l� �f�a�b�r�i�c�s �� �r�a�n�k� �o�r�d�e�r�s� �o�n� �s�w�e�a�t� 

�a�m�o�u�n�t�,� �h�i�s�t�o�g�r�a�m�s� �w�e�r�e� �p�l�o�t�t�e�d� �o�f� �t�h�r�e�e� �d�a�t�a� �s�e�t�s� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� 

�e�x�p�e�r�i�m�e�n�t�a�l� �f�a�b�r�i�c�s�,� �i�e�.�,� �T�y�v�e�k�®�,� �P�r�o�/�S�h�i�e�l�d� �I�T�®�,� �a�n�d� �P�r�o�/�S�h�i�e�l�d� �I�®� �.� �T�h�e� �f�i�r�s�t� �d�a�t�a� �s�e�t� 

�w�a�s� �t�h�e� �a�v�e�r�a�g�e�d� �s�w�e�a�t� �a�m�o�u�n�t� �o�b�s�e�r�v�e�d� �b�y� �H�e�n�n�e�s�s�e�y� �(�1�9�9�7�)�.� �T�h�e� �o�t�h�e�r� �t�w�o� �s�e�t�s� �w�e�r�e� 

�f�r�o�m� �t�h�e� �c�u�r�r�e�n�t� �s�t�u�d�y�;� �o�n�e� �s�e�t� �f�r�o�m� �s�u�b�j�e�c�t�s� �w�e�a�r�i�n�g� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s� �a�s� �t�h�e� �s�t�a�n�d�a�r�d� 

�a�r�m�e�n�t�,� �t�h�e� �o�t�h�e�r� �f�r�o�m� �s�u�b�j�e�c�t�s� �w�e�a�r�i�n�g� �a� �T�y�v�e�k�®� �c�o�v�e�r�a�l�l� �o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s�.� �g� �J� �g�a�l�y� �P�p� 
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�C�H�A�P�T�E�R� �V� 

�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�T�h�i�s� �c�h�a�p�t�e�r� �c�o�n�t�a�i�n�s� �f�o�u�r� �s�e�c�t�i�o�n�s�.� �T�h�e� �f�i�r�s�t� �t�h�r�e�e� �s�e�c�t�i�o�n�s� �a�r�e� �o�r�g�a�n�i�z�e�d� 

�a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �a�s� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �o�r�d�e�r�:� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�,� �s�w�e�a�t� 

�a�m�o�u�n�t�,� �a�n�d� �t�h�e� �s�u�b�j�e�c�t�i�v�e� �c�o�m�f�o�r�t� �e�v�a�l�u�a�t�i�o�n�s� �b�y� �t�h�e� �s�u�b�j�e�c�t�s�.� �T�h�e� �l�a�s�t� �s�e�c�t�i�o�n� �f�o�c�u�s�e�s� 

�o�n� �t�h�e� �c�o�m�p�a�r�i�s�o�n� �b�e�t�w�e�e�n� �t�h�e� �c�u�r�r�e�n�t� �s�t�u�d�y ��s� �r�e�s�u�l�t�s� �a�n�d� �H�e�n�n�e�s�s�e�y ��s� �(�1�9�9�7�)� �r�e�s�u�l�t�s�.� 

�S�k�i�n� �T�e�m�p�e�r�a�t�u�r�e� 
� � 

�T�h�i�s� �s�e�c�t�i�o�n� �r�e�p�o�r�t�s� �r�e�s�u�l�t�s� �o�n� �t�h�e� �a�s�p�e�c�t�s� �o�f� �r�e�s�e�a�r�c�h� �o�b�j�e�c�t�i�v�e�s� �1� �a�n�d� �2� �w�h�i�c�h� 

�d�e�a�l� �w�i�t�h� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �e�f�f�e�c�t�s� �o�n� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �t�h�e� �t�h�r�e�e� �b�o�d�y� �s�i�t�e�s� �a�n�d� �t�h�e� �t�h�r�e�e� 

�f�a�b�r�i�c� �t�y�p�e�s� �i�n� �t�h�e� �i�n�v�e�s�t�i�g�a�t�i�o�n�.� �T�h�e� �s�e�c�t�i�o�n� �a�l�s�o� �a�d�d�r�e�s�s�e�s� �t�h�e� �t�h�r�e�e� �a�s�s�o�c�i�a�t�e�d� 

�h�y�p�o�t�h�e�s�e�s� �c�o�n�c�e�r�n�i�n�g� �t�h�o�s�e� �e�f�f�e�c�t�s�,� �b�e�c�a�u�s�e� �o�f� �t�h�e� �s�i�m�u�l�t�a�n�e�o�u�s� �t�e�s�t�i�n�g� �o�f� �t�h�e� �e�f�f�e�c�t�s� 

�t�h�r�o�u�g�h� �r�e�p�e�a�t�e�d�-�m�e�a�s�u�r�e�s� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �w�i�t�h� �t�h�r�e�e� �w�i�t�h�i�n�-�s�u�b�j�e�c�t�s� �i�n�d�e�p�e�n�d�e�n�t� 

�v�a�r�i�a�b�l�e�s�.� �T�h�e� �w�i�t�h�i�n�-�s�u�b�j�e�c�t�s� �v�a�r�i�a�b�l�e�s�,� �w�h�i�c�h� �c�o�n�s�t�i�t�u�t�e�d� �t�h�e� �m�a�i�n� �e�f�f�e�c�t�s� �i�n� �t�h�e� 

�a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e�,� �w�e�r�e� �g�a�r�m�e�n�t� �o�p�t�i�o�n�s�,� �b�o�d�y� �s�i�t�e�s�,� �a�n�d� �f�i�v�e�-�m�i�n�u�t�e� �t�i�m�e� �i�n�t�e�r�v�a�l�s�.� 

�A�s� �t�h�e� �p�r�e�v�i�o�u�s� �c�h�a�p�t�e�r� �e�x�p�l�a�i�n�e�d�,� �t�h�e� �g�a�r�m�e�n�t� �o�p�t�i�o�n� �v�a�r�i�a�b�l�e� �h�a�s� �s�e�v�e�n� �c�a�t�e�g�o�r�i�e�s� 

�w�h�i�c�h� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �t�w�o� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t�s� �(�T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s� �d�e�n�o�t�e�d� �a�s� �o�n�e� �g�a�r�m�e�n�t�,� 

�a�n�d� �t�h�e� �T�y�v�e�k�®� �c�o�v�e�r�a�l�l� �o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s� �a�s� �t�h�e� �o�t�h�e�r�)�,� �a�n�d� �f�o�r� �s�l�e�e�v�e�s� �a�l�t�e�r�n�a�t�e�d� 

�o�n� �t�h�e� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t�s�.� �T�h�e� �b�o�d�y� �s�i�t�e�s� �a�r�e� �t�h�e� �c�h�e�s�t� �a�n�d� �t�h�e� �t�w�o� �a�r�m�s�,� �a�n�d� �t�h�e� �f�i�v�e�-� 

�m�i�n�u�t�e� �t�i�m�e� �i�n�t�e�r�v�a�l�s� �a�r�e� �f�r�o�m� �s�t�a�r�t� �t�o� �f�i�n�i�s�h� �i�n� �t�h�e� �4�5� �m�i�n�u�t�e�s� �o�f� �c�y�c�l�i�n�g�.� �T�h�e� �i�n�c�l�u�s�i�o�n� 
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�o�f� �t�h�e� �t�i�m�e�-�i�n�t�e�r�v�a�l� �v�a�r�i�a�b�l�e� �e�n�a�b�l�e�d� �t�e�s�t�i�n�g� �o�f� �t�h�e� �e�f�f�e�c�t�s� �o�f� �t�h�e� �b�o�d�y� �s�i�t�e�s� �a�n�d� �t�h�e� 

�g�a�r�m�e�n�t� �o�p�t�i�o�n�s� �o�n� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �b�y� �t�i�m�e� �i�n�t�e�r�v�a�l�s�,� �a�s� �s�t�a�t�e�d� �i�n� �h�y�p�o�t�h�e�s�e�s� �1�,� �3�,� �a�n�d� �4�.� 

�T�a�b�l�e� �6� �s�u�m�m�a�r�i�z�e�s� �t�h�e� �o�v�e�r�a�l�l� �r�e�s�u�l�t�s� �o�f� �t�h�e� �r�e�p�e�a�t�e�d� �m�e�a�s�u�r�e�s� �a�n�a�l�y�s�i�s� �o�f� 

�v�a�r�i�a�n�c�e�.� �T�h�e� �r�e�s�u�l�t�s� �s�h�o�w� �t�h�a�t�,� �a�t� �t�h�e� �5�%� �s�i�g�n�i�f�i�c�a�n�c�e� �l�e�v�e�l�,� �t�h�e� �g�a�r�m�e�n�t�,� �s�i�t�e�,� �a�n�d� �t�i�m�e� 

�m�a�i�n� �e�f�f�e�c�t�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�,� �a�s� �w�e�r�e� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �a�m�o�n�g� �t�h�o�s�e� �t�h�r�e�e� �v�a�r�i�a�b�l�e�s� 

�(�s�e�c�o�n�d�-�o�r�d�e�r� �i�n�t�e�r�a�c�t�i�o�n�)� �a�n�d� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� �g�a�r�m�e�n�t� �a�n�d� �s�i�t�e� �a�n�d� �b�e�t�w�e�e�n� �s�i�t�e� 

�a�n�d� �t�i�m�e� �(�f�i�r�s�t�-�o�r�d�e�r� �i�n�t�e�r�a�c�t�i�o�n�s�)�.� �T�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �g�a�r�m�e�n�t� �a�n�d� �t�i�m�e� �w�a�s� �n�o�t� 

�s�i�g�n�i�f�i�c�a�n�t�.� �T�h�e� �s�i�g�n�i�f�i�c�a�n�t� �s�e�c�o�n�d�-�o�r�d�e�r� �i�n�t�e�r�a�c�t�i�o�n� �a�m�o�n�g� �g�a�r�m�e�n�t�,� �s�i�t�e�,� �a�n�d� �t�i�m�e� 

�m�e�a�n�s� �t�h�a�t� �t�h�e� �f�i�r�s�t�-�o�r�d�e�r� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �a�n�y� �t�w�o� �o�f� �t�h�o�s�e� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� 

�i�n�t�e�r�a�c�t�e�d� �w�i�t�h� �t�h�e� �o�t�h�e�r� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s�.� �T�h�a�t� �i�s�,� �t�h�e� �g�a�r�m�e�n�t�-�b�o�d�y� �s�i�t�e� �i�n�t�e�r�a�c�t�i�o�n� 

�e�f�f�e�c�t� �o�n� �m�e�a�s�u�r�e�d� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �i�n�t�e�r�a�c�t�e�d� �w�i�t�h� �t�h�e� �e�f�f�e�c�t� �o�f� �t�i�m�e� �i�n�t�e�r�v�a�l�s� �o�n� 

�m�e�a�s�u�r�e�d� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�.� �T�h�e� �b�o�d�y� �s�i�t�e�-�t�i�m�e� �i�n�t�e�r�a�c�t�i�o�n� �e�f�f�e�c�t� �o�n� �m�e�a�s�u�r�e�d� �s�k�i�n� 

�t�e�m�p�e�r�a�t�u�r�e� �i�n�t�e�r�a�c�t�e�d� �w�i�t�h� �t�h�e� �e�f�f�e�c�t� �o�f� �g�a�r�m�e�n�t� �o�p�t�i�o�n�s� �o�n� �m�e�a�s�u�r�e�d� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�.� 

�L�i�k�e�w�i�s�e�,� �t�h�e� �g�a�r�m�e�n�t�-�t�i�m�e� �i�n�t�e�r�a�c�t�i�o�n� �e�f�f�e�c�t� �o�n� �m�e�a�s�u�r�e�d� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �i�n�t�e�r�a�c�t�e�d� 

�w�i�t�h� �t�h�e� �e�f�f�e�c�t� �o�f� �b�o�d�y� �s�i�t�e� �o�n� �m�e�a�s�u�r�e�d� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�.� �T�h�e� �g�a�r�m�e�n�t�-�t�i�m�e� �i�n�t�e�r�a�c�t�i�o�n� 

�w�a�s� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�,� �h�o�w�e�v�e�r�.� 

�T�h�e� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �t�h�e� �s�e�c�o�n�d�-�o�r�d�e�r� �i�n�t�e�r�a�c�t�i�o�n� �a�m�o�n�g� �g�a�r�m�e�n�t�,� �s�i�t�e�,� �a�n�d� �t�i�m�e� �l�e�d� 

�t�o� �f�u�r�t�h�e�r� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �f�i�r�s�t�-�o�r�d�e�r� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �t�h�o�s�e� �s�a�m�e� �v�a�r�i�a�b�l�e�s� �a�t� �e�a�c�h� �l�e�v�e�l� �o�f� 

�t�h�e� �t�h�i�r�d� �o�f� �t�h�o�s�e� �v�a�r�i�a�b�l�e�s�.� �T�h�e� �i�n�t�e�r�a�c�t�i�o�n� �p�l�o�t�s� �b�e�t�w�e�e�n� �g�a�r�m�e�n�t� �o�p�t�i�o�n�s� �a�n�d� �t�i�m�e� 

�i�n�t�e�r�v�a�l�s� �a�t� �e�a�c�h� �b�o�d�y� �s�i�t�e� �(�F�i�g�u�r�e� �8�)� �a�n�d� �b�e�t�w�e�e�n� �b�o�d�y� �s�i�t�e�s� �a�n�d� �t�i�m�e� �i�n�t�e�r�v�a�l�s� �f�o�r� �e�a�c�h� 

�g�a�r�m�e�n�t� �o�p�t�i�o�n� �(�F�i�g�u�r�e� �9�)� �s�h�o�w� �t�h�a�t�,� �a�t� �e�v�e�r�y� �b�o�d�y� �s�i�t�e�,� �m�e�a�s�u�r�e�d� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� 
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�T�a�b�l�e� �6� 

�A�n�a�l�y�s�i�s� �o�f� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �w�i�t�h� �r�e�p�e�a�t�e�d� �m�e�a�s�u�r�e�s� �o�n� �g�a�r�m�e�n�t� �o�p�t�i�o�n�s�,� �b�o�d�y� �s�i�t�e�s�,� �a�n�d� 

�f�i�v�e�-�m�i�n�u�t�e� �t�i�m�e� �i�n�t�e�r�v�a�l� 
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�i�n�c�r�e�a�s�e�d� �w�i�t�h� �e�x�e�r�c�i�s�e� �t�i�m�e�.� �T�h�e� �g�r�e�a�t�e�s�t� �t�e�m�p�e�r�a�t�u�r�e� �i�n�c�r�e�m�e�n�t�s� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �f�i�r�s�t� 

�1�5�-�2�0� �m�i�n�u�t�e�s�,� �a�f�t�e�r� �w�h�i�c�h� �t�h�e� �i�n�c�r�e�m�e�n�t�s� �w�e�r�e� �s�m�a�l�l�e�r� �b�e�c�a�u�s�e�,� �b�a�s�e�d� �o�n� �h�e�a�t� �t�r�a�n�s�f�e�r� 

�p�r�i�n�c�i�p�l�e�s�,� �t�h�e� �g�r�e�a�t�e�r� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �g�r�a�d�i�e�n�t� �b�e�t�w�e�e�n� �t�h�e� �c�o�r�e� �a�n�d� �t�h�e� �s�k�i�n�,� �t�h�e� �h�i�g�h�e�r� 

�t�h�e� �r�a�t�e� �o�f� �h�e�a�t� �t�r�a�n�s�f�e�r�.� �F�u�r�t�h�e�r� �s�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �a�b�o�v�e� �i�n�t�e�r�a�c�t�i�o�n�s� �w�a�s� �n�o�t� 

�c�o�n�d�u�c�t�e�d� �b�e�c�a�u�s�e� �o�f� �t�h�e� �o�b�v�i�o�u�s� �t�r�e�n�d� �o�f� �i�n�c�r�e�a�s�i�n�g� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �w�i�t�h� �e�x�e�r�c�i�s�e� �t�i�m�e�,� 

�a�n�d� �b�e�c�a�u�s�e� �o�f� �t�h�e� �i�n�c�l�u�s�i�o�n� �o�f� �t�h�e� �t�i�m�e�-�i�n�t�e�r�v�a�l� �v�a�r�i�a�b�l�e� �t�o� �e�n�a�b�l�e� �t�e�s�t�i�n�g� �t�h�e� �e�f�f�e�c�t�s� �o�f� 

�t�h�e� �b�o�d�y� �s�i�t�e�s� �a�n�d� �t�h�e� �g�a�r�m�e�n�t� �o�p�t�i�o�n�s� �o�n� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�.� 

�T�h�e� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �g�a�r�m�e�n�t�-�s�i�t�e� �i�n�t�e�r�a�c�t�i�o�n� �a�n�d� �t�h�e� �t�i�m�e� �i�n�t�e�r�v�a�l�s� �w�a�s� 

�i�n�v�e�s�t�i�g�a�t�e�d� �b�y� �a�n�a�l�y�z�i�n�g� �t�h�e� �g�a�r�m�e�n�t�-�s�i�t�e� �i�n�t�e�r�a�c�t�i�o�n� �a�t� �e�a�c�h� �t�i�m�e� �i�n�t�e�r�v�a�l� �(�A�p�p�e�n�d�i�x� �E�)�.� 

�B�e�c�a�u�s�e� �o�f� �t�h�e� �s�i�g�n�i�f�i�c�a�n�t� �(�0�.�0�5� �l�e�v�e�l�)� �i�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� �g�a�r�m�e�n�t� �o�p�t�i�o�n�s� �a�n�d� �b�o�d�y� 

�s�i�t�e�s�,� �a�t� �e�v�e�r�y� �t�i�m�e� �i�n�t�e�r�v�a�l�,� �f�u�r�t�h�e�r� �a�n�a�l�y�s�i�s� �w�a�s� �c�o�n�d�u�c�t�e�d� �o�n� �t�h�e� �e�f�f�e�c�t� �o�f� �e�a�c�h� �o�f� �t�h�o�s�e� 

�t�w�o� �v�a�r�i�a�b�l�e�s� �o�n� �m�e�a�s�u�r�e�d� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�,� �a�t� �i�n�d�i�v�i�d�u�a�l� �l�e�v�e�l�s� �o�f� �t�h�e� �o�t�h�e�r� �v�a�r�i�a�b�l�e� �a�n�d� 

�t�i�m�e� �i�n�t�e�r�v�a�l�s�.� �T�h�i�s� �e�f�f�e�c�t� �i�s� �c�a�l�l�e�d� �s�i�m�p�l�e� �m�a�i�n� �e�f�f�e�c�t�.� �T�h�e�r�e�f�o�r�e�,� �i�n� �t�h�i�s� �c�a�s�e�,� �t�h�e�r�e� �w�e�r�e� 

�t�w�o� �t�y�p�e�s� �o�f� �s�i�m�p�l�e� �m�a�i�n� �e�f�f�e�c�t�s�:� �a�)� �s�i�m�p�l�e� �e�f�f�e�c�t� �o�f� �b�o�d�y� �s�i�t�e�s� �f�o�r� �e�a�c�h� �g�a�r�m�e�n�t� �o�p�t�i�o�n� 

�a�n�d� �t�i�m�e� �i�n�t�e�r�v�a�l�;� �a�n�d� �b�)� �s�i�m�p�l�e� �e�f�f�e�c�t� �o�f� �g�a�r�m�e�n�t� �o�p�t�i�o�n�s� �a�t� �e�a�c�h� �b�o�d�y� �s�i�t�e� �a�n�d� �t�i�m�e� 

�i�n�t�e�r�v�a�l�.� 

�S�i�m�p�l�e� �e�f�f�e�c�t�_�o�f� �b�o�d�y� �s�i�t�e�s� �f�o�r� �e�a�c�h� �g�a�r�m�e�n�t� �o�p�t�i�o�n� �a�n�d� �t�i�m�e� �i�n�t�e�r�v�a�l�.� �I�n� �t�h�e� 

�a�n�a�l�y�s�i�s� �o�f� �t�h�e� �s�i�m�p�l�e� �e�f�f�e�c�t� �o�f� �b�o�d�y� �s�i�t�e�s� �f�o�r� �e�a�c�h� �g�a�r�m�e�n�t� �o�p�t�i�o�n� �a�n�d� �t�i�m�e� �i�n�t�e�r�v�a�l� 

�(�A�p�p�e�n�d�i�x� �F�)�,� �a�t� �t�h�e� �5�%� �s�i�g�n�i�f�i�c�a�n�c�e� �l�e�v�e�l�,� �t�h�e� �e�f�f�e�c�t�s� �o�f� �b�o�d�y� �s�i�t�e�s� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�,� 

�a�t� �e�v�e�r�y� �t�i�m�e� �i�n�t�e�r�v�a�l�,� �w�h�e�n� �s�u�b�j�e�c�t�s� �w�o�r�e� �S�G�1�,� �a�n�d� �S�G�2�.� �T�h�e� �i�n�s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �t�h�e� 

�b�o�d�y� �s�i�t�e� �e�f�f�e�c�t� �o�n� �m�e�a�s�u�r�e�d� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �a�l�s�o� �o�b�s�e�r�v�e�d� �a�f�t�e�r� �t�h�e� �f�i�r�s�t� �f�i�v�e� 
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�m�i�n�u�t�e�s� �o�f� �e�x�e�r�c�i�s�i�n�g� �i�n� �S�G�2�P�I�J�.� �T�a�b�l�e� �7� �l�i�s�t�s� �m�e�a�n� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�s� �(�i�n�s�i�g�n�i�f�i�c�a�n�t�l�y� 

�d�i�f�f�e�r�e�n�t� �a�m�o�n�g� �b�o�d�y� �s�i�t�e�s�)� �a�n�d� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�s� �w�i�t�h� �t�h�e� �w�e�a�r�i�n�g� �o�f� �S�G�1�,� �S�G�2�,� �a�n�d� 

�S�G�2�P�I�.� 

�W�h�e�n� �g�a�r�m�e�n�t�s� �o�t�h�e�r� �t�h�a�n� �S�G�I�,� �S�G�2�,� �a�n�d� �S�G�2�P�I�I� �w�e�r�e� �w�o�r�n�,� �t�h�e� �b�o�d�y� �s�i�t�e� 

�e�f�f�e�c�t�s�,� �f�o�r� �e�a�c�h� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �g�a�r�m�e�n�t� �o�p�t�i�o�n�s� �a�n�d� �t�i�m�e� �i�n�t�e�r�v�a�l�s�,� �o�n� �m�e�a�s�u�r�e�d� �s�k�i�n� 

�t�e�m�p�e�r�a�t�u�r�e� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t� �(�s�e�e� �A�p�p�e�n�d�i�x� �F�)�.� �T�h�e� �F�i�s�h�e�r ��s� �l�e�a�s�t� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� 

�c�o�m�p�a�r�i�s�o�n� �w�a�s� �a�p�p�l�i�e�d� �t�o� �s�t�u�d�y� �t�h�e� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �(�T�a�b�l�e� �8�)�.� �F�o�r� �a�n�y� �g�i�v�e�n� 

�e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e�,� �w�h�e�n� �t�h�e� �T�-�s�h�i�r�t�/�p�a�n�t�s� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �w�a�s� �w�o�r�n�,� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� 

�o�n� �t�h�e� �l�e�f�t� �a�r�m� �w�i�t�h� �t�h�a�t� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e� �w�a�s� �h�i�g�h�e�r� �t�h�a�n� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �o�n� �t�h�e� 

�r�i�g�h�t� �a�r�m� �a�n�d� �o�n� �t�h�e� �c�h�e�s�t�;� �t�h�a�t� �i�s� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e� �i�m�p�e�d�e�d� �t�r�a�n�s�f�e�r� �o�f� �h�e�a�t� �f�r�o�m� 

�t�h�e� �a�r�m� �t�o� �t�h�e� �o�u�t�s�i�d�e� �e�n�v�i�r�o�n�m�e�n�t�.� �W�h�e�n� �S�G�2�P�I� �w�a�s� �w�o�r�n�,� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�s� �o�n� �t�h�e� �l�e�f�t� 

�a�n�d� �t�h�e� �r�i�g�h�t� �a�r�m�s� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �a� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�l�e�e�v�e� 

�a�n�d� �a� �T�y�v�e�k�®� �s�l�e�e�v�e� �m�a�y� �h�a�v�e� �a� �s�i�m�i�l�a�r� �e�f�f�e�c�t� �o�n� �h�e�a�t� �t�r�a�n�s�f�e�r� �f�r�o�m� �t�h�e� �b�o�d�y�.� 

�S�i�m�p�l�e� �_�e�f�f�e�c�t�_�o�f� �g�a�r�m�e�n�t� �o�p�t�i�o�n�s� �a�t�_�e�a�c�h� �b�o�d�y� �s�i�t�e� �a�n�d� �t�i�m�e� �i�n�t�e�r�v�a�l�.� �T�o� 

�i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �f�a�b�r�i�c�s� �o�n� �m�e�a�s�u�r�e�d� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�,� �t�h�e� 

�s�i�m�p�l�e� �e�f�f�e�c�t� �o�f� �g�a�r�m�e�n�t�s� �a�t� �e�a�c�h� �b�o�d�y� �s�i�t�e� �a�n�d� �t�i�m�e� �i�n�t�e�r�v�a�l�,� �w�a�s� �e�x�a�m�i�n�e�d�.� �T�a�b�l�e� �9� 

�e�x�h�i�b�i�t�s� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �a�n�a�l�y�s�i�s�.� �T�h�e� �g�a�r�m�e�n�t� �e�f�f�e�c�t�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t� �(�0�.�0�5� �l�e�v�e�l�)� �a�t� 

�a�l�m�o�s�t� �e�v�e�r�y� �l�e�v�e�l� �o�f� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �t�h�e� �o�t�h�e�r� �t�w�o� �v�a�r�i�a�b�l�e�s�;� �t�h�a�t� �i�s�,� �a�t� �e�a�c�h� �b�o�d�y� 

�s�i�t�e� �a�n�d� �t�i�m�e� �i�n�t�e�r�v�a�l�,� �e�a�c�h� �g�a�r�m�e�n�t� �d�i�f�f�e�r�e�n�t�l�y� �a�f�f�e�c�t�e�d� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�.� �T�o� �o�b�s�e�r�v�e� 

�a�n�d� �c�o�m�p�a�r�e� �h�o�w� �e�a�c�h� �g�a�r�m�e�n�t� �a�f�f�e�c�t�e�d� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �a�t� �d�i�f�f�e�r�e�n�t� �b�o�d�y� �s�i�t�e�s� �a�n�d� �a�t� 
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�T�a�b�l�e� �7� 

�M�e�a�n� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�s� �(�a�v�e�r�a�g�e�d� �o�v�e�r� �1�0� �s�u�b�j�e�c�t�s� �a�n�d� �i�n�s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �a�m�o�n�g� 

�b�o�d�y� �s�i�t�e�s�)� �a�n�d� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�s� �w�i�t�h� �w�e�a�r�i�n�g� �S�G�1�,� �S�G�2� �a�n�d� �S�G�2�P�I�I� 

� � 

� � 

�G�a�r�m�e�n�t� �B�o�d�y� �s�i�t�e� �M� �(�°�F�)� �S�D� �(�°�F�)� 

�S�G�I�!� �R�i�g�h�t� �a�r�m� �9�4�.�4� �1�.�4� 
�L�e�f�t� �a�r�m� �9�4�.�3� �1�.�6� 

�C�h�e�s�t� �9�4�.�1� �1�.�4� 

�S�G�2 �� �L�e�f�t� �a�r�m� �9�6�.�2� �1�.�3� 
�R�i�g�h�t� �a�r�m� �9�5�.�9� �1�.�1� 

�C�h�e�s�t� �9�5�.�5� �1�.�4� 

�S�G�2�P�I�P �� �L�e�f�t� �a�r�m� �9�6�.�1� �1�.�4� 
�R�i�g�h�t� �a�r�m� �9�6�.�0� �1�.�0� 

�C�h�e�s�t� �9�5�.�6� �|� �1�.�2� 

� � 

� � 

�'� �S�G�]� �s�t�a�n�d�s� �f�o�r� �t�h�e� �T�-�s�h�i�r�t�/�p�a�n�t�s� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �w�i�t�h�o�u�t� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e�.� 
�*� �$�G�2� �s�t�a�n�d�s� �f�o�r� �t�h�e� �T�y�v�e�k�®�-�c�o�v�e�r�a�l�l� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �w�o�r�n� �o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s�.� 
�*� �S�G�2�P�I�I� �s�t�a�n�d�s� �f�o�r� �t�h�e� �T�y�v�e�k�®� �c�o�v�e�r�a�l�l� �(�w�o�r�n� �o�v�e�r�.�t�h�e� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s�)� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�I�®� �s�l�e�e�v�e� �o�n� 
�t�h�e� �l�e�f�t� �a�r�m�.� 
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�T�a�b�l�e� �8� 

�L�e�a�s�t� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �o�f� �m�e�a�n� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�s� �f�r�o�m� �t�h�e� �b�e�g�i�n�n�i�n�g� �t�o� �t�h�e� �e�n�d� �o�f� 

�t�h�e� �e�x�e�r�c�i�s�e� �o�n� �e�a�c�h� �b�o�d�y� �s�i�t�e� �w�i�t�h� �w�e�a�r�i�n�g� �S�G�I�T�,� �S�G�I�P�I�,� �S�G�I�P�I�I�,� �a�n�d� �S�G�2�P�I� 

� � 

� � 

� � 

�G�a�r�m�e�n�t� �M� �(�°�F�)� 

�L�e�f�t� �a�r�m� �R�i�g�h�t� �a�r�m� �C�h�e�s�t� 

�S�G�I�T�'� �9�6�.�2�,� �9�5�.�0�,� �9�4�.�1�,� 

�S�G�1�P�P� �9�5�.�6�,� �9�4�.�2�,� �9�4�.�0�,� 

�S�G�I�P�I�P� �9�5�.�9�,� �9�4�.�4�,� �9�4�.�3�,� 

�S�G�2�P�I�*� �9�6�.�1�,� �9�6�.�0�.�4� �9�5�.�4�,� 

� � 

�N�o�t�e�.� �M�e�a�n�s� �i�n� �t�h�e� �s�a�m�e� �r�o�w� �t�h�a�t� �d�o� �n�o�t� �s�h�a�r�e� �s�u�b�s�c�r�i�p�t�s� �d�i�f�f�e�r� �a�t� �p�<�0�.�0�1� �i�n� �t�h�e� �F�i�s�h�e�r ��s� 

�l�e�a�s�t� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �c�o�m�p�a�r�i�s�o�n�.� 

� � 

�'� �S�G�I�T� �s�t�a�n�d�s� �f�o�r� �t�h�e� �T�-�s�h�i�r�t�/� �p�a�n�t�s� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �w�i�t�h� �a� �T�y�v�e�k�®� �s�l�e�e�v�e� �o�n� �t�h�e� �l�e�f�t� �a�r�m�.� 
�>� �S�G�I�P�I� �s�t�a�n�d�s� �f�o�r� �t�h�e� �T�-�s�h�i�r�t�/� �p�a�n�t�s� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�l�e�e�v�e� �o�n� �t�h�e� �l�e�f�t� �a�r�m�.� 
�>� �S�G�I�P�I�I� �s�t�a�n�d�s� �f�o�r� �t�h�e� �T�-�s�h�i�r�t�/� �p�a�n�t�s� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�I�®� �s�l�e�e�v�e� �o�n� �t�h�e� �l�e�f�t� �a�r�m�.� 
 �� �$�G�2�P�I� �s�t�a�n�d�s� �f�o�r� �t�h�e� �T�y�v�e�k�®� �c�o�v�e�r�a�l�l� �(�w�o�r�n� �o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s�)� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�l�e�e�v�e� �o�n� �t�h�e� 
�l�e�f�t� �a�r�m�.� 
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�T�a�b�l�e� �9� 

�A�n�a�l�y�s�i�s� �o�f� �g�a�r�m�e�n�t� �e�f�f�e�c�t�s� �a�t� �e�a�c�h� �b�o�d�y� �s�i�t�e� �a�n�d� �t�i�m�e� �i�n�t�e�r�v�a�l� 

� � 

� � 

�T�i�m�e� �S�i�t�e� �S�o�u�r�c�e� �d�f� �S�S� �M�S� �F� �p� 
�(�m�i�n�.�)� 

�0� �L�e�f�t� �a�r�m� �G�a�r�m�e�n�t� �6� �1�9�.�6�8�9� �3�.�2�8�2� �4�.�7�3� �0�.�0�0�0�6� 
�5� �L�e�f�t� �a�r�m� �G�a�r�m�e�n�t� �6� �3�2�.�0�7�2� �5�.�3�4�5� �7�.�5�3� �0�.�0�0�0�1� 

�1�0� �L�e�f�t� �a�r�m� �G�a�r�m�e�n�t� �6� �3�4�.�8�9�1� �5�.�8�1�5� �4�.�4�5� �0�.�0�0�1�0� 
�1�5� �L�e�f�t� �a�r�m� �G�a�r�m�e�n�t� �6� �3�8�.�1�8�5� �6�.�3�6�4� �5�.�4�8� �0�.�0�0�0�2� 
�2�0� �L�e�f�t� �a�r�m� �G�a�r�m�e�n�t� �6� �2�1�.�4�2�2� �3�.�5�7�0� �3�.�8�3� �0�.�0�0�3�0� 
�2�5� �L�e�f�t� �a�r�m� �G�a�r�m�e�n�t� �6� �3�6�.�2�7�5� �6�.�0�4�6� �7�.�1�3� �0�.�0�0�0�1� 
�3�0� �L�e�f�t� �a�r�m� �G�a�r�m�e�n�t� �6� �2�2�.�1�7�2� �3�.�6�9�5� �4�.�6�2� �0�.�0�0�0�7� 
�3�5� �L�e�f�t� �a�r�m� �G�a�r�m�e�n�t� �6� �3�1�.�1�5�4� �5�.�1�9�2� �6�.�5�2� �0�.�0�0�0�1� 
�4�0� �L�e�f�t� �a�r�m� �G�a�r�m�e�n�t� �6� �2�7�.�3�2�0� �4�.�5�5�3� �5�.�4�9� �0�.�0�0�0�2� 
�4�5� �L�e�f�t� �a�r�m� �G�a�r�m�e�n�t� �6� �2�1�.�8�1�2� �3�.�6�3�5� �5�.�2�0� �0�.�0�0�0�3� 

�0� �C�h�e�s�t� �G�a�r�m�e�n�t� �6� �1�3�.�0�9�2� �2�.�1�8�2� �1�.�7�9� �0�.�1�1�9�4� 
�5� �C�h�e�s�t� �G�a�r�m�e�n�t� �6� �2�0�.�2�9�4� �3�.�3�8�2� �2�.�4�2� �0�.�0�3�8�1� 

�1�0� �C�h�e�s�t� �G�a�r�m�e�n�t� �6� �4�5�.�3�5�6� �7�.�5�6�3� �4�.�9�3� �0�.�0�0�1�1� 
�1�5� �C�h�e�s�t� �G�a�r�m�e�n�t� �6� �2�5�.�9�6�8� �4�.�3�2�8� �3�.�0�9� �0�.�0�1�1�2� 
�2�0� �C�h�e�s�t� �G�a�r�m�e�n�t� �6� �3�6�.�6�5�6� �6�.�1�0�9� �4�.�3�7� �0�.�0�0�1�1� 
�2�5� �C�h�e�s�t� �G�a�r�m�e�n�t� �6� �3�7�.�6�4�5� �6�.�2�7�4� �5�.�0�8� �0�.�0�0�0�3� 
�3�0� �C�h�e�s�t� �G�a�r�m�e�n�t� �6� �4�4�.�4�7�]� �7�.�4�1�2� �4�.�6�6� �0�.�0�0�0�7� 

�3�5� �C�h�e�s�t� �G�a�r�m�e�n�t� �6� �4�4�.�6�7�6� �7�.�4�4�6� �6�.�1�0� �0�.�0�0�0�1� 
�4�0� �C�h�e�s�t� �G�a�r�m�e�n�t� �6� �4�7�.�3�0�3� �7�.�8�8�4� �5�.�8�9� �0�.�0�0�0�1� 
�4�5� �C�h�e�s�t� �G�a�r�m�e�n�t� �6� �4�2�.�6�2�5� �7�.�1�0�4� �6�.�3�7� �0�.�0�0�0�1� 

�0� �R�i�g�h�t� �a�r�m� �G�a�r�m�e�n�t� �6� �1�8�.�7�9�7� �3�.�1�3�3� �4�.�0�2� �0�.�0�0�2�1� 
�5� �R�i�g�h�t� �a�r�m� �G�a�r�m�e�n�t� �6� �3�6�.�2�2�0� �6�.�0�3�7� �5�.�2�2� �0�.�0�0�0�3� 
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�e�a�c�h� �t�i�m�e� �i�n�t�e�r�v�a�l� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� �a�v�e�r�a�g�e�d� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�s� �a�t� �e�a�c�h� �b�o�d�y� �s�i�t�e�,� �a�t� �e�a�c�h� 

�t�i�m�e� �i�n�t�e�r�v�a�l�,� �w�e�r�e� �p�l�o�t�t�e�d� �a�g�a�i�n�s�t� �g�a�r�m�e�n�t� �t�y�p�e�s� �(�F�i�g�u�r�e� �1�0�)�.� �T�h�e� �F�i�s�h�e�r ��s� �l�e�a�s�t� 

�s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �t�e�s�t� �w�a�s� �a�l�s�o� �e�m�p�l�o�y�e�d� �t�o� �s�t�u�d�y� �d�i�f�f�e�r�e�n�c�e�s�,� �a�m�o�n�g� �t�h�e� �d�i�f�f�e�r�e�n�t� 

�g�a�r�m�e�n�t�s�,� �i�n� �t�h�e� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�s� �m�e�a�s�u�r�e�d� �a�t� �e�a�c�h� �b�o�d�y� �s�i�t�e� �f�r�o�m� �t�h�e� �b�e�g�i�n�n�i�n�g� �t�o� �t�h�e� 

�e�n�d� �o�f� �t�h�e� �e�x�e�r�c�i�s�e� �(�s�e�e� �T�a�b�l�e� �1�0�)�.� 

�T�e�s�t�i�n�g� �o�f� �h�y�p�o�t�h�e�s�i�s� �1�.� �I�t� �w�a�s� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t�,� �a�t� �a�n�y� �g�i�v�e�n� �t�i�m�e� �i�n�t�e�r�v�a�l� 

�d�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� �w�h�i�l�e� �w�e�a�r�i�n�g� �a� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �c�o�n�s�i�s�t�i�n�g� �e�i�t�h�e�r� �o�f� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s� 

�o�r� �o�f� �a� �T�y�v�e�k�®� �c�o�v�e�r�a�l�l� �o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s�,� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �w�o�u�l�d� �n�o�t� �d�i�f�f�e�r� 

�b�e�t�w�e�e�n� �t�h�e� �r�i�g�h�t� �a�n�d� �t�h�e� �l�e�f�t� �a�r�m�s�,� �b�u�t� �w�o�u�l�d� �d�i�f�f�e�r� �b�e�t�w�e�e�n� �t�h�e� �a�r�m�s� �a�n�d� �t�h�e� �c�h�e�s�t�.� 

�A�s� �s�h�o�w�n� �b�y� �t�h�e� �r�e�s�u�l�t�s� �i�n� �A�p�p�e�n�d�i�x� �F�,� �f�o�r� �S�G�1� �a�n�d� �S�G�2�,� �t�h�e� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t�s� 

�w�i�t�h�o�u�t� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e�s�,� �t�h�e� �b�o�d�y� �s�i�t�e� �e�f�f�e�c�t� �w�a�s� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �a�t� �t�h�e� �5�%� �l�e�v�e�l�.� 

�T�h�a�t� �i�s�,� �u�n�d�e�r� �t�h�e� �s�a�m�e� �e�x�p�o�s�e�d� �c�o�n�d�i�t�i�o�n�s�,� �m�e�a�s�u�r�e�d� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�s� �o�n� �t�h�e� �l�e�f�t� �a�n�d� 

�r�i�g�h�t� �a�r�m�s� �a�n�d� �t�h�e� �c�h�e�s�t� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �f�r�o�m� �e�a�c�h� �o�t�h�e�r� �i�n� �t�h�e� �c�a�s�e�s� �o�f� �t�h�o�s�e� 

�g�a�r�m�e�n�t�s�.� �T�h�e�r�e�f�o�r�e�,� �h�y�p�o�t�h�e�s�i�s� �1� �w�a�s� �n�o�t� �s�u�p�p�o�r�t�e�d�.� 

�T�h�e� �s�m�a�l�l� �d�i�f�f�e�r�e�n�c�e� �i�n� �m�e�a�n� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �b�e�t�w�e�e�n� �t�h�e� �l�e�f�t� �a�n�d� �t�h�e� �r�i�g�h�t� �a�r�m�s�,� 

�w�i�t�h� �w�e�a�r�i�n�g� �e�i�t�h�e�r� �S�G�1� �o�r� �S�G�2� �(�s�e�e� �T�a�b�l�e� �7�)�,� �s�u�g�g�e�s�t�s� �t�h�a�t� �b�o�t�h� �a�r�m�s� �w�o�u�l�d� �r�e�a�c�t� �t�o� �a�n� 

�i�n�c�r�e�a�s�e�d� �h�e�a�t� �l�o�a�d� �i�n� �t�h�e� �s�a�m�e� �m�a�n�n�e�r� �a�n�d� �e�v�e�n� �i�n� �q�u�i�t�e� �s�i�m�i�l�a�r� �a�m�o�u�n�t�.� �T�h�e�r�e�f�o�r�e�,� 

�e�i�t�h�e�r� �a�r�m� �c�a�n� �b�e� �u�s�e�d� �a�s� �a� �t�e�s�t� �s�i�t�e�,� �a�n�d� �t�h�e� �f�i�n�d�i�n�g�s� �o�n� �o�n�e� �a�r�m� �c�a�n� �b�e� �i�n�f�e�r�r�e�d� �f�r�o�m� �t�h�e� 

�o�t�h�e�r� �a�r�m�.� �T�h�e� �s�m�a�l�l� �d�i�f�f�e�r�e�n�c�e� �i�n� �m�e�a�n� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �b�e�t�w�e�e�n� �t�h�e� �a�r�m�s� �a�n�d� �t�h�e� 

�c�h�e�s�t�,� �w�i�t�h� �w�e�a�r�i�n�g� �e�i�t�h�e�r� �o�f� �t�h�e� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t�s�,� �i�m�p�l�i�e�s� �t�h�a�t� �t�h�e� �a�r�m�s� �a�n�d� �t�h�e� �c�h�e�s�t� 

�m�a�y� �r�e�a�c�t� �t�o� �a�n� �i�n�c�r�e�a�s�e�d� �h�e�a�t� �l�o�a�d� �i�n� �s�i�m�i�l�a�r� �w�a�y� �a�n�d� �a�m�o�u�n�t�.� �S�o�,� �t�h�e�r�e� �m�a�y� �b�e� 
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�T�a�b�l�e� �1�0� 

�F�i�s�h�e�r ��s� �l�e�a�s�t� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �o�f� �m�e�a�n� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�s� �b�y� �b�o�d�y� �s�i�t�e� �w�i�t�h� �w�e�a�r�i�n�g� 

�e�a�c�h� �g�a�r�m�e�n�t� 

� � 

� � 

� � 

�L�e�f�t� �a�r�m� �C�h�e�s�t� �R�i�g�h�t� �a�r�m� 

�M� �(�°�F�)� �G�a�r�m�e�n�t� �M� �(�°�F�)� �G�a�r�m�e�n�t� �M� �(�°�F�)� �G�a�r�m�e�n�t� 

�9�6�.�2�,� �S�G�2� �9�5�.�6�,� �S�G�2�P�I� �9�6�.�0�,� �S�G�2�P�U� 

�9�6�.�2�,� �S�G�I�T� �9�5�.�5�,� �S�G�2� �9�6�.�0�,� �S�G�2�P�I� 

�9�6�.�1�,� �S�G�2�P�I� �9�5�.�4�,� �S�G�2�P�I�]� �9�5�.�9�,� �S�G�2� 

�9�6�.�1�,� �S�G�2�P�I�I� �9�4�.�4�,� �S�G�1�P�I�I� �9�5�.�0�,� �S�G�1�T� 

�9�5�.�9�,� �S�G�I�P�I�I� �9�4�.�1�,� �S�G�I� �9�4�.�4�,� �.� �S�G�]� 

�9�5�.�6�,� �S�G�I�P�I� �9�4�.�1�,� �S�G�I�T� �9�4�.�3� �°� �S�G�I�P�I�I� 

�9�4�.�3�,� �S�G�I� �9�4�.�0�,� �S�G�I�P�I� �9�4�.�2�,� �S�G�I�P�I� 

� � 

�N�o�t�e�.� �M�e�a�n�s� �i�n� �t�h�e� �s�a�m�e� �c�o�l�u�m�n� �t�h�a�t� �d�o� �n�o�t� �s�h�a�r�e� �s�u�b�s�c�r�i�p�t�s� �d�i�f�f�e�r� �a�t� �p�<�0�.�0�1� �i�n� �t�h�e� 

�F�i�s�h�e�r ��s� �l�e�a�s�t� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �c�o�m�p�a�r�i�s�o�n�.� 
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�p�o�s�s�i�b�i�l�i�t�y� �o�f� �u�s�i�n�g� �a�n� �a�r�m�,� �i�n�s�t�e�a�d� �o�f� �t�h�e� �t�r�u�n�k� �(�o�r� �t�h�e� �c�h�e�s�t�)�,� �a�s� �a� �t�e�s�t� �s�i�t�e� �t�o� �a�s�s�e�s�s� 

�t�h�e�r�m�a�l� �c�o�m�f�o�r�t�.� 

�N�o�t�i�c�e� �i�n� �T�a�b�l�e� �7� �t�h�a�t� �m�e�a�n� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�s� �m�e�a�s�u�r�e�d� �o�n� �t�h�e� �a�r�m�s� �w�e�r�e� �s�l�i�g�h�t�l�y� 

�h�i�g�h�e�r� �t�h�a�n� �t�h�o�s�e� �m�e�a�s�u�r�e�d� �o�n� �t�h�e� �c�h�e�s�t�;� �t�h�i�s� �i�s� �i�n� �a�g�r�e�e�m�e�n�t� �w�i�t�h� �f�i�n�d�i�n�g�s� �b�y� �H�o�u�d�a�s� 

�a�n�d� �R�i�n�g� �(�1�9�8�2�)� �w�h�i�c�h� �a�r�e� �i�n� �T�a�b�l�e� �1�.� �H�o�u�d�a�s� �a�n�d� �R�i�n�g� �f�o�u�n�d� �t�h�a�t�,� �i�n� �a� �w�a�r�m� 

�e�n�v�i�r�o�n�m�e�n�t�,� �w�h�i�c�h� �i�s� �c�o�m�p�a�r�a�b�l�e� �t�o� �t�h�e� �s�k�i�n�-�g�a�r�m�e�n�t� �m�i�c�r�o�c�l�i�m�a�t�e� �i�n� �t�h�e� �c�u�r�r�e�n�t� �s�t�u�d�y�,� 

�s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �o�n� �t�h�e� �u�p�p�e�r� �a�r�m� �w�a�s� �s�l�i�g�h�t�l�y� �h�i�g�h�e�r� �t�h�a�n� �t�h�a�t� �o�n� �t�h�e� �c�h�e�s�t�.� 

�T�e�s�t�i�n�g� �o�f� �h�y�p�o�t�h�e�s�i�s� �3�.� �I�t� �w�a�s� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t�,� �a�t� �a�n�y� �g�i�v�e�n� �t�i�m�e� �i�n�t�e�r�v�a�l� 

�d�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� �w�h�e�n� �t�h�e� �T�-�s�h�i�r�t�/�p�a�n�t�s� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �w�a�s� �w�o�r�n�,� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�s� 

�(�o�n� �t�h�e� �l�e�f�t� �a�r�m�)� �w�o�u�l�d� �b�e� �h�i�g�h�e�s�t� �i�n� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �T�y�v�e�k�®� �s�l�e�e�v�e� �a�n�d� �t�h�e� �g�a�r�m�e�n�t� 

�w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�I�®� �s�l�e�e�v�e�,� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�l�e�e�v�e�,� �a�n�d� 

�t�h�e�n� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h�o�u�t� �a�n�y� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e�.� 

�A�s� �n�o�t�e�d� �p�r�e�v�i�o�u�s�l�y� �w�i�t�h� �r�e�f�e�r�e�n�c�e� �t�o� �T�a�b�l�e� �9�,� �t�h�e� �s�i�m�p�l�e� �e�f�f�e�c�t� �o�f� �g�a�r�m�e�n�t�s�,� �a�t� �a�l�l� 

�b�u�t� �o�n�e� �o�f� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �b�o�d�y� �s�i�t�e�s� �a�n�d� �t�i�m�e� �i�n�t�e�r�v�a�l�s�,� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t� �a�t� �t�h�e� �0�.�0�5� 

�s�i�g�n�i�f�i�c�a�n�c�e� �l�e�v�e�l�.� �T�h�o�s�e� �r�e�s�u�l�t�s� �l�e�d� �t�o� �f�u�r�t�h�e�r� �a�n�a�l�y�s�i�s� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�0� �a�n�d� �T�a�b�l�e� 

�1�0�.� �A�t� �a�n�y� �g�i�v�e�n� �t�i�m�e� �i�n�t�e�r�v�a�l�,� �t�h�e� �l�e�f�t� �a�r�m� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �w�i�t�h� �w�e�a�r�i�n�g� �S�G�1� �w�a�s� 

�a�l�w�a�y�s� �l�o�w�e�r� �t�h�a�n� �t�h�a�t� �w�i�t�h� �w�e�a�r�i�n�g� �o�t�h�e�r� �g�a�r�m�e�n�t�s� �(�F�i�g�u�r�e� �1�0�)�,� �a�n�d� �m�e�a�n� �s�k�i�n� 

�t�e�m�p�e�r�a�t�u�r�e�s� �o�n� �t�h�e� �l�e�f�t� �a�r�m� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �b�e�t�w�e�e�n� �S�G�1� �a�n�d� �e�a�c�h� �o�t�h�e�r� 

�g�a�r�m�e�n�t� �i�n� �t�h�e� �s�t�u�d�y� �(�s�e�e� �T�a�b�l�e� �1�0�)�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� 

�s�l�e�e�v�e�s� �o�n� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�.� �W�e�a�r�i�n�g� �S�G�I� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �l�o�w�e�s�t� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� 
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�b�e�c�a�u�s�e� �n�o� �e�x�p�e�r�i�m�e�n�t�a�l� �f�a�b�r�i�c� �h�a�v�i�n�g� �p�o�o�r� �h�e�a�t� �d�i�s�s�i�p�a�t�i�o�n� �p�r�o�p�e�r�t�i�e�s� �w�a�s� �p�r�e�s�e�n�t� �t�o� 

�i�m�p�e�d�e� �h�e�a�t� �t�r�a�n�s�f�e�r� �f�r�o�m� �t�h�e� �b�o�d�y� �t�o� �t�h�e� �o�u�t�s�i�d�e� �e�n�v�i�r�o�n�m�e�n�t�.� 

�F�i�g�u�r�e� �1�0� �a�n�d� �T�a�b�l�e� �1�0� �a�l�s�o� �s�h�o�w� �t�h�a�t�,� �a�t� �a�n�y� �g�i�v�e�n� �t�i�m�e�,� �w�h�e�n� �t�h�e� �T�-�s�h�i�r�t�/�p�a�n�t�s� 

�s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �w�a�s� �w�o�r�n� �w�i�t�h� �a�l�t�e�r�n�a�t�i�n�g� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e�s� �o�n� �t�h�e� �l�e�f�t� �a�r�m�,� �l�e�f�t� �a�r�m� 

�s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �h�i�g�h�e�s�t� �w�i�t�h� �t�h�e� �T�y�v�e�k�®� �s�l�e�e�v�e�,� �f�o�l�l�o�w�e�d� �i�n� �o�r�d�e�r� �b�y� �t�h�e� �P�r�o�/�S�h�i�e�l�d� 

�I�I�®� �s�l�e�e�v�e� �a�n�d� �t�h�e� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�l�e�e�v�e�.� �T�h�e�r�e�f�o�r�e�,� �h�y�p�o�t�h�e�s�i�s� �3� �w�a�s� �j�u�d�g�e�d� �t�o� �b�e� 

�s�u�p�p�o�r�t�e�d� �a�l�t�h�o�u�g�h� �t�h�e� �l�e�f�t� �a�r�m� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�s� �d�i�d� �n�o�t� �d�i�f�f�e�r� �s�i�g�n�i�f�i�c�a�n�t�l�y� �a�m�o�n�g� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�a�l� �f�a�b�r�i�c�s�.� �T�h�e� �f�a�b�r�i�c� �t�r�e�n�d� �s�e�e�n� �f�o�r� �t�h�e� �l�e�f�t� �a�r�m� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �n�o�t� 

�o�b�s�e�r�v�e�d� �f�o�r� �t�h�e� �r�i�g�h�t� �a�r�m� �n�o�r� �t�h�e� �c�h�e�s�t�.� 

�S�u�b�j�e�c�t�s� �w�e�a�r�i�n�g� �a� �T�y�v�e�k�®� �s�l�e�e�v�e�,� �a�s� �o�p�p�o�s�e�d� �t�o� �a� �P�r�o�/�S�h�i�e�l�d� �I�I�®� �s�l�e�e�v�e�,� �o�v�e�r� �t�h�e� 

�l�e�f�t� �s�l�e�e�v�e� �o�f� �t�h�e� �T�-�s�h�i�r�t� �e�x�p�e�r�i�e�n�c�e�d� �h�i�g�h�e�r� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �o�n� �t�h�e� �l�e�f�t� �a�r�m�,� �e�v�e�n� �t�h�o�u�g�h� 

�t�h�e�s�e� �t�w�o� �f�a�b�r�i�c�s� �h�a�d� �q�u�i�t�e� �s�i�m�i�l�a�r� �m�o�i�s�t�u�r�e� �v�a�p�o�r� �a�n�d� �l�i�q�u�i�d� �t�r�a�n�s�m�i�s�s�i�o�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�(�s�e�e� �T�a�b�l�e� �5�)�.� �T�h�e� �l�o�w�e�r� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �w�i�t�h� �P�r�o�/�S�h�i�e�l�d� �I�J� �m�a�y� �b�e� �d�u�e� �t�o� �b�e�t�t�e�r� 

�w�i�c�k�i�n�g� �a�s� �a� �c�o�n�s�e�q�u�e�n�c�e� �o�f� �t�h�a�t� �f�a�b�r�i�c ��s� �s�l�i�g�h�t�l�y� �h�a�i�r�y� �s�u�r�f�a�c�e� �t�e�x�t�u�r�e� �o�n� �i�t�s� �i�n�n�e�r� �s�i�d�e� 

�a�n�d� �t�h�e� �m�i�c�r�o�p�o�r�o�u�s� �f�i�l�m� �o�n� �i�t�s� �o�u�t�e�r� �s�i�d�e�.� �D�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� �t�h�e� �h�a�i�r�y� �s�u�r�f�a�c�e� �o�f� 

�P�r�o�/�S�h�i�e�l�d� �I�I�®� �m�a�y� �a�d�s�o�r�b� �a�n�d� �w�i�c�k� �m�o�i�s�t�u�r�e� �f�r�o�m� �t�h�e� �s�k�i�n�,� �t�h�r�o�u�g�h� �i�t�s� �v�a�p�o�r�-�p�e�r�m�e�a�b�l�e� 

�m�i�c�r�o�p�o�r�o�u�s� �f�i�l�m�,� �t�o� �t�h�e� �o�u�t�s�i�d�e� �e�n�v�i�r�o�n�m�e�n�t�,� �t�h�e�r�e�b�y� �e�n�h�a�n�c�i�n�g� �t�h�e� �h�e�a�t� �d�i�s�s�i�p�a�t�i�o�n� 

�t�h�r�o�u�g�h� �s�w�e�a�t�i�n�g� �a�n�d� �e�v�a�p�o�r�a�t�i�v�e� �h�e�a�t� �l�o�s�s�.� �T�y�v�e�k�®� �w�i�t�h� �p�a�p�e�r�-�l�i�k�e� �t�e�x�t�u�r�e�,� �o�n� �t�h�e� �o�t�h�e�r� 

�h�a�n�d�,� �d�o�e�s� �n�o�t� �h�a�v�e� �f�i�b�e�r�s� �p�r�o�t�r�u�d�i�n�g� �f�r�o�m� �t�h�e� �f�a�b�r�i�c� �s�u�r�f�a�c�e� �t�o� �e�n�h�a�n�c�e� �i�t�s� �w�i�c�k�a�b�i�l�i�t�y�.� 

�I�n� �c�o�m�p�a�r�i�n�g� �t�h�e� �l�e�f�t�-�a�r�m� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �w�h�e�n� �w�e�a�r�i�n�g� �t�h�e� �T�-�s�h�i�r�t�/�p�a�n�t�s� 

�s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�l�e�e�v�e� �v�s�.� �w�i�t�h� �a� �T�y�v�e�k�®� �o�r� �a� �P�r�o�/�S�h�i�e�l�d� �I�I�®� �s�l�e�e�v�e�,� 
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�t�h�e� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�l�e�e�v�e� �r�e�s�u�l�t�e�d� �i�n� �l�o�w�e�r� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�,� �a�l�t�h�o�u�g�h� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� 

�n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �(�T�a�b�l�e� �1�0�)�.� �P�r�o�/�S�h�i�e�l�d� �I�°� �m�a�y� �r�e�s�u�l�t� �i�n� �l�o�w�e�r� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �b�e�c�a�u�s�e� �i�t� 

�h�a�s� �a�l�m�o�s�t� �t�w�o�-�f�o�l�d� �b�e�t�t�e�r� �m�o�i�s�t�u�r�e� �v�a�p�o�r� �t�r�a�n�s�m�i�s�s�i�o�n� �t�h�a�n� �d�o� �t�h�e� �o�t�h�e�r� �t�w�o� �f�a�b�r�i�c�s�.� 

�T�h�e� �h�a�i�r�y� �s�u�r�f�a�c�e� �t�e�x�t�u�r�e� �o�f� �P�r�o�/�S�h�i�e�l�d� �I�®�°� �a�l�s�o� �m�a�y� �e�n�h�a�n�c�e� �w�i�c�k�i�n�g� �o�f� �s�w�e�a�t� �f�r�o�m� �t�h�e� 

�s�k�i�n� �a�n�d� �e�v�a�p�o�r�a�t�i�v�e� �h�e�a�t� �l�o�s�s�.� 

�T�e�s�t�i�n�g� �o�f� �h�y�p�o�t�h�e�s�i�s� �4�.� �I�t� �w�a�s� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t�,� �a�t� �a�n�y� �g�i�v�e�n� �t�i�m�e� �i�n�t�e�r�v�a�l� 

�d�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� �w�h�e�n� �t�h�e� �T�y�v�e�k�®�-�c�o�v�e�r�a�l�l� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �w�a�s� �w�o�r�n� �o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� 

�a�n�d� �p�a�n�t�s�,� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�s� �(�o�n� �t�h�e� �l�e�f�t� �a�r�m�)� �w�o�u�l�d� �b�e� �h�i�g�h�e�s�t� �i�n� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� 

�T�y�v�e�k�®� �s�l�e�e�v�e� �a�n�d� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�I�®� �s�l�e�e�v�e�,� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �g�a�r�m�e�n�t� 

�w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�l�e�e�v�e�.� 

�F�r�o�m� �F�i�g�u�r�e� �1�0� �a�n�d� �T�a�b�l�e� �1�0�,� �n�o� �c�o�n�s�i�s�t�e�n�t� �f�a�b�r�i�c� �t�r�e�n�d� �o�v�e�r� �t�i�m�e� �w�a�s� �o�b�s�e�r�v�e�d� 

�w�h�e�n� �t�h�e� �T�y�v�e�k�®�-�c�o�v�e�r�a�l�l� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �w�a�s� �u�s�e�d�,� �r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �b�o�d�y� �s�i�t�e�s�.� 

�T�h�e�r�e�f�o�r�e�,� �h�y�p�o�t�h�e�s�i�s� �4� �w�a�s� �n�o�t� �s�u�p�p�o�r�t�e�d�.� 

�A� �p�o�s�s�i�b�l�e� �e�x�p�l�a�n�a�t�i�o�n� �o�f� �a� �l�a�c�k� �o�f� �c�o�n�s�i�s�t�e�n�t� �f�a�b�r�i�c� �t�r�e�n�d� �i�n� �t�h�e�s�e� �c�a�s�e�s�,� �i�s� �t�h�a�t� 

�t�h�e� �T�y�v�e�k�®� �c�o�v�e�r�a�l�l� �c�a�u�s�e�d� �t�h�e� �c�h�i�m�n�e�y� �e�f�f�e�c�t� �°� �w�h�i�c�h� �f�l�u�c�t�u�a�t�e�s� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�.� �I�n� 

�a�d�d�i�t�i�o�n� �t�o� �t�h�e� �z�i�p�p�e�r� �o�n� �t�h�e� �f�r�o�n�t� �t�r�u�n�k�,� �t�h�e� �c�o�v�e�r�a�l�l� �i�s� �e�l�a�s�t�i�c�i�z�e�d� �a�t� �t�h�e� �w�r�i�s�t�s� �a�n�d� 

�a�n�k�l�e�s�,� �w�h�i�c�h� �m�a�k�e�s� �i�t� �s�i�m�i�l�a�r� �t�o� �a� �c�l�o�s�e�d� �s�y�s�t�e�m� �a�n�d� �l�e�a�v�e� �a�n� �o�p�e�n�i�n�g� �a�r�o�u�n�d� �t�h�e� 

�n�e�c�k�l�i�n�e� �a�s� �t�h�e� �m�a�i�n� �p�a�t�h� �o�f� �h�e�a�t� �t�r�a�n�s�f�e�r� �f�r�o�m� �t�h�e� �b�o�d�y�.� �I�t� �m�a�y� �b�e� �t�h�a�t�,� �d�u�e� �t�o� �t�h�e� �p�a�p�e�r�-� 

�l�i�k�e� �t�e�x�t�u�r�e� �a�n�d�,� �p�e�r�h�a�p�s� �t�h�e� �p�o�o�r�e�r� �w�i�c�k�a�b�i�l�i�t�y� �o�f� �T�y�v�e�k�®� �f�a�b�r�i�c� �a�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �o�t�h�e�r� 

� � 

�°� �W�a�t�k�i�n�s� �(�1�9�9�5�)� �d�e�f�i�n�e�d� �c�h�i�m�n�e�y� �e�f�f�e�c�t� �a�s� �t�h�e� �r�i�s�i�n�g� �o�f� �w�a�r�m�,� �m�o�i�s�t�u�r�e�-�l�a�d�e�n� �a�i�r�.� 
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�t�w�o� �e�x�p�e�r�i�m�e�n�t�a�l� �f�a�b�r�i�c�s�,� �o�n�l�y� �a� �l�i�m�i�t�e�d� �a�m�o�u�n�t� �o�f� �h�e�a�t� �b�u�i�l�t� �u�p� �b�y� �t�h�e� �a�c�t�i�v�e� �m�u�s�c�l�e�s� 

�d�u�r�i�n�g� �e�x�e�r�c�i�s�e� �c�o�u�l�d� �t�r�a�n�s�p�o�r�t� �t�h�r�o�u�g�h� �t�h�e� �c�o�v�e�r�a�l�l�.� �O�t�h�e�r�w�i�s�e�,� �t�h�e� �h�e�a�t� �w�a�s� �r�e�s�t�r�a�i�n�e�d� 

�t�o� �f�l�o�w� �b�e�t�w�e�e�n� �t�h�e� �s�k�i�n� �a�n�d� �t�h�e� �g�a�r�m�e�n�t�,� �r�a�i�s�i�n�g� �t�h�e� �m�i�c�r�o�c�l�i�m�a�t�e� �t�e�m�p�e�r�a�t�u�r�e�.� �A�s� �t�o� 

�t�h�e� �f�a�c�t� �t�h�a�t� �t�h�e� �w�a�r�m� �a�i�r� �r�i�s�e�s�,� �h�e�a�t� �i�n� �t�h�e� �m�i�c�r�o�c�l�i�m�a�t�e� �l�e�a�k�s� �t�h�r�o�u�g�h� �t�h�e� �o�p�e�n�i�n�g� �o�f� �t�h�e� 

�n�e�c�k�l�i�n�e�,� �r�e�s�u�l�t�i�n�g� �i�n� �i�n�c�o�n�s�i�s�t�e�n�t� �m�i�c�r�o�c�l�i�m�a�t�e� �t�e�m�p�e�r�a�t�u�r�e� �w�h�i�c�h�,� �i�n� �t�u�r�n�,� �f�l�u�c�t�u�a�t�e�s� 

�s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �o�p�e�n�i�n�g� �a�r�o�u�n�d� �t�h�e� �n�e�c�k�l�i�n�e�,� �f�l�u�c�t�u�a�t�i�o�n� �o�f� �s�k�i�n� 

�t�e�m�p�e�r�a�t�u�r�e� �m�a�y� �b�e� �c�a�u�s�e�d� �b�y� �f�o�r�c�i�n�g� �o�u�t� �o�f� �h�e�a�t� �t�h�r�o�u�g�h� �i�n�t�e�r�m�i�t�t�e�n�t� �g�a�p�s� �a�r�o�u�n�d� �t�h�e� 

�w�r�i�s�t�s� �a�n�d� �t�h�e� �a�n�k�l�e�s� �b�y� �t�h�e� �p�u�m�p�i�n�g� �m�o�t�i�o�n� �o�f� �t�h�e� �b�o�d�y� �d�u�r�i�n�g� �t�h�e� �e�x�e�r�c�i�s�e�.� 

�B�a�s�e�d� �o�n� �o�b�s�e�r�v�e�d� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e�s� �o�n� �t�h�e� �r�i�g�h�t� �a�r�m� �a�n�d� �o�n� �t�h�e� �c�h�e�s�t� �(�F�i�g�u�r�e� �1�0� 

�a�n�d� �T�a�b�l�e� �1�0�)�,� �w�e�a�r�i�n�g� �t�h�e� �T�y�v�e�k�®�-�c�o�v�e�r�a�l�l� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �w�i�t�h� �a�n�y� �g�i�v�e�n� 

�e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e�,� �r�e�s�u�l�t�e�d� �i�n� �h�i�g�h�e�r� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �o�n� �t�h�o�s�e� �s�i�t�e�s� �t�h�a�n� �d�i�d� �w�e�a�r�i�n�g� 

�t�h�e� �T�-�s�h�i�r�t�/�p�a�n�t�s� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �w�i�t�h� �t�h�a�t� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e�.� �A�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� 

�j�e�r�s�e�y� �T�-�s�h�i�r�t� �f�a�b�r�i�c�,� �T�y�v�e�k�®� �h�a�s� �m�u�c�h� �p�o�o�r�e�r� �m�o�i�s�t�u�r�e� �v�a�p�o�r� �t�r�a�n�s�m�i�s�s�i�o�n� �a�n�d� �c�a�p�i�l�l�a�r�y� 

�p�e�n�e�t�r�a�t�i�o�n� �a�n�d� �t�r�a�n�s�m�i�s�s�i�o�n�,� �a�l�t�h�o�u�g�h� �i�t� �i�s� �m�u�c�h� �l�i�g�h�t�e�r� �a�n�d� �t�h�i�n�n�e�r� �(�T�a�b�l�e� �5�)�.� �T�h�e� 

�b�e�t�t�e�r� �m�o�i�s�t�u�r�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�e� �T�-�s�h�i�r�t� �f�a�b�r�i�c� �m�a�y� �r�e�s�u�l�t� �f�r�o�m� �t�h�e� �n�a�t�u�r�e� �o�f� �c�o�t�t�o�n� �f�i�b�e�r� 

�a�n�d� �t�h�e� �k�n�i�t�t�e�d� �s�t�r�u�c�t�u�r�e�.� �C�o�t�t�o�n� �a�b�s�o�r�b�s� �m�o�i�s�t�u�r�e� �i�n� �g�r�e�a�t�e�r� �a�m�o�u�n�t� �t�h�a�n� �d�o�e�s� 

�p�o�l�y�e�t�h�y�l�e�n�e�,� �o�f� �w�h�i�c�h� �T�y�v�e�k�®� �i�s� �m�a�d�e�,� �a�n�d� �t�h�e� �o�p�e�n� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �k�n�i�t�t�e�d� �T�-�s�h�i�r�t� 

�f�a�b�r�i�c� �a�l�l�o�w�s� �e�a�s�i�e�r� �m�o�i�s�t�u�r�e� �a�n�d� �h�e�a�t� �t�r�a�n�s�f�e�r� �t�h�a�n� �d�o�e�s� �t�h�e� �t�i�g�h�t�,� �n�o�n�w�o�v�e�n� �s�t�r�u�c�t�u�r�e� �o�f� 

�T�y�v�e�k�®�.� �T�h�e� �h�a�i�r�y� �s�u�r�f�a�c�e� �t�e�x�t�u�r�e� �o�f� �j�e�r�s�e�y� �k�n�i�t� �a�l�s�o� �e�n�h�a�n�c�e�s� �w�i�c�k�a�b�i�l�i�t�y� �a�n�d� �a�b�s�o�r�p�t�i�o�n� 

�o�f� �t�h�e� �T�-�s�h�i�r�t�.� 
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�S�w�e�a�t� �A�m�o�u�n�t� 

�T�h�i�s� �s�e�c�t�i�o�n� �r�e�p�o�r�t�s� �r�e�s�u�l�t�s� �o�n� �t�h�e� �a�s�p�e�c�t�s� �o�f� �r�e�s�e�a�r�c�h� �o�b�j�e�c�t�i�v�e�s� �1� �a�n�d� �2� �w�h�i�c�h� 

�d�e�a�l� �w�i�t�h� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �e�f�f�e�c�t�s� �o�n� �s�w�e�a�t� �a�m�o�u�n�t� �o�f� �t�h�e� �t�h�r�e�e� �b�o�d�y� �s�i�t�e�s� �a�n�d� �t�h�e� �t�h�r�e�e� 

�f�a�b�r�i�c� �t�y�p�e�s� �i�n� �t�h�e� �i�n�v�e�s�t�i�g�a�t�i�o�n�.� �T�h�e� �s�e�c�t�i�o�n� �a�l�s�o� �a�d�d�r�e�s�s�e�s� �t�h�e� �t�h�r�e�e� �a�s�s�o�c�i�a�t�e�d� 

�h�y�p�o�t�h�e�s�e�s� �c�o�n�c�e�r�n�i�n�g� �t�h�o�s�e� �e�f�f�e�c�t�s�,� �b�e�c�a�u�s�e� �o�f� �t�h�e� �s�i�m�u�l�t�a�n�e�o�u�s� �t�e�s�t�i�n�g� �o�f� �t�h�e� �e�f�f�e�c�t�s� 

�t�h�r�o�u�g�h� �r�e�p�e�a�t�e�d�-�m�e�a�s�u�r�e�s� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �w�i�t�h� �t�w�o� �w�i�t�h�i�n�-�s�u�b�j�e�c�t�s� �i�n�d�e�p�e�n�d�e�n�t� 

�v�a�r�i�a�b�l�e�s�.� �T�h�e� �w�i�t�h�i�n�-�s�u�b�j�e�c�t�s� �v�a�r�i�a�b�l�e�s�,� �w�h�i�c�h� �c�o�n�s�t�i�t�u�t�e�d� �t�h�e� �m�a�i�n� �e�f�f�e�c�t�s� �i�n� �t�h�e� 

�a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e�,� �w�e�r�e� �g�a�r�m�e�n�t� �o�p�t�i�o�n�s� �a�n�d� �b�o�d�y� �s�i�t�e�s�.� �A�s� �p�o�i�n�t�e�d� �o�u�t� �p�r�e�v�i�o�u�s�l�y�,� �t�h�e� 

�g�a�r�m�e�n�t� �o�p�t�i�o�n� �v�a�r�i�a�b�l�e� �h�a�s� �s�e�v�e�n� �c�a�t�e�g�o�r�i�e�s� �w�h�i�c�h� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �t�w�o� �s�t�a�n�d�a�r�d� 

�g�a�r�m�e�n�t�s� �(�T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s� �d�e�n�o�t�e�d� �a�s� �o�n�e� �g�a�r�m�e�n�t�,� �a�n�d� �t�h�e� �T�y�v�e�k�®� �c�o�v�e�r�a�l�l� �o�v�e�r� �t�h�e� �T�-� 

�s�h�i�r�t� �a�n�d� �p�a�n�t�s� �a�s� �t�h�e� �o�t�h�e�r�)�,� �a�n�d� �f�o�r� �s�l�e�e�v�e�s� �a�l�t�e�r�n�a�t�e�d� �o�n� �t�h�e� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t�s�;� �t�h�e� �b�o�d�y� 

�s�i�t�e�s� �a�r�e� �t�h�e� �c�h�e�s�t� �a�n�d� �t�h�e� �t�w�o� �a�r�m�s�.� �T�h�e� �t�e�s�t�i�n�g� �o�f� �h�y�p�o�t�h�e�s�e�s� �2�,� �5�,� �a�n�d� �6� �i�s� �r�e�p�o�r�t�e�d� �i�n� 

�t�h�i�s� �s�e�c�t�i�o�n� 

�T�a�b�l�e� �1�1� �s�u�m�m�a�r�i�z�e�s� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �r�e�p�e�a�t�e�d� �m�e�a�s�u�r�e�s� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e�.� 

�N�e�i�t�h�e�r� �t�h�e� �g�a�r�m�e�n�t�-�s�i�t�e� �i�n�t�e�r�a�c�t�i�o�n� �e�f�f�e�c�t� �n�o�r� �t�h�e� �m�a�i�n� �e�f�f�e�c�t� �o�f� �e�a�c�h� �i�n�d�e�p�e�n�d�e�n�t� 

�v�a�r�i�a�b�l�e� �o�n� �m�e�a�s�u�r�e�d� �s�w�e�a�t� �a�m�o�u�n�t� �w�a�s�.� �s�i�g�n�i�f�i�c�a�n�t� �a�t� �t�h�e� �5�%� �l�e�v�e�l�.� �T�h�a�t� �i�s�,� �s�w�e�a�t� 

�a�m�o�u�n�t� �w�a�s� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �a�)� �f�o�r� �t�h�e� �d�i�f�f�e�r�e�n�t� �g�a�r�m�e�n�t�s�,� �n�o�r� �b�)� �a�m�o�n�g� �t�h�e� �l�e�f�t� 

�a�n�d� �r�i�g�h�t� �u�p�p�e�r� �a�r�m�s� �a�n�d� �t�h�e� �c�h�e�s�t�.� �T�a�b�l�e� �1�2� �e�x�h�i�b�i�t�s� �m�e�a�n� �s�w�e�a�t� �a�m�o�u�n�t� �a�n�d� �s�t�a�n�d�a�r�d� 

�d�e�v�i�a�t�i�o�n� �o�n� �e�a�c�h� �b�o�d�y� �s�i�t�e� �w�h�e�n� �e�a�c�h� �g�a�r�m�e�n�t� �w�a�s� �w�o�r�n�.� �T�h�e� �r�a�t�h�e�r� �h�i�g�h� �s�t�a�n�d�a�r�d� 

�d�e�v�i�a�t�i�o�n�s� �o�f� �s�w�e�a�t� �a�m�o�u�n�t� �a�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �m�e�a�n�s� �m�a�y� �b�e� �a� �c�o�n�s�e�q�u�e�n�c�e� �o�f� �t�h�e� 
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�T�a�b�l�e� �1�1� 

�A�n�a�l�y�s�i�s� �o�f� �s�w�e�a�t� �a�m�o�u�n�t� �w�i�t�h� �r�e�p�e�a�t�e�d� �m�e�a�s�u�r�e�s� �o�n� �g�a�r�m�e�n�t� �o�p�t�i�o�n�s� �a�n�d� �b�o�d�y� �s�i�t�e�s� 

� � 

� � 

�S�o�u�r�c�e� �d�f� �S�S� �M�S� �F� �p� 

�S�u�b�j�e�c�t� �9� �5�.�4�3�6� �0�.�6�0�4� �-� �-� 

�G�a�r�m�e�n�t� �6� �0�.�0�1�5� �0�.�0�2�5� �0�.�7�2� �0�.�6�3�8�4� 
�S�u�b�j�e�c�t�*� �G�a�r�m�e�n�t� �5�4� �1�.�8�8�3� �0�.�0�3�5� �-� �-� 

�S�i�t�e� �2� �0�.�0�7�8� �0�.�0�3�9� �0�.�7�9� �0�.�4�6�7�0� 
�S�u�b�j�e�c�t�*� �S�i�t�e� �1�8� �0�.�8�7�9� �0�.�0�4�9� �-� �-� 

�G�a�r�m�e�n�t�*� �S�i�t�e� �1�2� �0�.�0�5�6� �0�.�0�0�5� �0�.�6�8� �0�.�7�7�1�3� 
�S�u�b�j�e�c�t�*�G�a�r�m�e�n�t�*�S�i�t�e� �1�0�8� �0�.�7�4�9� �0�.�0�0�1� �-� �-� 

� � 
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�T�a�b�l�e� �1�2� 

�M�e�a�n� �s�w�e�a�t� �a�m�o�u�n�t� �(�a�v�e�r�a�g�e�d� �o�v�e�r� �1�0� �s�u�b�j�e�c�t�s�)� �a�n�d� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �o�n� �e�a�c�h� �b�o�d�y� �s�i�t�e� 

�w�h�e�n� �e�a�c�h� �t�e�s�t� �g�a�r�m�e�n�t� �w�a�s� �w�o�r�n� 

� � 

� � 

� � 

�G�a�r�m�e�n�t�s� �S�w�e�a�t� �a�m�o�u�n�t� �(�m�g�/�c�m ��)� �o�n� 

�L�e�f�t� �a�r�m� �C�h�e�s�t� �R�i�g�h�t� �a�r�m� 

�M� �S�D� �M� �s�D� �M� �S�D� 

�S�G�I�]� �5�2�.�6�0� �3�2�.�2�7� �5�3�.�5�9� �1�8�.�0�8� �5�5�.�4�7� �2�4�.�4�7� 

�S�G�I�T� �5�6�.�3�7� �3�6�.�5�3� �6�1�.�8�0� �3�3�.�4�3� �5�5�.�6�]� �3�3�.�0�7� 

�S�G�I�P�I� �6�0�.�6�6� �3�0�.�0�4� �6�1�.�3�1� �3�0�.�8�1� �5�5�.�9�6� �2�6�.�8�0� 

�S�G�I�P�I�I� �4�9�.�4�8� �2�9�.�6�9� �6�4�.�6�0� �3�6�.�9�6� �5�0�.�0�2� �1�7�.�3�9� 

�S�G�2� �6�4�.�2�7� �4�9�.�8�0� �6�6�.�5�4� �3�3�.�5�6� �5�6�.�0�0� �4�3�.�0�3� 

�S�G�2�P�I� �5�9�.�7�9� �4�0�.�8�3� �6�5�.�8�2� �3�0�.�8�3� �5�4�.�2�0� �3�9�.�0�3� 

�S�G�2�P�I�I� �6�9�.�0�7� �4�0�.�2�1� �6�9�.�6�5� �3�7�.�2�3� �6�3�.�6�0� �4�0�.�5�1� 

� � 
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�d�i�f�f�e�r�e�n�c�e� �a�m�o�n�g� �s�u�b�j�e�c�t�s� �i�n� �t�h�e�i�r� �s�w�e�a�t� �p�r�o�d�u�c�t�i�o�n�.� 

�T�e�s�t�i�n�g� �o�f� �h�y�p�o�t�h�e�s�i�s� �2�.� �I�t� �w�a�s� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t�,� �w�h�i�l�e� �w�e�a�r�i�n�g� �a� �s�t�a�n�d�a�r�d� 

�g�a�r�m�e�n�t� �c�o�n�s�i�s�t�i�n�g� �e�i�t�h�e�r� �o�f� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s� �o�r� �o�f� �a� �T�y�v�e�k�®� �c�o�v�e�r�a�l�l� �o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� �a�n�d� 

�p�a�n�t�s�,� �s�w�e�a�t� �a�m�o�u�n�t� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �t�h�e� �b�e�g�i�n�n�i�n�g� �t�o� �t�h�e� �e�n�d� �o�f� �t�h�e� �e�x�e�r�c�i�s�e� �w�o�u�l�d� �n�o�t� 

�d�i�f�f�e�r� �b�e�t�w�e�e�n� �t�h�e� �r�i�g�h�t� �a�n�d� �t�h�e� �l�e�f�t� �a�r�m�s�,� �b�u�t� �w�o�u�l�d� �d�i�f�f�e�r� �b�e�t�w�e�e�n� �t�h�e� �a�r�m�s� �a�n�d� �t�h�e� 

�c�h�e�s�t�.� 

�A�s� �s�e�e�n� �i�n� �T�a�b�l�e� �1�2�,� �t�h�e� �m�e�a�n� �s�w�e�a�t� �a�m�o�u�n�t�s� �o�n� �t�h�e� �t�h�r�e�e� �b�o�d�y� �s�i�t�e�s� �w�e�r�e� �v�e�r�y� 

�c�l�o�s�e� �w�h�e�n� �S�G�1� �w�a�s� �w�o�r�n�,� �a�n�d� �w�e�r�e� �m�u�c�h� �c�l�o�s�e�r� �t�h�a�n� �w�h�e�n� �S�G�2� �w�a�s� �w�o�r�n�;� �h�o�w�e�v�e�r�,� �a�s� 

�r�e�p�o�r�t�e�d� �i�n� �T�a�b�l�e� �1�1�,� �s�w�e�a�t� �a�m�o�u�n�t� �d�i�d� �n�o�t� �d�i�f�f�e�r� �s�i�g�n�i�f�i�c�a�n�t�l�y� �(�5�%� �l�e�v�e�l�)� �a�m�o�n�g� �b�o�d�y� 

�s�i�t�e�s� �f�o�r� �a�n�y� �o�f� �t�h�e� �g�a�r�m�e�n�t� �o�p�t�i�o�n�s�.� �T�h�e� �l�o�w� �s�w�e�a�t� �a�m�o�u�n�t� �o�n� �t�h�e� �r�i�g�h�t� �a�r�m�,� �a�s� �c�o�m�p�a�r�e�d� 

�t�o� �t�h�e� �o�t�h�e�r� �t�w�o� �b�o�d�y� �s�i�t�e�s�,� �w�h�e�n� �s�u�b�j�e�c�t�s� �w�o�r�e� �S�G�2� �m�a�y� �h�a�v�e� �r�e�s�u�l�t�e�d� �f�r�o�m� �u�n�k�n�o�w�n� 

�e�x�t�r�a�n�e�o�u�s� �v�a�r�i�a�b�l�e�s�.� �T�h�o�u�g�h� �h�y�p�o�t�h�e�s�i�s� �2� �w�a�s� �n�o�t� �s�u�p�p�o�r�t�e�d�,� �t�h�e� �c�o�n�c�l�u�s�i�o�n� �t�h�a�t�,� �u�n�d�e�r� 

�t�h�e� �s�a�m�e� �e�x�p�o�s�e�d� �c�o�n�d�i�t�i�o�n�s�,� �o�r� �w�h�e�n� �o�t�h�e�r� �v�a�r�i�a�b�l�e�s� �w�e�r�e� �b�e�i�n�g� �c�o�n�t�r�o�l�l�e�d�,� �t�h�e� �t�h�r�e�e� 

�b�o�d�y� �s�i�t�e�s� �w�o�u�l�d� �r�e�s�p�o�n�d� �t�o� �a� �g�i�v�e�n� �i�n�c�r�e�a�s�e�d� �h�e�a�t� �l�o�a�d� �i�n� �t�h�e� �s�a�m�e� �m�a�n�n�e�r� �c�o�u�l�d� �n�o�t� �b�e� 

�m�a�d�e� �b�e�c�a�u�s�e� �o�f� �t�h�e� �i�n�s�i�g�n�i�f�i�c�a�n�t� �b�o�d�y� �s�i�t�e� �e�f�f�e�c�t� �a�m�o�n�g� �t�e�s�t� �g�a�r�m�e�n�t�s� �a�n�d� �t�h�e� �h�i�g�h� 

�s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�s� �w�i�t�h�i�n� �s�i�t�e�s� �a�n�d� �g�a�r�m�e�n�t�s�.� �M�o�r�e�o�v�e�r�,� �t�h�e� �u�n�k�n�o�w�n� �e�x�t�r�a�n�e�o�u�s� 

�v�a�r�i�a�b�l�e�s� �a�n�d� �t�h�e� �h�i�g�h� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �r�e�d�u�c�e� �t�h�e� �u�s�e�f�u�l�n�e�s�s� �o�f� �s�w�e�a�t� �a�m�o�u�n�t� �a�s� �a� 

�m�e�a�s�u�r�e�m�e�n�t� �o�f� �t�h�e�r�m�a�l� �c�o�m�f�o�r�t� �a�n�d� �t�h�e�r�m�a�l� �s�t�r�a�i�n�.� 

�T�e�s�t�i�n�g� �o�f� �h�y�p�o�t�h�e�s�i�s� �5�.� �I�t� �w�a�s� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t�,� �w�h�e�n� �t�h�e� �T�-�s�h�i�r�t�/�p�a�n�t�s� �s�t�a�n�d�a�r�d� 

�g�a�r�m�e�n�t� �w�a�s� �w�o�r�n�,� �s�w�e�a�t� �a�m�o�u�n�t� �(�c�o�l�l�e�c�t�e�d� �o�n� �t�h�e� �l�e�f�t� �a�r�m� �f�r�o�m� �t�h�e� �b�e�g�i�n�n�i�n�g� �t�o� �t�h�e� �e�n�d� 

�o�f� �t�h�e� �e�x�e�r�c�i�s�e�)� �w�o�u�l�d� �b�e� �h�i�g�h�e�s�t� �i�n� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �T�y�v�e�k�®� �s�l�e�e�v�e� �a�n�d� �t�h�e� �g�a�r�m�e�n�t� 
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�w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�I�®� �s�l�e�e�v�e�,� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�l�e�e�v�e�,� �a�n�d� 

�t�h�e�n� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h�o�u�t� �a�n�y� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e�.� 

�F�r�o�m� �T�a�b�l�e� �1�2�,� �w�h�e�n� �S�G�1� �w�a�s� �u�s�e�d�,� �s�w�e�a�t� �a�m�o�u�n�t� �o�b�s�e�r�v�e�d� �o�n� �t�h�e� �l�e�f�t� �a�r�m� �w�a�s� 

�h�i�g�h�e�s�t� �o�n� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�l�e�e�v�e�,� �f�o�l�l�o�w�e�d� �i�n� �o�r�d�e�r� �b�y� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� 

�a� �T�y�v�e�k�®� �s�l�e�e�v�e�,� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h�o�u�t� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e�,� �a�n�d� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� 

�P�r�o�/�S�h�i�e�l�d� �I�I�®�°� �s�l�e�e�v�e�.� �T�h�e�r�e�f�o�r�e�,� �h�y�p�o�t�h�e�s�i�s� �5� �w�a�s� �r�e�j�e�c�t�e�d�.� �B�e�c�a�u�s�e� �P�r�o�/�S�h�i�e�l�d� �I�®� �h�a�s� 

�a�b�o�u�t� �t�w�o� �t�i�m�e�s� �t�h�e� �m�o�i�s�t�u�r�e� �v�a�p�o�r� �t�r�a�n�s�m�i�s�s�i�o�n� �o�f� �t�h�e� �o�t�h�e�r� �t�w�o� �e�x�p�e�r�i�m�e�n�t�a�l� �f�a�b�r�i�c�s� 

�(�s�e�e� �T�a�b�l�e� �5�)� �a�n�d� �a�l�s�o� �h�a�s� �f�i�b�e�r�s� �p�r�o�t�r�u�d�i�n�g� �f�r�o�m� �t�h�e� �f�a�b�r�i�c� �s�u�r�f�a�c�e�,� �e�v�a�p�o�r�a�t�i�v�e� �h�e�a�t� 

�t�r�a�n�s�f�e�r� �a�n�d� �m�o�i�s�t�u�r�e� �w�i�c�k�i�n�g� �t�h�r�o�u�g�h� �t�h�e� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�l�e�e�v�e� �s�h�o�u�l�d� �b�e� �b�e�t�t�e�r� �t�h�a�n� 

�t�h�r�o�u�g�h� �t�h�e� �o�t�h�e�r� �s�l�e�e�v�e�s�.� �W�h�e�n� �h�e�a�t� �a�n�d� �m�o�i�s�t�u�r�e� �c�a�n� �t�r�a�n�s�f�e�r� �e�f�f�i�c�i�e�n�t�l�y�,� �t�h�e�r�m�a�l� �s�t�r�e�s�s� 

�i�n� �t�h�e� �b�o�d�y� �d�e�c�r�e�a�s�e�s�,� �r�e�d�u�c�i�n�g� �s�w�e�a�t� �p�r�o�d�u�c�t�i�o�n�.� �A�s� �s�t�a�t�e�d� �b�y� �P�a�r�s�o�n�s� �(�1�9�9�3�)� �a�n�d� 

�P�o�w�e�r�s� �a�n�d� �H�o�w�l�e�y� �(�1�9�9�4�)�,� �t�h�e� �h�y�p�o�t�h�a�l�a�m�u�s� �w�i�l�l� �s�t�i�m�u�l�a�t�e� �t�h�e� �s�w�e�a�t� �g�l�a�n�d�s�,� �r�e�s�u�l�t�i�n�g� 

�i�n� �e�v�a�p�o�r�a�t�i�o�n� �t�o� �c�o�o�l� �t�h�e� �s�k�i�n�,� �w�h�e�n� �h�e�a�t� �t�r�a�n�s�f�e�r� �b�y� �c�o�n�d�u�c�t�i�o�n�,� �c�o�n�v�e�c�t�i�o�n�,� �a�n�d� 

�r�a�d�i�a�t�i�o�n� �i�s� �n�o�t� �s�u�f�f�i�c�i�e�n�t�.� �T�h�e� �o�t�h�e�r� �r�e�a�s�o�n� �w�h�y� �t�h�e� �o�b�s�e�r�v�e�d� �t�r�e�n�d� �i�s� �n�o�t� �r�e�a�s�o�n�a�b�l�e� �i�s� 

�t�h�a�t� �t�h�e� �l�e�f�t� �a�r�m� �s�w�e�a�t� �a�m�o�u�n�t� �o�f� �w�e�a�r�i�n�g� �S�G�1� �w�a�s� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�a�t� �o�f� �w�e�a�r�i�n�g� �S�G�1�P�I�I�,� 

�w�h�i�c�h� �i�s� �c�o�n�t�r�a�r�y� �t�o� �t�h�e� �f�a�c�t�.� �W�e�a�r�i�n�g� �S�G�1� �s�h�o�u�l�d� �r�e�s�u�l�t� �i�n� �g�r�e�a�t�e�r� �a�m�o�u�n�t� �o�f� �h�e�a�t� 

�t�r�a�n�s�f�e�r� �t�h�a�n� �w�e�a�r�i�n�g� �S�G�I�P�I�I� �b�e�c�a�u�s�e� �h�e�a�t� �c�a�n� �t�r�a�n�s�f�e�r� �d�i�r�e�c�t�l�y� �f�r�o�m� �t�h�e� �s�k�i�n� �t�o� �t�h�e� 

�e�n�v�i�r�o�n�m�e�n�t� �w�i�t�h�o�u�t� �t�h�e� �h�i�n�d�r�a�n�c�e� �o�f� �p�r�o�t�e�c�t�i�v�e� �s�l�e�e�v�e�.� 

�T�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �m�e�a�n� �s�w�e�a�t� �a�m�o�u�n�t�s� �a�m�o�n�g� �b�o�d�y� �s�i�t�e�s� �a�s� �w�e�l�l� �a�s� �a�m�o�n�g� �t�e�s�t� 

�g�a�r�m�e�n�t�s� �w�e�r�e� �q�u�i�t�e� �s�m�a�l�l� �(�s�e�e� �T�a�b�l�e� �1�2�)�.� �T�h�i�s� �m�a�y� �b�e� �d�u�e� �t�o� �t�h�e� �s�a�t�u�r�a�t�i�o�n� �o�f� �c�o�l�l�e�c�t�i�o�n� 
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�p�a�d�s� �d�u�r�i�n�g� �t�h�e� �t�r�i�a�l�s�.� �T�o� �a�v�o�i�d� �t�h�e� �s�a�t�u�r�a�t�i�o�n�,� �l�a�r�g�e�r� �c�o�l�l�e�c�t�i�o�n� �p�a�d�s� �s�h�o�u�l�d� �b�e� �u�s�e�d�,� �o�r� 

�t�h�e� �s�w�e�a�t� �c�o�l�l�e�c�t�i�o�n� �t�i�m�e� �s�h�o�u�l�d� �b�e� �d�e�c�r�e�a�s�e�d�.� 

�T�e�s�t�i�n�g� �o�f� �h�y�p�o�t�h�e�s�i�s� �6�.� �I�t� �w�a�s� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t�,� �w�h�e�n� �t�h�e� �T�y�v�e�k�®�-�c�o�v�e�r�a�l�l� 

�s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �w�a�s� �w�o�r�n� �o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s�,� �s�w�e�a�t� �a�m�o�u�n�t� �(�c�o�l�l�e�c�t�e�d� �o�n� �t�h�e� 

�l�e�f�t� �a�r�m� �f�r�o�m� �t�h�e� �b�e�g�i�n�n�i�n�g� �t�o� �t�h�e� �e�n�d� �o�f� �t�h�e� �e�x�e�r�c�i�s�e�)� �w�o�u�l�d� �b�e� �h�i�g�h�e�s�t� �i�n� �t�h�e� �g�a�r�m�e�n�t� 

�w�i�t�h� �a� �T�y�v�e�k�®� �s�l�e�e�v�e� �a�n�d� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�I�®� �s�l�e�e�v�e�,� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� 

�g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�®� �s�l�e�e�v�e�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �r�e�s�u�l�t�s� �i�n� �T�a�b�l�e� �1�2�,� �w�h�e�n� �t�h�e� �T�y�v�e�k�®�-�c�o�v�e�r�a�l�l� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� 

�w�a�s� �w�o�r�n� �o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s�,� �t�h�e� �f�a�b�r�i�c� �r�a�n�k�i�n�g� �f�r�o�m� �h�i�g�h�e�s�t� �t�o� �l�o�w�e�s�t� �s�w�e�a�t� 

�a�m�o�u�n�t� �w�a�s� �P�r�o�/�S�h�i�e�l�d� �I�I�®�,� �T�y�v�e�k�®�,� �a�n�d� �P�r�o�/�S�h�i�e�l�d� �I�®�.� �T�h�i�s� �r�a�n�k�i�n�g� �o�c�c�u�r�r�e�d� �f�o�r� �t�h�e� �l�e�f�t� 

�a�r�m� �a�n�d� �f�o�r� �t�h�e� �o�t�h�e�r� �t�w�o� �b�o�d�y� �s�i�t�e�s�.� �T�h�e�r�e�f�o�r�e�,� �h�y�p�o�t�h�e�s�i�s� �6� �w�a�s� �n�o�t� �s�u�p�p�o�r�t�e�d�.� �T�h�e� 

�a�b�o�v�e� �f�a�b�r�i�c� �r�a�n�k�i�n�g� �w�a�s� �n�o�t� �t�h�e� �s�a�m�e� �a�s� �t�h�e� �f�a�b�r�i�c� �r�a�n�k�i�n�g� �f�r�o�m� �t�h�e� �l�e�f�t� �a�r�m� �s�k�i�n� 

�t�e�m�p�e�r�a�t�u�r�e� �o�f� �w�e�a�r�i�n�g� �a� �T�-�s�h�i�r�t�/�p�a�n�t�s� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t�.� �T�h�e� �h�i�g�h� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�s� 

�m�a�k�e� �t�h�e� �f�a�b�r�i�c� �r�a�n�k�i�n�g�,� �r�e�g�a�r�d�i�n�g� �s�w�e�a�t� �a�m�o�u�n�t� �o�f� �w�e�a�r�i�n�g� �a� �T�y�v�e�k�®� �c�o�v�e�r�a�l�l�,� �l�e�s�s� 

�r�e�l�i�a�b�l�e� �a�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �r�a�n�k�i�n�g�,� �r�e�g�a�r�d�i�n�g� �t�h�e� �l�e�f�t� �a�r�m� �s�k�i�n� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �w�e�a�r�i�n�g� �T�-� 

�s�h�i�r�t� �a�n�d� �p�a�n�t�s�.� �H�o�w�e�v�e�r�,� �b�o�t�h� �r�a�n�k�i�n�g�s� �w�e�r�e� �a�l�i�k�e� �i�n� �t�h�e� �w�a�y� �t�h�a�t� �P�r�o�/�S�h�i�e�l�d� �I�®�°�,� �w�h�i�c�h� 

�h�a�s� �b�e�t�t�e�r� �m�o�i�s�t�u�r�e� �v�a�p�o�r� �t�r�a�n�s�m�i�s�s�i�o�n� �t�h�a�n� �t�h�e� �o�t�h�e�r� �t�w�o� �f�a�b�r�i�c�s� �a�n�d� �h�a�s� �s�l�i�g�h�t�l�y� �h�a�i�r�y� 

�s�u�r�f�a�c�e� �t�e�x�t�u�r�e�,� �w�a�s� �t�h�e� �b�e�s�t� �f�a�b�r�i�c�,� �o�f� �t�h�e� �t�h�r�e�e� �e�x�p�e�r�i�m�e�n�t�a�l� �f�a�b�r�i�c�s�,� �i�n� �t�e�r�m�s� �o�f� �t�h�e�r�m�a�l� 

�c�o�m�f�o�r�t�.� 

�F�o�r� �a� �g�i�v�e�n� �e�x�p�e�r�i�m�e�n�t�a�l� �s�l�e�e�v�e�,� �s�w�e�a�t� �a�m�o�u�n�t� �a�t� �e�v�e�r�y� �b�o�d�y� �s�i�t�e� �w�a�s� �h�i�g�h�e�r� 

�w�h�e�n� �t�h�e� �T�y�v�e�k�®�-�c�o�v�e�r�a�l�l� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �w�a�s� �u�s�e�d� �t�h�a�n� �w�h�e�n� �t�h�e� �T�-�s�h�i�r�t�/�p�a�n�t�s� 
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�s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �w�a�s� �u�s�e�d�.� �T�h�e� �p�o�o�r�e�r� �h�e�a�t� �a�n�d� �m�o�i�s�t�u�r�e� �t�r�a�n�s�f�e�r� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� 

�T�y�v�e�k�®� �c�o�v�e�r�a�l�l� �a�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �T�-�s�h�i�r�t� �m�a�y� �b�e� �d�u�e� �t�o� �t�h�e� �n�a�t�u�r�e� �o�f� �f�i�b�e�r�s� �a�n�d� �t�h�e� 

�f�a�b�r�i�c� �c�o�n�s�t�r�u�c�t�i�o�n�s�,� �w�h�i�c�h� �c�o�n�t�r�i�b�u�t�e� �d�i�r�e�c�t�l�y� �t�o� �t�h�e� �p�h�y�s�i�c�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �f�a�b�r�i�c�s� 

�a�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �p�r�e�v�i�o�u�s� �s�e�c�t�i�o�n�.� 

�S�u�b�j�e�c�t�i�v�e� �E�v�a�l�u�a�t�i�o�n�s� 

�T�h�i�s� �s�e�c�t�i�o�n� �r�e�p�o�r�t�s� �r�e�s�u�l�t�s� �o�n� �t�h�e� �a�s�p�e�c�t�s� �o�f� �r�e�s�e�a�r�c�h� �o�b�j�e�c�t�i�v�e�s� �1� �a�n�d� �2� �w�h�i�c�h� 

�d�e�a�l� �w�i�t�h� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �e�f�f�e�c�t�s� �o�n� �s�u�b�j�e�c�t�s �� �w�e�t�n�e�s�s�,� �t�h�e�r�m�a�l�,� �a�n�d� �o�v�e�r�a�l�l� �c�o�m�f�o�r�t� 

�s�e�n�s�a�t�i�o�n�s� �o�f� �t�h�e� �t�h�r�e�e� �f�a�b�r�i�c� �t�y�p�e�s� �i�n� �t�h�e� �i�n�v�e�s�t�i�g�a�t�i�o�n�.� �T�h�e� �s�e�c�t�i�o�n� �a�l�s�o� �a�d�d�r�e�s�s�e�s� �t�h�e� �s�i�x� 

�a�s�s�o�c�i�a�t�e�d� �h�y�p�o�t�h�e�s�e�s� �c�o�n�c�e�r�n�i�n�g� �t�h�o�s�e� �e�f�f�e�c�t�s�,� �b�e�c�a�u�s�e� �o�f� �t�h�e� �s�i�m�u�l�t�a�n�e�o�u�s� �t�e�s�t�i�n�g� �o�f� �t�h�e� 

�e�f�f�e�c�t�s� �t�h�r�o�u�g�h� �r�e�p�e�a�t�e�d�-�m�e�a�s�u�r�e�s� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �w�i�t�h� �t�w�o� �w�i�t�h�i�n�-�s�u�b�j�e�c�t�s� 

�i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s�.� �T�h�e� �w�i�t�h�i�n�-�s�u�b�j�e�c�t�s� �v�a�r�i�a�b�l�e�s�,� �w�h�i�c�h� �c�o�n�s�t�i�t�u�t�e�d� �t�h�e� �m�a�i�n� �e�f�f�e�c�t�s� 

�i�n� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e�,� �w�e�r�e� �g�a�r�m�e�n�t� �o�p�t�i�o�n�s� �a�n�d� �f�i�v�e�-�m�i�n�u�t�e� �t�i�m�e� �i�n�t�e�r�v�a�l�s�.� �A�s� 

�p�r�e�v�i�o�u�s�l�y�,� �t�h�e� �g�a�r�m�e�n�t� �o�p�t�i�o�n� �v�a�r�i�a�b�l�e� �h�a�s� �s�e�v�e�n� �c�a�t�e�g�o�r�i�e�s� �w�h�i�c�h� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �t�w�o� 

�s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t�s� �(�T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s� �d�e�n�o�t�e�d� �a�s� �o�n�e� �g�a�r�m�e�n�t�,� �a�n�d� �t�h�e� �T�y�v�e�k�®� �c�o�v�e�r�a�l�l� 

�o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s� �a�s� �t�h�e� �o�t�h�e�r�)�,� �a�n�d� �f�o�r� �s�l�e�e�v�e�s� �a�l�t�e�r�n�a�t�e�d� �o�n� �t�h�e� �s�t�a�n�d�a�r�d� 

�g�a�r�m�e�n�t�s�;� �t�h�e� �f�i�v�e�-�m�i�n�u�t�e� �t�i�m�e� �i�n�t�e�r�v�a�l�s� �a�r�e� �f�r�o�m� �s�t�a�r�t� �t�o� �f�i�n�i�s�h� �i�n� �t�h�e� �4�5� �m�i�n�u�t�e�s� �o�f� 

�c�y�c�l�i�n�g�.� �T�h�e� �i�n�c�l�u�s�i�o�n� �o�f� �t�h�e� �t�i�m�e�-�i�n�t�e�r�v�a�l� �v�a�r�i�a�b�l�e� �e�n�a�b�l�e�d� �t�e�s�t�i�n�g� �o�f� �t�h�e� �e�f�f�e�c�t�s� �o�f� �t�h�e� 

�g�a�r�m�e�n�t� �o�p�t�i�o�n�s� �o�n� �t�h�e� �s�u�b�j�e�c�t�i�v�e� �e�v�a�l�u�a�t�i�o�n�s� �b�y� �t�i�m�e� �i�n�t�e�r�v�a�l�s�,� �a�s� �s�t�a�t�e�d� �i�n� �h�y�p�o�t�h�e�s�e�s� �7�-� 

�1�2�.� 
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�T�a�b�l�e� �1�3� �s�u�m�m�a�r�i�z�e�s� �t�h�e� �r�e�p�e�a�t�e�d� �m�e�a�s�u�r�e�s� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �o�f� �t�h�e� �w�e�t�n�e�s�s�,� 

�t�h�e�r�m�a�l�,� �a�n�d� �o�v�e�r�a�l�l� �c�o�m�f�o�r�t� �r�a�t�i�n�g�s�.� �T�h�e� �g�a�r�m�e�n�t�-�t�i�m�e� �i�n�t�e�r�a�c�t�i�o�n� �e�f�f�e�c�t�s� �o�n� �w�e�t�n�e�s�s�,� 

�t�h�e�r�m�a�l�,� �a�n�d� �o�v�e�r�a�l�l� �c�o�m�f�o�r�t� �s�e�n�s�a�t�i�o�n�s� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �a�t� �t�h�e� �5�%� �s�i�g�n�i�f�i�c�a�n�c�e� �l�e�v�e�l�,� 

�w�h�e�r�e�a�s� �t�h�e� �g�a�r�m�e�n�t� �a�n�d� �t�h�e� �t�i�m�e� �e�f�f�e�c�t�s� �o�n� �t�h�o�s�e� �t�h�r�e�e� �s�e�n�s�a�t�i�o�n�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�.� �T�h�e� 

�s�i�g�n�i�f�i�c�a�n�t� �m�a�i�n� �e�f�f�e�c�t�s� �w�e�r�e� �f�u�r�t�h�e�r� �s�t�u�d�i�e�d� �b�y� �t�h�e� �F�i�s�h�e�r ��s� �l�e�a�s�t� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� 

�c�o�m�p�a�r�i�s�o�n�,� �a�n�d� �t�h�e� �r�e�s�u�l�t�s� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e�s� �1�4� �a�n�d� �1�5�.� 

�F�r�o�m� �T�a�b�l�e� �1�5�,� �s�u�b�j�e�c�t�s� �c�o�u�l�d� �d�i�s�t�i�n�g�u�i�s�h� �l�a�r�g�e�r� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �e�a�c�h� �o�f� �t�h�e� �t�h�r�e�e� 

�s�e�n�s�a�t�i�o�n�s� �b�e�t�w�e�e�n� �f�i�v�e�-�m�i�n�u�t�e� �i�n�t�e�r�v�a�l�s� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �1�5�-�2�0� �m�i�n�u�t�e�s� �o�f� �e�x�e�r�c�i�s�e� �t�h�a�n� 

�t�h�e�y� �c�o�u�l�d� �a�f�t�e�r� �t�h�a�t� �p�e�r�i�o�d�.� �T�h�e� �p�o�s�s�i�b�l�e� �e�x�p�l�a�n�a�t�i�o�n� �i�s� �t�h�a�t� �a�n� �i�n�c�r�e�a�s�e�d� �e�x�e�r�c�i�s�i�n�g� �t�i�m�e� 

�i�n�c�r�e�a�s�e�d� �h�e�a�t� �p�r�o�d�u�c�e�d� �b�y� �a�c�t�i�v�e� �t�i�s�s�u�e�s�,� �w�h�i�c�h� �i�n�c�r�e�a�s�e�d� �h�e�a�t� �l�o�a�d�.� �W�h�e�n� �t�h�e� �h�e�a�t� �l�o�a�d� 

�i�n�c�r�e�a�s�e�d�,� �t�h�e� �a�b�i�l�i�t�y� �o�f� �a� �p�e�r�s�o�n� �t�o� �m�a�k�e� �r�a�t�i�o�n�a�l� �j�u�d�g�m�e�n�t� �m�a�y� �b�e� �i�m�p�a�i�r�e�d� �(�P�a�r�s�o�n�s�,� 

�1�9�9�3�)�.� �A�s� �s�t�a�t�e�d� �b�y� �P�o�n�t�r�e�l�l�i� �(�1�9�7�7�)� �t�h�a�t� �t�h�e� �j�u�d�g�m�e�n�t� �o�f� �c�l�o�t�h�i�n�g� �c�o�m�f�o�r�t� �i�s� �a�l�s�o� 

�i�n�f�l�u�e�n�c�e�d� �b�y� �p�a�s�t� �e�x�p�e�r�i�e�n�c�e�;� �t�h�e�r�e�f�o�r�e�,� �t�h�e� �s�u�b�j�e�c�t�s �� �f�e�e�l�i�n�g� �a�t� �t�h�e� �f�i�r�s�t� �1�5�-�2�0� �m�i�n�u�t�e�s� �o�f� 

�e�x�e�r�c�i�s�e� �m�a�y� �a�f�f�e�c�t� �t�h�e�i�r� �c�o�m�f�o�r�t� �j�u�d�g�m�e�n�t� �a�f�t�e�r� �t�h�a�t� �p�e�r�i�o�d�.� �T�h�e� �o�t�h�e�r� �p�o�s�s�i�b�l�e� 

�e�x�p�l�a�n�a�t�i�o�n� �1�s� �t�h�a�t�,� �p�e�r�h�a�p�s�,� �t�h�e� �s�u�b�j�e�c�t�s �� �m�i�c�r�o�c�l�i�m�a�t�e� �c�h�a�n�g�e�s� �r�e�a�l�l�y� �w�e�r�e� �m�a�r�g�i�n�a�l� �a�f�t�e�r� 

�2�0� �m�i�n�u�t�e�s�.� 

�T�e�s�t�i�n�g� �o�f� �h�y�p�o�t�h�e�s�e�s� �7�-�1�2�.� �I�t� �w�a�s� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t�,� �d�u�r�i�n�g� �e�x�e�r�c�i�s�e�,� �w�h�i�l�e� 

�w�e�a�r�i�n�g� �t�h�e� �T�-�s�h�i�r�t�/�p�a�n�t�s� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� �(�o�r� �t�h�e� �T�y�v�e�k�®�-�c�o�v�e�r�a�l�l� �s�t�a�n�d�a�r�d� �g�a�r�m�e�n�t� 

�o�v�e�r� �t�h�e� �T�-�s�h�i�r�t� �a�n�d� �p�a�n�t�s�)�,� �s�u�b�j�e�c�t�i�v�e� �r�a�t�i�n�g�s� �o�f� �w�e�t�n�e�s�s� �(�o�r� �t�h�e�r�m�a�l�,� �o�r� �c�o�m�f�o�r�t�)� 

�s�e�n�s�a�t�i�o�n� �w�o�u�l�d� �b�e� �h�i�g�h�e�s�t� �o�n� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �T�y�v�e�k�®� �s�l�e�e�v�e� �a�n�d� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� 

�I�I�®� �s�l�e�e�v�e�,� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h� �a� �P�r�o�/�S�h�i�e�l�d� �I�®�,� �a�n�d� �t�h�e�n� �t�h�e� �g�a�r�m�e�n�t� �w�i�t�h�o�u�t� 
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�T�a�b�l�e� �1�3� 

�A�n�a�l�y�s�e�s� �o�f� �w�e�t�n�e�s�s� �(�a�)�,� �t�h�e�r�m�a�l� �(�b�)�,� �a�n�d� �o�v�e�r�a�l�l� �c�o�m�f�o�r�t� �(�c�)� �s�e�n�s�a�t�i�o�n�s� �w�i�t�h� �r�e�p�e�a�t�e�d� 

�m�e�a�s�u�r�e�s� �b�y� �g�a�r�m�e�n�t� �o�p�t�i�o�n�s� �a�n�d� �t�i�m�e� �i�n�t�e�r�v�a�l�s� 

� � 

� � 

� � 

� � 

� � 

� � 

�S�o�u�r�c�e� �d�f� �S�S� �M�S� �F� �p� 

�S�u�b�j�e�c�t� �9� �5�4�0�.�8�8�0� �6�0�.�0�9�8� �-� �-� 

�G�a�r�m�e�n�t� �6� �1�4�3�.�1�5�7� �2�3�.�8�6�0� �5�.�6�2� �0�.�0�0�0�1� 
�S�u�b�j�e�c�t�*� �G�a�r�m�e�n�t� �5�4� �2�2�9�.�1�0�0� �4�.�2�4�3� �-� �-� 

�T�i�m�e� �9� �1�0�9�6�.�4�8�0� �1�2�1�.�8�3�1� �3�8�.�6�2� �0�.�0�0�0�1� 
�S�u�b�j�e�c�t�*� �T�i�m�e� �8�1� �2�5�5�.�5�2�0� �3�1�.�1�5�5� �-� �-� 

�G�a�r�m�e�n�t�*�t�i�m�e� �5�4� �3�1�.�1�0�0� �0�.�5�7�6� �1�.�3�0� �0�.�0�8�2�8� 
�S�u�b�j�e�c�t�*�G�a�r�m�e�n�t�*�T�i�m�e� �4�8�6� �2�1�5�.�5�0�0� �0�.�4�4�3� �-� �-� 

�(�a�)� 

�S�o�u�r�c�e� �d�f� �S�S� �M�S� �F� �p� 
�S�u�b�j�e�c�t� �9� �3�2�1�.�6�0�1� �3�5�.�7�3�3� �-� �-� 

�G�a�r�m�e�n�t� �6� �9�9�.�9�3�7� �1�6�.�6�5�6� �1�4�.�8�3� �0�.�0�0�0�5� 
�S�u�b�j�e�c�t�*� �G�a�r�m�e�n�t� �5�4� �1�8�6�.�3�4�9� �3�.�4�5�]� �-� �-� 

�T�i�m�e� �9� �4�1�6�.�8�8�7� �4�6�.�3�2�1� �3�6�.�8�3� �0�.�0�0�0�1� 
�S�u�b�j�e�c�t�*� �T�i�m�e� �8�1� �1�0�1�.�8�7�0� �1�.�2�5�8� �-� �-� 

�G�a�r�m�e�n�t�*�t�i�m�e� �5�4� �1�6�.�4�6�3� �0�.�3�0�5� �1�.�0�4� �0�.�4�0�5� 
�S�u�b�j�e�c�t�*�G�a�r�m�e�n�t�*�T�i�m�e� �4�8�6� �1�4�2�.�6�8�0� �0�.�2�9�4� �-� �-� 

�(�b�)� 
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�T�a�b�l�e� �1�3� �(�c�o�n�t�.�)� 

� � 

� � 

�S�o�u�r�c�e� �d�f� �S�S� �M�S� �F� �P�p� 

�S�u�b�j�e�c�t� �9� �6�5�4�.�1�4�9� �7�2�.�6�8�3� �-� �-� 

�G�a�r�m�e�n�t� �6� �1�0�6�.�9�9�7� �1�7�.�8�3�3� �6�.�5�9� �0�.�0�0�0�1� 
�S�u�b�j�e�c�t�*� �G�a�r�m�e�n�t� �5�4� �1�4�6�.�2�3�1� �2�.�7�0�8� �-� �-� 

�T�i�m�e� �9� �6�2�0�.�3�2�0� �6�8�.�9�2�4� �3�6�.�6�3� �0�.�0�0�0�1� 
�S�u�b�j�e�c�t�*� �T�i�m�e� �8�1� �1�5�2�.�4�2�3� �1�.�8�8�2� �-� �-� 

�G�a�r�m�e�n�t�*�t�i�m�e� �5�4� �1�5�.�2�6�0� �0�.�2�8�3� �0�.�8�5� �0�.�7�6�8�8� 
�S�u�b�j�e�c�t�*�G�a�r�m�e�n�t�*�T�i�m�e� �4�8�6� �1�6�1�.�7�9�7� �0�.�3�3�3� �-� �-� 

� � 

�(�c�)� 
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�T�a�b�l�e� �1�4� 

�F�i�s�h�e�r ��s� �l�e�a�s�t� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �i�n� �w�e�t�n�e�s�s�,� �t�h�e�r�m�a�l�,� �a�n�d� �o�v�e�r�a�l�l� �c�o�m�f�o�r�t� �s�e�n�s�a�t�i�o�n� 

�r�a�t�i�n�g�s� �b�y� �g�a�r�m�e�n�t� �o�p�t�i�o�n�s� 

� � 

� � 

� � 

�G�a�r�m�e�n�t� 

�S�G�I� �S�G�I�P�I� �S�G�I�P�H� �S�G�I�T� �S�G�2� �S�G�2�P�I� �S�G�2�P�I�I� 

�W�e�t�n�e�s�s� �3�.�9�0�,� �3�.�9�1�,� �4�.�0�3�4�.� �3�.�6�8� �,� �5�.�0�0�,� �4�.�6�8�,� �4�.�5�2�.�4� 

�T�h�e�r�m�a�l� �6�.�4�4�,�,� �6�.�6�0�,�,�,�.� �6�.�3�2�,�,�.� �6�.�2�9� �.� �7�.�1�7�,� �7�.�2�5�,� �7�.�0�0�,� �4� 

�O�v�e�r�a�l�l� �3�.�4�6�.� �3�.�7�2�,� �«� �3�.�6�6�,� �3�.�7�1�,� �4�.�5�2�,� �4�.�3�5�,� �4�.�3�4�.�4� 

� � 

�N�o�t�e�.� �M�e�a�n�s� �i�n� �t�h�e� �s�a�m�e� �r�o�w� �t�h�a�t� �d�o� �n�o�t� �s�h�a�r�e� �s�u�b�s�c�r�i�p�t�s� �d�i�f�f�e�r� �a�t� �p�<�0�.�0�1� �i�n� �t�h�e� �F�i�s�h�e�r ��s� 

�l�e�a�s�t� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �c�o�m�p�a�r�i�s�o�n�.� 
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