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CHAPTER I 

INTRODUCTION 

Orientation to the Study 

The rapidity of consumer acceptance of changes in 

fashion has renewed the textile industry's interest in 

natural fibers. For hundreds of years all clothing and 

textile items were made from fibers produced by nature. 

In the years following World War II, however, remarkable 

advances in the petrochemical industry made possible the 

production of high purity chemicals that led to the devel­

opment of large quantities of man-made fibers. 

Consumers readily accepted the new man-made fibers 

that me t the demands o f modern living by providing such 

properties as easy care, wrinkle recovery, shape reten­

tion, and durability. Despite the fact that these fibers 

provided many of the properties desired by the consumer, 

they did not provide the comfort and other desirable char­

acteristics of natural fibers . Research in recent years, 

therefore, has concentrate d on the development of blends 

that combine the case of care properties of man-made 

fibers with the comfort and aesthetic properties of the 

natural fibers . 
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According to a national consumer study reported by 

Wingate (71), consumers' chief concerns in the selection 

of clothing are comfort, value, durability, shape reten­

tion, shrinkage, fabric feel, ease of care, and wrinkle 

resistance. Men, women, and teens, who participated in 

the survey, ranked comfort as the most important char-

acteristic when selecting apparel. Factors relating to 
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comfort have been designated as thermal resistance, 

moisture regain, lack of electrostatic charge, non­

allergenic reactions, density, freedom of movement, and 

fabric hand. Interest in assessing the relationship 

between comfort related factors and acceptance by consumers 

of textile materials necessitated development of research 

methods for determining comfort sensations of fabric 

surfaces . 

Although many attempts to measure the acceptance of 

textile products have been made in the past, the Associa­

tion of Administrators of Home Economics (60), in research 

projections of national goals and guidelines, have selected 

comfort , function , and aesthetic considerations as areas 

in which future research is needed. Emphasis also has 

bee n pl a c e d by this organization on the need for studies 

showing i n te r - r elationships among clothing comfort levels, 

activity , environmental factors , garment design , and 

fa bri c p r operti e s . 
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In the past, research on consumer acceptance of 

textile products has, for the most part, either relied upon 

surveys and questionnaires, or has involved objective mea-

surements of fabric properties on laboratory samples. 

There is evidence, however, that responses to fabric stimu-

lation can be measured in quantitative ways by physiologi-

cal monitoring devices that provide pupillary and skin 

response assessments. 

The response of pupil dilation to various stimuli 

is, in many respects, one of the most promising physiologi-

cal measurement techniques. Hess (23) substantiated that 

a person's eye, especially the pupil, furnished an objec-

tive index of sensory, emotional, and mental activity. 

Lowenfeld (39) stated explicitly: 

It was recognized at an early period of physio­
logical research that stimulation of any sensory 
nerve in the body will elicit bilateral pupil­
lary dilation. The reaction is so sensitive and 
reliable that it was often used as an indicator 
for sensation in physiological experiments. 
(p. 277) 

Searching for a method to study sensory stimulation 

by fabric s, Olsen (55) used a technique for interpreting 

pupi llary responses to textiles. Results of this study 

revealed that a relationship existed between the levels of 

subjective comfort ratings and the dilation or constric -

tion of the pupil . Dilation was greatest for the most 

comfortable subjective level while constriction was evident 



for the least comfortable level. 
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Conclusions of the study 

indicated that pupillometric assessment provided a much 

needed quantitative means of measuring fabric comfort and, 

moreover, since there has been no previous research relat­

ing pupillary response to textile products, the procedure 

presented many possibilities. 

Sk in conductance responses as indices of the general 

lev el of activation to sensory stimuli have a history dat­

ing back to the work o f FP. re (15) in 1888. Since that 

time h u ndreds of e xperime nts have employed electrodermal 

re s p onses as depend e n t va r iables in physiological research. 

Gracz (20) i nvestigated the presta rt emotions of 26 Olympic 

athlete s and conc luded tha t s y stematic control of skin 

resi s tance can be used as a signi f icant factor in psycho­

logi c a l eva l uation. 

Combinations of phys i olog ical tests, such as pupil­

lometric and galvanic skin re sponse t ests, have been used 

by investigators to evaluate menta l activity o f ind ivid­

uals . Kahneman et al . (34) compa r ed pupilla r y , he art 

rate , and skin resistance change s during a menta l ta s k a n d 

concluded that the three autonomic reactions gave s imilar 

results . In a study comparing pupillary respon se a nd 

galvanic skin response during an imagery task relating to 

concrete and abstract nouns , Coleman (6) found that the 



galvanic skin response correlated with the pupillary 

reaction. 
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Since physiological tests have proved to be success­

ful in the areas of problem-solving, food acceptance, 

interest, and emotion, there is reason to believe that they 

also would be useful in evaluating individual acceptance 

of items of apparel. Because the responses being measured 

are under involuntary control of the individual, they may 

yield more accurate information than can be obtained from 

personal opinion samples. 

Since long range goals indicate a need for research 

related to consumer acceptance of textiles and the tech­

nology is not available for recording physiological and 

psychological reactions, this study was undertaken to in­

vestigate the pupillometric, skin conductance, and personal 

opinion responses as measures of sensory perception of 

blend level , fiber length, and type of yarn. Such physio­

logica l and psychological responses allow use of quantita­

ti e data which provide new concepts of analyzing individual 

reactions to sensory stimulation by various fabrics. 

Definitions and/or Explanations of Terms 

The following definitions and/or explanation of 

terms were established for clarification of terminology 

used in the study : 



Comfort. The capability of the surfaces of the 

fabric to give physiological and psychological ease when 

perceived by sensory receptors of the skin (73). 
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Consumer. A person who uses goods or services. 

Pupillary response. A change in pupil size through 

dilation or constriction as a result of sensory 

stimulation. 

Sensory perception. The conveying of impulses from 

the skin to a nerve center where the impulses are 

comprehended. 

Skin conductance response. An electrodermal 

response associated with activity of the sweat gland. 

Subjective response. The personal opinion of the 

participant with regard to his/her acceptance of the 

fabrics being tested according to the scale for rating 

a cc e ptability of shirt fabrics (figure 7). 

wa s : 

Statement of the Problem 

The r e search problem investigated in this study 

Do the f ibe r pe rce ntage, fiber length, and type of 

ya rn used in the con s truction of intimately blended wool­

cot t o n fabrics affe ct t h e a ccep t a nc e of thes e fabrics for 

shirts by ma l e and femal e consume rs ? The s peci f ic p rob­

lems investigated are r ef l ected i n t he f ollowi n g nu l l 

hypothese s : 



Hypothesis 1. Pupillary response in regard to 
consumer acceptance of wool-cotton 
blends for shirts is not affected 
by the following fabric variables: 

a. Fiber content 
b. Fiber length 
c. Yarn type 

Hypothesis 2. Skin conductance response in 
regard to consumer acceptance of 
wool-cotton blends for shirts is 
not affected by the following 
fabric variables: 

a. Fiber content 
b. Fiber length 
c. Yarn type 

Hypothesis 3. Subjective response in regard to 
consumer acceptance of wool-cotton 
blends for shirts is not affected 
by the following fabric variables: 

a. Fiber content 
b. Fiber length 
c. Yarn type 

Hypothesis 4. There are no significant differ­
ences between male and female 
responses to the experimental 
fabrics as measured by: 

a. Pupillary assessment 
b. Skin conductance assessment 
c. Subjective assessment 

Hypothesis 5. There are no significant differences 
among body area responses to: 

a. Pupillometric assessment 
b. Skin conductance assessment 

Hypothesis 6 . There is no significant relationship 
among pupillometric, skin conduc­
tance, and subjective assessments as 
me a ns of measuring the effects of 
the following fabric variable s on 
consumer acceptance : 

a . Fiber content 
b . Fiber length 
c . Yarn type 
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CHAPTER II 

REVIEW OF RELATED LITERATURE 

The general purpose of this research study was to 

ascertain the effect of fiber content, fiber length, and 

type of yarn upon male and female acceptance of shirt-like 

garments composed of wool-cotton blends. Pupillometric, 

s kin conductance, and subjective questioning assessments 

were chosen as the means for measuring the participants' 

responses to the experimental fabrics. 

Although studies refer directly to pupillometric 

and s kin conductance techniques as methods of obtaining 

objective data, few researchers have attempted to apply 

these techniques to the analysis of textile products. 

None have included a combination using pupillometric, skin 

conductance , and personal opinion responses as indicators 

of sensory stimulation of fabrics, or compared the 

reactions of these assessments between male and female 

part icipants. It was neces sary, therefore, for thi s in­

vestigato r to utilize a wide range of r esources a nd 

literature in order to develop , implement , and complete 

the proposed project. 

8 
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For simplicity in presentation, the review of lit­

erature has been divided into the following major headings: 

(1) consumer acceptance of wool-cotton blends, (2) pupil­

lary responses to physiological and psychological stimuli, 

(3) skin conductance and other electrodermal responses to 

physiological and psychological stimuli, (4) relationship 

between pupillary and skin conductance responses to 

physiological and psychological stimuli, and (5) subjective 

assessments relating to consumer attitude toward textile 

products. 

Consumer Acceptance of Wool-Cotton Blends 

"The consume r today is not so passive as before and 

neve r again wil l be," according to Bernard Miller of The 

Textile Research Institute, Princeton, New Jersey (50). 

Textile manufacturers in response to the new consumer who 

is i mpacting the market with definite wants and needs are 

now trying to anticipate future r equirement s according to 

scientific studies . This i n turn results in a healthier 

marke t situation and more profitability for the producer. 

Several consumer studies attempting to isolate 

consumer interests have been re ported . Jenkins a nd Dickey 

(30) studied consumer types based on evaluative criteria 

such as appearance and practicality to identify underlying 

clothing decisions . They concluded that efforts with 
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consumers might be more successful if research were con-

ducted to find out what was wanted and needed rather than 

on the basis of assumptions. 

Winakor, Kim, and Wolins (70) investigated the 

tactile sensory assessment of fabrics using differences in 

the physical dimensions of stiffness, roughness, thick-

ness, and fiber content to determine consumer preference. 

The goal, according to the authors, was to determine if 

sensory or physical measures or some combination of these 

could predict consumer preference. Results of the study 

showed that sensory responses to all of the physical 

dimensions being tested differed significantly among par-

ticipants indicating that the semantic differential and 

t h e scale functioned well in the assessment of the fabrics. 

An example of the consumer role in dictating 

marke t a ble products is the "back to natural" trend that 

has b e come a popular concept not only in textile fibers 
I 

but also in f oods, cosmetics, and horne furnishings. After 

World Wa r II, the synthetic fibers were widely accepted 

because o f the ir ea s y care , wrinkle recovery, shape reten-

tion , and durab i l i t y p r operti e s. Because of a desire for 

aesthetics and comfor t i n t hei r t e xtile products, con-

sume rs in recent years have promoted t he use o f n a tural 

fiber s . An area in which excellent acc ep t a nce has been 
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achieved is the use of natural fibers in blends with other 

fibers. 

In recent research, O'Connell, Pardo, and Fong 

(54) established that wool-cotton blends could achieve 

good durable press and easy-care characteristics with a 

lower degree of polymer application than was necessary for 

either fiber alone. This was possible because of an addi­

tive contribution from the cross-linked cellulose, yet the 

wool hand and aesthetics were retained throughout the gar­

ment life. Additional advantages of the wool-cotton blend 

wer e that normal home care gave excellent results; soil 

was easily removed; and wrinkles were not permanently set 

when the garments were allowed to cool during the final 

minutes in the dryer. Results of laboratory tests indi-

cated that strength and abrasion resistance were impaired 

by the durable-press and shrink-resistant treatments, but 

we re justified in vi e w of the complete ease-of-care 

prope rties . 

In an addit i ona l study by the O'Connel research 

team (53) using double knits containing wool-cotton fibers, 

durable - p r e ss pe r fo r manc e was determined to b e superior in 

blends contain ing a high degree of cellulose while retain­

ing the wool - like aesthetics . Wo o l - cotton f abric ble nds 

ranging from 50/50 to 80/20 wer e used with r e sults 
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indicating that problems with fuzziness and crease reten­

tion developed with the use of higher percentages of wool. 

Fiber length is known to affect the texture and 

feel of the fabric into which it is incorporated. Gawne 

and Oerke (18) point out that shorter wool fibers twisted 

together make a soft yarn that presents a fuzzy appearance. 

In worsted yarns the short fibers, called nails, are combed 

out. Th e yarns with longer fibers have greater twist and 

result in firm-textured, smoother fabrics that are also 

lighter in weight. 

Ramey, Lawson, and Worley (59) examined fiber 

properties including fiber length relating to ring and 

open - end s pinning at the Agricultural Research Service 

Cotton Quality Laboratories at Knoxville, Tennessee. 

Findings indicated that yarn strength was more positively 

correlated with the fiber length and tenacity than other 

f ibe r properties . 

Several research studies allude to comparisons 

between ring and open- end spun yarns. However, few relate 

to diffe r e nces between the feel a nd comfort of f abr i cs 

made from these yarns on the body . 

Morris and Prato (51) develope d methods to evalu­

ate consumer acceptance and end- use p e r fo rma nce of denim 

fabrics made from open- end spun yarns . Fabr i c made from 
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ring spun yarns was used as the control fabric while open­

end spun yarns served as the test fabric. Fabrics were 

utilized in boys' jeans that were worn for 26 wash/wear 

cycles. Results of the wear study confirmed a superior 

performance by the ring spun yarns. Consumer acceptance, 

however, was greater for the garments constructed from 

open-end spun yarns. 

McKinney and Broome (48), in comparing the two 

types of yarn, found that open-end spun yarns produced 

fab rics with greater abrasion resistance, superior pilling 

resistance, less compression, less hairiness, but with a 

harsher and rougher h and. Schumann (62) also alluded to 

the greater harshness of fabrics constructed from open-end 

spun yarns . In addition, he stated that while open-end 

yarns were well accepted for coarse yarns, energy usage 

inc r eased dramatically for middle and finer counts making 

this a serious problem for spinning mills. 

Lyle (45) stated that open-end spinning showed 

advantages in bulkier yarns , better dyability, greater 

uniformity and strength , and resistance to pilling. She 

agreed with the previous authors , however, by stating 

tha t " . . open - end spinning is less versatile and 

results in a harsher hand , crisper feel , and stiffer 

fabr ·c . " 



Pupillary Response to Physiological 
and Psychological Stimuli 

Pupil dilation independent of light changes has 
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been recognized since the eighteenth century. One of the 

first detailed accounts of pupillary dilation caused by 

physical and psychological stimuli appeared in the work of 

Fontana (16) in 1765. As early as 1920, Lowenstein (40) 

reported that increases in attention resulted in dilation 

of the pupil. 

Interest among psychologists in pupil response 

reached an apex during the decade of the sixties due in 

part to the positive contribution of Eckhard H. Hess and 

his popularization of applications for pupillometry to 

current research issues. Hess's contribution has not been 

without controversy, especially the aversion-constriction 

hypothesi s, yet his work has been a starting point for 

most researchers interested in learning about the pupil of 

the eye . Janisse (29) r eviewed the literature that fol-

lowed Hess ' s investigations and concluded that the 

aversion - constriction phenomenon was found only when using 

p ictures and that this par ticular type of stimulus was too 

ope n to light reflex to provide trustworthy data. Lowen-

feld ( 38) also indicated that well -controlled research 

previou s to that of Hess had shown that the pupil was made 
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to dilate by all stimuli except light. Janisse (29) con-

eluded that 

. the pupil cannot be used to distin­
guish the attraction dimension from the interest 
dimension, nor can it be used to determine 
whether the attraction is positive or negative. 
However, if one does know the quality of an 
effect, emotion, or feeling, under properly 
controlled circumstances, the pupil is quite 
likely to be a good indicant of the strength or 
intensity of that state. (p. 59) 

Physiological Aspects of the Pupil 

The size of the pupil of the eye depends on the 

balance between ·the activity of the two smooth muscles in 

the iris. The dilator pupillae, controlled by the sympa-

thetic nervous system, tends to dilate the pupil. The 

muscle involved in constriction of the pupil, the sphinc-

ter pupillae , is controlled by the parasympathetic system. 

This s e t of opposing muscles exercises a fine but exten-

sive control over the pupil. Lowenstein and Loewenfeld 

(42) observed that pupil diameter ranges from 1.5 to 

more than 9 millimeters in man, and reacts to stimulation 

in as little as 0.2 seconds . 

The sympatheti c nervous system becomes active in 

states of emotional excitement , attention , or arousal by 

the release of catecholamines from the adrenal medulla 

located above the kidneys . Due to increased sympathetic 

ac ivi ty , ma ny physio logical change s occur throughout the 
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body, but those that are applicable to this study are pupil 

dilation and sweating. 

Variables Associated with 
Pupillometric Assessment 

Due to pupil sensitivity, several variables have 

been identified in the literature that were considered 

when planning this research. They are: the near vision 

reflex, age, fatigue, habituation, alcohol, stimulants, 

and drugs. 

The near vision reflex is the tendency for the 

pupil to constrict when focusing on a point relatively 

near the subject for several seconds. Kahneman and 

Beatty (32) found a 10 percent increase in pupil diameter 

when changing from a fixation distance of six inches to 

six feet. Relatively lengthy testing will promote pupil 

size variation because the participant may tire or lose 

interest , thus causing a change in focus. 

Bernick (2 ) studied 20 former heroin addicts who 

had been drug-free from one to eight weeks and who were 

from 19 to 49 years of age . Results indicated that age 

and pupi l si ze were nega tively relate d: the olde r the 

subject , the smaller the pupi l. In addi tion, Kummick (36) 

found decreased diamete r and increased va r iabil ity with 

age . Lowenstein , Feinberg , and Loewenfeld (43) also 



reported that with older subjects the pupil tended to be 

smaller in darkness. 
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Fatigue also decreases diameter as well as in­

creases the frequency of hippus, a tremor of the iris 

characterized by rapid construction and dilation of the 

pupil . Results of research studies have shown that fatigue 

is associated with changes in the shape of the pupillary 

light reflex, increased variability in pupil size, and an 

overall generally smaller pupil size. The general assump­

tion is that the size of the pupil slowly diminishes from 

early morning until late at night due to fatigue. Lowen­

stein and Loewenfeld (41) found that when subjects were 

fatigued, the pupil was quiescent at first, then decreased 

in size while also showing greater instability. 

Another variable associated with measuring pupil 

s i ze is habituation, defined as the process of becoming 

accus tomed to specific stimuli by repetition or periods of 

long exposure . Lowenstein and Loewenfeld (41) reported 

that after repeated measures the pupil diameter and the 

magni tude reflex decreased , while spee d of contraction 

decrea sed . 

Alcohol , stimulants such as c af feine , and some 

dr gs also cause dilation . As a result of this study of 

the influence of alcohol on the pupillary light reflex in 
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man, Skoglund (64) reported that alochol dilates the pupil 

in proport i on to the percentage of alcohol in the blood. 

Pupillometric Research Studies 

Numerous fields of research have utilized the mea­

sureme n t of pupillary activity since the decade of the 

sixties. In these investigations, researchers have 

a ttempted to measure a wide range of human characteristics 

and ideologies by applying a stimulus to one or more of 

the five senses. The following research studies have been 

categorized according to the sensory receptor involved: 

visual , auditory, gustatory, olfactory, and tactile. 

Visual. In the first of a series of studies, Hess 

and Pol t (25) measured pupillary changes to pictorial 

stimuli in four men and two women. Pupillary responses 

were scored by the percentage of increase in pupil size 

from a t e st slide over a preceding control slide, both of 

which we r e processed to control brightness. Results 

showed that women gave l arger dilation responses to pic­

tures of a baby , mothe r and baby, and a nude male, while 

men showed grea t e r res ponses to a picture o f a nude 

female . This was interpreted by Hess and Polt to mean 

that dilation of the pupil could show preference . 

In anothe r study , Hess , Seltzer , and Schlien (2 7) 

found that pupillary responses discriminated b etwee n 
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homosexual and heterosexual males. Five of these subjects 

were known to be homosexual, and five were heterosexual. 

Fifteen picture slides were shown alternately with a medium 

gray control slide. Five of the slides were pictures of 

females, five were pictures of males, and five were neutral 

slides of an artistic nature. All heterosexual males 

showed a larger pupil response to pictures of women than 

to pictures of men. Four of the five homosexual males 

showed a greater pupil dilation to pictures of male nudes. 

According to Hess, this indicated that pupil response had 

discriminating power when both preference and behavior had 

been indicated, even though concealed. 

Woodmansee, Newsome, and Kirby (74) conducted a 

modif i ed replication of the single trial design that Hess 

h ad used . This test consisted of a stimulus photograph of 

the gruesome murder of a local college coed that had taken 

place in the previous two weeks. The picture of the mur­

dered g irl was shown to eight fema le college students who 

were "repelled , disgusted, or sickened" by it and to six 

female college students with either neutral or positive 

feelings about it . Each subject viewed the picture nine 

times , each time viewing the photograph for two minutes 

before testing began to allow for the transition from a 

state of arousal to a state of aversion . All trials of 



the aversive group resulted in dilation, while eight of 

the neutral group's trials resulted in dilation. 
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Hess (23) , in additional research, showed a group 

of 20 men a series of pictures including two photographs 

of an attractive young woman. The photographs were iden­

tical except that the eyes in one were retouched to make 

the pupils larger. While the pupillary response of the 

participants was more than twice as large in response to 

the picture with large pupils, the men were unable to 

detect any difference. Hess concluded that, since the 

pupil indicated different responses to stimuli that at the 

verbal level seemed quite similar, the pupil was a more 

sensitive indicator of change. 

Gerall, Sampson, and Boslow (19) attempted to 

study the effect of different stimuli on pupil dilation 

by a classical conditioning procedure. The three types of 

stimuli were: shock paired with light offset, light off­

set alone , and shock alone. The subjects were divided 

into five groups including two control groups. The sub­

jects exposed to shock manifested a conditioned behavior 

as measured by anticipatory and maximum pupillary dilation 

changes . The other groups showed no consiste nt change and 

we re not statistically different from each othe r. A con­

clusion drawn from the results was that a known r e inforce r 



does affect the conditioning of a response predominantly 

governed by the autonomic nervous system. 
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Related pupillographic studies representing 

research in psychiatric medicine have been reported. 

Streltsova (66) found that the pupillary dilation orient­

ing reaction, which is the ability of the pupil to orient 

itself to changes in light, is considerably stronger in 

hysterical patients than in normal persons. This was 

attributed to subcortical excitation and weakening of 

cortical regulation. Chronic alcoholics, schizophrenics, 

and epileptics displayed reactions that were weaker than 

normal or absent entirely. Streltsova also found that 

some drugs, such as strychnine or caffeine, stimulated the 

pupillary orienting reaction when given in small doses, 

but inhibited it when given in larger doses. Streltsova 

concluded that the pupillary orienting reactions could 

possibly be used in determining optimal individual 

medica tion. 

Auditory . The second study published by Hess and 

Polt (26) was the first one to deal with the relationship 

between problem difficulty and pupil size. Four verbally 

presented multiplication problems of increasing difficulty 

(7 x 8 ; 8 x 13 ; 13 x 41; and 16 x 23) we re individually 

presented to four men and one woman. Graphs of pupil 
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size of each of the five subjects showed a gradual dila­

tion, beginning with the presentation of the problem and 

reaching its peak immediately before the subject's verbal 

report. This was followed by constriction to original 

size. 

Kahneman and Beatty (32) carried out a series of 

studies using pupil size as an index of "processing load" 

in which pupillary measurements were carefully time-locked 

to paced performance of mental tasks. These experiments 

demonstrated a characteristic response pattern consisting 

of dilation as material is presented to the subject for 

mental processing, and constriction at the completion of 

the task. In a series of follow-up studies, Kahneman, 

Beatty, and Pollack (33) had subjects perform a visual 

detection task and a digit transformation and recall task 

both separately and simultaneously in an attempt to 

validify the assumption that pupil size is specifically 

sensitive to the degree of mental effort expended. The 

results showed that performance on the visual detection 

task was significantly better and pupillary dilation smal­

ler when this task was performed alone. A parallel between 

the amount of pupillary dilation and mental effort was evi­

dent from results found under simultaneous conditions . 

Collins , Ellsworth , and Helmreich (7) studied 

changes in pupil size and semantic differential ratings . 
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Three defined dimensions of attitude covered 14 polar ad­

jective pairs. There were eight pairs of evaluative 

adjectives: good-bad, clean-dirty, sweet-sour, pleasant­

unpleasant, fragrant-foul, beautiful-ugly, nice-awful, 

and sacred-profane. There were three pairs of adjectives 

in the activity scale: active-passive, sharp-dull, and 

fast-slow; and three pairs of words in the potency scale: 

strong-weak, large-small, and heavy-light. Eight Yale 

undergraduates served as subjects. Draft and compulsory 

military service were the concern of 10 stimuli (seven 

verbal, three pictorial), 11 (seven verbal, four pic­

torial) were concerned with miscegenation, and 11 (seven 

verbal, four pictorial) with Yale University parietal 

hours. Results showed that the potency dimension was 

positively related to changes in pupil size. The evalua-

tive and active dimension, however, were not related to 

pupillary change. 

Noise has been the subj e ct of at l east three 

pupillometric studies. Patrick (56) introduced noise 

levels from 73 to 96 decibels (db) to subjects performing 

a visual - scanning task. Greater pupil dilation was found 

in the presence of noise than in its absence . Nunnally 

and Riliegh (52) had subjects listen to tones of 64.2, 74.2, 

84 . 2 , and 94 . 2 decibels . Pupil size was significantly 
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larger for 94.2 decibels than for the other three tones. 

Frith (17) exposed subjects to a 95 decibel tone and found 

that it was accompanied by an increase in pupil size but 

that the effect diminished after two presentations. This 

led to the conclusion that pupil size response reflects 

arousal level which increases with the changes in stimu­

l ation , but rapidly adapts to the changes. 

Gus tatory . Hess and Polt (25) also tested the 

hypothe s i s that pupi l response may be closely related to 

the parie tal cor t ex, the portion of the brain thought to 

be r elated to t he sen se of taste. Five types of orange 

drinks were chosen as stimuli. Six teen subjects ( f our 

females and 12 ma le s ) tasted the drinks that were pre­

s e nted onc e to e ach sub ject with half receiving them in 

the order of one t o five , a nd the other ha lf rece iving 

the m in reve r se o r d er (five to one ) . Water served as a 

control pre ceding t he t a st i ng of e ach orange drink. 

Results demons trated tha t t here wa s a s igni f ica nt di ffe r­

ence among the r es pon se s to the orange drink stimu l i a nd 

that there was not a significa nt diffe r enc e in t he pupi l­

l a ry respons e to t h e water . Accordi n g t o Hess this 

i nd i c a t e d a sensitivity of t h e pupil in disting uishing 

among s t imuli that we r e too s imilar f or othe r me t hods to 

differentiat e . 
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Olfactory. Kennedy (35) studied 35 hospitalized 

alcoholics, biweekly, for a 16 week period. The subjects 

were allowed to sniff water and the alcoholic beverage of 

their choice while having their pupillary response re­

corded. A decline in pupillary dilation caused by the 

odor of the alcohol over the course of treatment and a 

more dramatic decline in the final weeks of treatment was 

reported. Kennedy interpreted dilation as indicating 

positive attitudes toward alcohol and suggested that pupil­

lary response might be used to determine when to discon­

tinue treatment. 

Tactile. Olsen's (55) study of pupillary and sub­

jective responses to stimulation by chemically treated 

fabrics was the foundation on which the current study 

reported in this manuscript was launched. Eleven college 

women were participants in the investigation that attempted 

to determine if pupillary responses could measure the com­

fort of textile fabrics. Durabl e press, fire retardant, 

and fabric s oftner treatments were applied to broadcloth 

and flannelet te fabrics to give 12 fabric finish combina­

tions . A r elationship between dilation and subjective 

comfort ratings was found to exist : dilation for most 

comfortable subjective level and constriction for the 

least comfortable subjective level . Olsen encouraged 
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further investigation in the area as no previous research 

had attempted to use pupillometric techniques to discern 

sensory stimulation by different types of fabrics. 

Skin Conductance and Other Electrodermal 
Responses to Physiological and 

Psychological Stimuli 

Historical and Theoretical 
Perspectives of the Electro­
dermal Phenomenon 

Work on the significance of electrodermal activity 

and its relationship to physiological and psychological 

stimulation seems to have begun with F~re (15) in 1888. 

His interest in the effects of sensory and emotional 

stimuli led to his investigation of hysterical subjects to 

which surface electrodes had been applied. Presentation 

of various visual and acoustical stimuli produced transient 

decrease s in resistance between the two points . His sug-

gestion that the phenomenon could be of value to psycho-

physiological measurements gave impetus to the use of 

electrodermal activity as an index of an important research 

construct . 

Soon after Fere ' s work on the exosomatic response 

in e l e ctrodermal activity , Tarchanoff (67) discovered the 

potentia l difference between two points on the body sur-

face . Also called the endosomatic res ponse , this bio-

el e ctric event measures the relative activity between two 

electrode/electrolyte junctions . 
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Since the work of Fere and Tarchanoff, considerable 

effort has been devoted to studying the numerous facets of 

electrodermal activity and as a result several theories 

attempting to explain the application of this phenomenon 

to the measurement of physiological and/or psychological 

stimulation have arisen. Two of these, the arousal and 

orienting reflex theories, have acted as broad bases upon 

which much of the current research has developed. 

The arousal or activation theory evolved from the 

early work of Fer~ (15) and took the position that a major 

aspect of emotion, as it has been historically labeled, is 

the general level of energy mobilization. Duffy and Lacey 

(12), Schlosberg (61), and Malmo (49) pointed to the tonic 

measures of skin conductance level as indicators of the 

degree of energy mob ilization or activation. Credence to 

this approach was provided by Lindsley (37) as he showed 

that activity in the brain stem reticular formation, mani­

fested by increased frequency and decreased amplitude of 

the elec troencephalograph, is related to arousal. 

Sokolov (65) was of the opinion that sensitivity 

to stimulation f rom the environment can be viewed in terms 

of the orienting reflex and its specific phasic or tonic 

r esponses . The former is created by the novelty of the 

stimulus and can be distinguished by skin conductanc e , 

resistance , and potential responses. The l atte r appears 
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much more slowly upon habituation and can be represented 

by skin conductance, resistance, and potential levels. It 

is, therefore, the phasic orienting responses that are 

applicable to this investigation. 

During the same years that these theories arose, a 

large body of literature developed which questioned the 

validity or usefulness of the phenomenon in measuring 

ps y cholog ical levels. McCleary (46) in his paper entitled 

"The Nature of Galvanic Skin Response," concluded that the 

initial e xpectations of this activity in psychological 

r esearch were unfounded. He suggested that although there 

was c e rtainty o f the involvement of the sympathetic 

ne r v o u s s ystem in electrodermal activity, there still 

remained numerous unanswered questions. 

However , in support of the applicability of elec-

trodermal ac t ivity to the measurement of physiological and 

psychological s timulation, Lykken (44) wrote that "it con-

tinues stoutly to provide us e ful d a t a in spi te of being 

abused by measur emen t t e chnique s which r a nge from the 

arbitrary to the positive l y wei r d ." 

Physiological Basis and Mechanisms 
of the Electrodermal Response 

Before discussing particular r esearch issues , a 

basic understanding of the physiological nature of 

electrodermal response as well as the mechanisms underlying 
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both the exosomatic (skin conductance and resistance) and 

the endosomatic (skin potential) responses is necessary. 

Knowledge of underlying physiology is essential for the 

a wareness of potential error and for the development of 

the usefulness of electrodermal measures. 

Many theories have been advanced since mid-century 

to e x plain the physiological basis of electrodermal phe­

nome n a. McCleary's (46) paper dealt, in part, with this 

subject , in which he presented three viewpoints: the 

muscu l ar theory , the arousal theory, and the secretory 

theo ry . The first of these met an early end. Both the 

v ascul ar and the s e cre tory theories, the former being 

attrib uted to Fere (15) and the latter to Tarchanoff (67), 

survive t oday , with the Tarchanoff theory being more 

wide ly accepted . 

One ve r sion o f the vascular theory was suggested 

by McDowe ll ( 47) . He argue d that a fall in resistance 

occ ur r ed whe n the b lood conte nt o f the skin dimin i s he d a s 

a result o f v a soconstric tion , b e c a u se the r e s i s tance o f 

blood is h ighe r than that of extrac e l lular fl u i d. 

The r e a r e two v e rsions of the sec retory t h e o ry . 

One , which is rejec ted by Mc Cl eary , attributes lowered 

resistance , and thus increased c ondu ctanc e , to t h e 

presence of sweat in or on the skin . A simi l a r the ory 

projected by Darrow (11) and Dar row and Gu l lic ks on (9) 
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states that it is the sweat ducts that provide the high 

conductance pathways to deeper parts of the gland, and 

that the surface recording reflects electrical changes in 

the epidermis. 

The alternative explanation is that the permeabil­

ity of the membranes involved in the conductance of an 

imposed current is affected by changes in the sweat glands 

prior to secretion. This view, advanced by the works of 

Edelberg, Greiner, and Burch (14) and Wilcott (72), recog­

nize s the active involvement of the epidermal mechanisms 

in skin conductance and resistance, and emphasizes the 

role of superficial layers in skin hydration regulation. 

As indicated in the preceding paragraphs, there is 

no single explanation of the electrodermal response, but 

certain facts are r e levant to this investigation. On an 

elementary l evel , skin contains eccrine sweat glands that 

have been shown to exhibit either a change in resistance, 

conductance , and/or potenti al when the subject is stimu­

lated . Such changes are linked with the s ympa thetic 

division of the autonomi c nervous system. Act ivation 

causes a subsequent increase in the amount of catechola­

mine s that are released and results in glandular secretion 

of moisture . Even though further investigation is needed 

to determine whether the electrodermal responses occur as 

a reflex to this secretion or the presecretory changes in 
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the body, one can still recognize the importance of these 

measurements as indicators of activity of the sympathetic 

nervous system. 

As the investigation in the present study attempted 

to measure the orienting reflex to tactile stimulation, it 

was, therefore, phasic levels of electrodermal responses 

with which this investigation was concerned. The appro­

priateness of skin conductance measures to this study can 

be further supported when viewed in terms of the method 

utilized in data collection. 

Two different types of measurements have been in 

common use. In the first, the exosomatic procedure, an 

e x ternally imposed current is applied to the skin and 

underlying tissues through an electrode/electrolyte junc­

t ion. Re sistance to or conductance of its passage is mea­

sure d through a second junction. The second method, 

referre d to as endosomatic, records the skin potential, 

which is t he e l e c t ric a l activity of the s k in itself. No 

current is exte r nally i mposed and the junction only serves 

to connect t he body sur face to the me a suring apparatus. 

Venables and Chris t ie ( 6 9) concluded that as a tool for 

behaviora l use , e xosomatic techn iqu e s pr e s e nt f e wer mea­

suremen t prob lems than the endosomatic method, p r imarily 

due to t h e c omp l e x multi - phase waveforms . 
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A great deal of controversy still exists over which 

is the best indicator of exosomatic measures--skin conduc­

tance response or skin resistance response. Review of 

electrodermal related literature revealed the following 

findings in support of the use of the former for electro­

dermal measurements. 

Venables and Christie (69) have stated that mea­

surement of exosomatic electrodermal activity in terms of 

skin conductance rather than resistance is physiologically 

mo re reasonable. As the number of active sweat glands in-

creases, there is an increa se in the number of conducting 

pathways , thus increasing the level of conductance. 

According to Lykken (44), increases or decreases 

in the number of active sites will not affect the skin 

conductance response, where as the resistance change has 

been shown by Darrow and Smith (10) to be lowered by 

decreasing skin res i sta nce level. If an individual has a 

high resistance level, there are only a few active sweat 

glands , those able to transmit the current. Response to 

an i mposed current will c ome at lowe r dens ities than thos e 

of a pe rson with low skin resistance response according to 

Prokasy and Rask in (58) . This characte ristic o f electro­

de rmal "satu r ation" leads to a nothe r issue involved in the 

controversy , selection of the recording circuitry . 



There are two circuits widely used for measuring 

exo somat ic responses, constant-current and constant-

voltage. Each can be described in terms of Ohm's law, 
R 

written I = - where I is the current, R is resistance, 
v 

and v is voltage. Skin resistance (R) can be measured 
v 

R = by holding current constant. 
I 

Edelberg (13) reported findings of an experiment 

whi c h dealt with the practical application of these cir-
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cuits . The voltage-cu rrent curves that he obtained indi-

cated t hat nonlinearity did not occur in subjects with 

v e ry low r e s i stance levels until current densities (the 

amount of current f l owi ng per unit of electrode) of 

75 A/cm2 were i mpose d. Subjects with very high resistance 

l eve ls recorded non l inear voltag e-current relationshi ps 

wi t h d e nsitie s as l ow as 4 A/cm2 . The explanation is con-

si sten t with the s a t u r ation idea. When the number of 

active swea t glands is high (meani n g low skin r e sistance 

le el) , the current will be divided p roport i onately over 

the lar g e number . The total current density whi c h may b e 

used befor e the thre shold f or non l inearity is reached may 

be considerably h igh e r tha n in the high skin resistance 

level cases . The constant - curre nt system, by de f inition , 

impose s the s ame current regar d l e ss o f t he a c tivi t y o f the 

sweat glands . The high skin r esista nce l e ve l s ub jects , 
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therefore, may exceed their threshold for nonlinearity and 

provide unreliable data. The voltage used in constant-

voltage systems, on the other hand, is independent of the 

number of active glands and the current through an indi-

vidual gland remains the same, regardless of the number of 

active glands. 

Further study of the Edelberg voltage-current 

curves showed linearity for all subjects when the level 

was below .8V across a single site. He concluded that 

the ability of the skin to obey Ohm's law is determined by 

the applied voltage rather than by current density and 

suggested the use of a value of .SV across a single site 

to avoid nonlinearity. Both his conclusion and his sug-

gestion have been supported by other researchers and imply 

the adoption of constant-voltage circuits as means of mea-

suring skin conductance responses of the electrodermal 

phenomenon . 

Re s e arch Issues Involving 
El e ctrodermal Re sponses 

Th e theories of electrodermal activity have long 

bee n applie d to a variety of areas of investigation. The 

following section reviews specific research issues that 

have used va r iou s i ndi c e s of measure me nts and aspects of 

the sub ject , e nv ironme nt , and methodology . 
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Grings, Uno, and Fiebiger (21) conducted a study 

in which subjects were presented a series of two-second 

noise stimuli that fell within a range of 60-100 decibels. 

The magnitude, latency, and recruitment time of skin con­

ductance responses were measured. As the stimulus in­

tensity increased, both the magnitude and recruitment time 

rose, while a decrease in the two was observed as the 

number of repetitions increased. This suggests that skin 

conductance response is indicative of the level of stimu­

lation and the point of habituation. 

Complex visual stimuli were employed by Hare and 

Thorvaldson (22 ) . A series of slides depicting homicides, 

nude female s, and ordinary subjects were presented to male 

subject s while their s kin conductance responses were moni­

tored . Although all three type s of stimuli produced 

responses which habituate d upon repeated exposure, there 

were no differences in magnitude of the responses as a 

function of stimulus type . 

Zinny and Kienstra (75) reported that alterations 

of stimulus quality , intensity , or t emporal cha r a cteristics 

cause the initial response to be reinstated . They re­

ported that when a tone was interpolated among a series o f 

electrical shocks , the magnitude of skin conductance 

r esponse to the tone was greater than the response 
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illicited by the preceding shock. Increase in skin con-

ductance response did not occur when the tone had been 

preceded by a series of shocks and tones. This study 

demonstrates that in some situations the magnitude of the 

response is determined more by the novelty of the stimulus 

than by its noxious quality. 

A study by Johnson and Campos (31) investigated 

the effects of cognitive tasks and verbalization instruc­

tion on heart rate and skin conductance. Each of two 

t ypes of tasks were administered under the following three 

instruction conditions: no verbalization, later verbali­

zation, and concurrent verbalization. It was found that 

the imag ination task recorded changes in heart rate and 

s ki n conductance only when the subject was preparing to 

t alk or ac t ually talking , while the mental arithmetic 

pu zz le task resulted in cardiac acceleration and skin con­

ductanc e i ncrease s even when no verbalization was required. 

The findings of thi s study s ugges t that cha nges are 

generally due to v e rbali zation req uirements and that the 

effects can be at tr ibu ted i n part to the f e ar of being 

evaluated while talking . 

The most rel e vant resea r ch study t o the inves tiga­

tion reported in this manuscript was undertaken b y 

Andreen , Gibson , and Wetmore (1) . Physiologic al f ac t ors 
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such as body surface temperature, electrical conductivity, 

rate of sweating, total sweat cost, and heart rate were 

measured as criteria for evaluating the comfort afforded 

human test subjects by textile apparel. Fabrics were 

tested in the form of single-layer, coverall-type garments 

which covered the body from neck to ankle. The routine 

was usually one of rest, exercise, and rest in the nude, 

which served as a control, followed by rest, exercise, 

and rest in one of the garments. Each of the subjects was 

exposed to four different skin conditions of a warm en-

vironment. The electrical conductivity of the skin was 

measured by converting skin resistance response to the 

appropriate data. Increase in electrical conductivity was 

associated with increasing air temperature and humidity 

and subsequently discomfort. The measurement of skin 

conductivity appeared to distinguish satisfactorily between 

envi ronments and between nude and clothed situations. In 

most cases the physiologica l recordings confirmed the ex-

pected differences in comfort. 

Relationship Between Pupillary and Skin 
Conductance Responses to Physiological 

and Psychologica l Stimuli 

The association of pupillary response with other 

physiological response systems has not been widely re -

searched . As one of the many functions associated with 
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the autonomic nervous system, the pupillary response would 

be expected to be related to a variety of other autonomic 

variables. 

Kahneman et al. (34) raised the question as to 

whether comparable results can be obtained with other 

autonomic functions when time-locked to paced mental 

activity. Ten volunteer college students were tested for 

pupillary, heart rate, and skin resistance changes using 

three levels of difficulty of a digit transformation task 

involving addition. The order of task difficulty was ran-

domized for each subject and the procedure continued until 

five error-free trials were obtained before beginning the 

experiment . Results showed that a sympathetic-like in­

crease in activity occurred in all channels (pupillary, 

heart rate, and skin resistance) during the input stage 

followed by a decrease in the report phase. 

In a study by Scott et al. (63), electrodermal 

s ki n response was employed with pupil size. Male and 

female subjects were exposed to three types of stimuli: a 

pi stol shot , four pictures of semi -nude males, and four 

pictures of semi - nude females . The data indicated that 

the skin r espon se was more sensitive than the pupil 

response to the presentation of the stimuli when each was 

compared to an appropriate control pe riod . In all other 

categories the elec troderma l response mimicked the pupi l 
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response. The investigators, who originally set out to 

test the aversion-constriction hypothesis, concluded that 

" . the pupillary response variable was found to be 

similar to skin response in that it is a generalized emo­

tional responder subject to the same limitations as other 

autonomic variables" (p. 438). 

Coleman and Paivio (6), in yet another study com­

paring pupillary and electrodermal response, required 

subjects to create images of concrete or abstract words 

and to press a key when they had formed a mental picture. 

The abstract words were associated with greater dilations 

than the concrete words, but the skin response did not 

distinguish between the two types of words. The authors 

concluded that pupillary response is more sensitive to 

chan ges in cognitive activity occurring during an imagery 

task . In addition, the results indicated that the latency 

of such physiological responses could be a more sensitive 

indicator than the magnitude of the responses. 

The general assumptions obtained from research 

comparing pupillary, skin conductance, and heart rate 

responses would seem to indicate that each measure may 

react to variables in a different way, thus implying that 

multip le measures afford more information and higher detec-

tion rates than any single measure . Research i s thus 



needed to assess the relative merits of the different 

responses as well as to establish the usefulness of com-

paring various response systems. 

Subjective Assessment Relating to Consumer 
Attitude Toward Textile Products 

Numerous research studies can be found in the 

literature relating to subjective assessment of textile 

products . However, according to Brand (4),there is no 

accepted valid method of measuring the aesthetics of 

fabrics. Few people can agree on what fabric aesthetics 
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are , since it is subj ective and apparently means different 

thingsto different people. One goal of fabric scientists 

is to find a numerical process to measure and define 

ae sthetic properties . 

Hoffman (28), however, stated that the possible 

existanc e of major area s of disagreement is one of the 

strongest reasons for making studies of consumer opinion. 

It is his belief that marke ters should know when groups of 

people disagree about p roducts since identification of 

market segments is more bene f icial than attempting to sell 

the entire market . Hoffman also advanced the the ory that 

even though 95 perce nt of all clothing purchase decisions 

involve emotion , little research has bee n done attempting 

to isolate psycho logical aspects of clothing . 
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Brand (4) investigated the use of "polar-pair" 

words combined with a mathematical technique called factor 

ana l ysis which involves identifying the number of distinct 

mental processes required to account for specific psycho­

l ogical or physiological phenomenon. He suggested that 

individual judges evaluate a polar-pair category and that 

f actor analysis be used to determine the number of mental 

proce sses used by the judge in evaluating the fabrics. 

Binns (3) conducted a study using judges from dif­

ferent educationa l and sociological backgrounds. Twelve 

fabric s were judged by 22 manufacturers and buyers of 

dress goods a nd a group o f six boy s between the ages of 

15 - 18 . Results showed a high statistical correlation 

between t he t wo g roup s l e a d ing Binns to conclude that the 

basis of highly s kil l e d judqment a ppeared to be native 

and immedia t e . 

The p r e c edin g l iteratur e gav e a bas is for the 

s e lection of processes to be used by t h is i nve s tigator . 

The assessment of the relative merits of vario us materials 

a nd proce dures was instrumental in determining their i n­

c l usion in the current investigation . 



CHAPTER III 

EXPERIMENTAL PROCEDURES 

The purpose of this investigation was to determine 

t h e effect of fiber content, fiber length, and yarn type 

upon the consumer acceptance of shirt-like garments com-

posed o f wool-cotton blends. The research design utilized 

both male and female subjects whose responses to the ex-

perimental fabrics were measured by pupillary, skin con-

ductanc e , and subj e ctive assessments. 

The p rocedure is described under the following 

categories : (1) d e scription of the experimental garments 

and swatches , (2) se l e ction of participants, (3) descrip-

tion of instruments and procedures, (4) data evaluation 

proc e sse s , and (5) ana lysis of data. 

Description o f the Expe r i me nta l 
Garments and Swa t ches 

The five experimental fabr ics tha t wer e included 

i n the study were provided cooperativel y by t he Woo l 

Bureau , Inc . , the International Woo l Sec retariat , and the 

este rn Regional Research Labora tories of the United 

S ate s Department of Agriculture . These fabrics were com-

posed of wool and cotton intimately blended in a 
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7.5 oz. 2/2 right hand twill weave with a yarn count of 

39.4 tex and a fabric count of 67 ends/inch x 64 

picks/inch. The fabric construction was engineered under 

the supervision of Dr. Robert Donnelly of the Western 

Regional Research Laboratories of the United States 

Department of Agriculture. Other details related to the 

fabrics are shown in table 1. 

TABLE 1 

DETAILS OF EXPERIMENTAL FABRICS 

Yarn Twist 

Percent Yarn Fiber (per in.) 
Fabric Wool/Cotton Spinning Length System 

w F 

A 55/45 ring 1.71 15.5 14.5 

B 55/45 ring 3.38 15.5 14.5 

c 40/60 ring 1.71 15.5 14.5 

D 40/60 o pen end 1.71 20.1 18.7 

E 25/75 ring 1.71 15.5 14.5 

Two shirt - like garments of medium size (one of 

misses ' size 12 for the females , and the other of men 's 

size 15 co r the males) were constructed from each of the 

five expe r imental fabrics and us e d as simulated garments 
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in evaluating the feel of the fabric on the upper body of 

the participants. The garments were designed with a shirt 

collar, cape-like sleeves, and a center front opening with 

Velcro closures to facilitate ease in application. 

Figure 1 shows the design details of the experimental 

garments. 

Five flat fabric swatches, 38 x 38 em., were cut 

fr om the experimental fabric and used for the tactile 

evaluation that was recorded by the pupillometric and 

s kin conductance equipment. These swatches also were 

used for the personal opinion survey where acceptability 

ratings f or the shirts were made by the participants. 

Sele ction of Participants 

The f ollowing criteria were used in the selection 

of the p articipants: (1) 20-30 years of age; (2) medium 

size in r elation to s ex ; (3 ) visual acuity of 20/20 with­

out the a s sistance o f g l a s s es or contac t lenses; 

(4) fr eedom f r om a llergenic or othe r s kin proble ms; 

(5) absence of stimulants on the day o f t es ting (i. e ., 

medication , caffeine) ; (6) sufficient color v ariab il ity 

between the iris and pupil of the eye (i . e ., to d i stin­

guish the pupil from the iris when measuring pupil size 

change) ; and (7) accessibility at the time of t h e tes t­

ing sessions . 
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Front View 

Buck VicH 

Fig . 1 . Design details of the experimental garments . 
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Subjects were solicited by visits to several clas-

ses on the Texas Woman's University and North Texas State 

University campuses, and sign-up sheets were placed in 

male and female dormitories. Each sign-up sheet contained 

the selection criteria. 

Two tests were used in screening the subjects who 

volunteered to serve as participants. These were the 

Snellen eye test and a skin sensitivity patch test. The 

vi sual acuity test was used in screening subjects for par­

ticipation in the pupillometric assessment. A 20/20 level 

of vi sual acuity was considered necessary in order to 

eliminate variation in pupil changes due to vision 

p roblems . 

The eye test involved the use of the Snellan 

Letter Chart which was brightly illuminated with no reflec­

tions . The chart was placed at eye level exactly 20 feet 

from the person be ing t e sted. Tests were made on both 

eye s of each prospective participant by holding a card 

first over one eye and then over the other, and asking the 

participant to identify the letters of the c har t in rela ­

tion to the rows on the chart . Only those persons who, 

according to the test , had a 20/20 visua l acuity were 

selecte d as participants f or the study . 

Skin s e nsitivity tests involved the placement of a 

2 . 5 cm . 2 swatch of e ach of the test fab rics randomly on 
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the interior surface of either arm of the prospective par­

ticipant. The swatches, which were covered with adhesive 

patches, were allowed to remain on each participant for 

24 hours. At the end of the 24-hour period the patches 

were removed and the skin was examined for irritation. If 

no irritation occurred, the person was considered to be a 

possible participant. 

As a result of the screening process 17 female and 

15 male volunteers were selected to participate in testing 

the experimental textile products by pupillary, skin con­

du ctance, and personal opinion responses. All of the sub­

ject s met the participant selection criteria. 

Description of Instruments and Procedures 

The following instruments and procedures were used 

in measuring the consumer acceptance of the experimental 

garments and swatches: (1) pupillometric recording appa­

ratus , (2) pupillometric measur ement apparatus, (3) skin 

conductance apparatus, (4) scale for subjectively rating 

acceptability of shirt fabrics , (5) rese arch team, 

(6) instruction of subjects , and (7) sequence of testing. 

P pil lometric Recording Apparatus 

Pupil l o etric changes were recorded b y means of a 

16 mm - lP recording camera system designed and manufac t ure d 

by Photosonics , Inc . of Burbank , California (figure 2) . 



RUNOUT SWITCH-~ 

MAGAZI IE LATCHING PIN 

INSPECTION PORT---+---~-

GAZINE LATCH KNOB 

Fig. 2. Pupil recording apparatus. 
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The camera was placed on an adjustable, heavy-duty tripod. 

A 28 rnm lens with a 5 rom extender was attached to it for 

focusing to within two and one-half inches of each sub­

j ect's eye. 

A standard opthamologist's headrest with adjust­

able chin rest was positioned on a stand in front of the 

camera len s. The camera and headrest were adjustable for 

difference s in physical statue of the participants. 

Necessary illumination for photographing the right 

eye of each participant was provided by a high intensity 

lamp placed seven inches from the eye. Light intensity 

was maintained at a constant level with careful attention 

given to prohibiting the light from shining directly into 

the participant's eye. 

The pho tographic film was exposed at the rate of 

24 frames per second for a 10 second period before stimu­

lus and for a 10 second period during stimulus. The 

sequence was identical fo r both the swatches and the ga r­

ments constructed from the experiment a l fabrics. 

Pupillometric Measurement Apparatus 

After commercial proc essing , the 16 mm film was 

placed on the film transport of a Vanguard Motion Analyzer 

(figure 3) and projected on the illuminated screen of the 

instrument for measurement (fi ure 4) . Using X/Y 
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Vanguard Motion Analyzer. 
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coordinates, the diameter of the pupil was measured 

digitally to one-thousandth of an inch. 
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The analyzer was set to automatically project 

every sixth frame which allowed measurements of four frames 

for each second of filming. Measurements before and after 

stimulus were calculated and the difference between these 

measurements were recorded as changes in the pupil due to 

stimulation. 

Skin Conductance Apparatus 

A R-511 Beckman Dynograph with a Type 9844 Skin 

Conductance Coupler (figure 5) and Beckman silver/silver 

chloride three-wire electrodes were used to measure the 

skin conductance level and skin conductance response of 

the partic ipants to the experimental garments and fabrics. 

Electrodes were placed on the palm of each participant's 

ri g ht hand for conditioning 30 minutes before the test 

(figure 6) . 

The measure for the basal skin conductance response 

was in conductance units (micromhos ). The skin conducta nce 

amplitude was the measure used for skin conductance 

response . 
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Fig . Photograph of film projected for measurement . 
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Fig. 5. Skin conductance recording apparatus 

Fig . 6 . Placement of electrodes on subject ' s palm 



Scale for Rating Accept­
ability of Shirt Fabr1cs 

An instrument to measure the acceptability of 

shirt fabrics by personal opinion was designed for the 
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subjective aspect of this research. A document developed 

by Dr. Taylor of the Menninger Foundation (68) was used as 

a guide in the construction of the rating scale. Twenty-

five persons were interviewed as a means of collecting 

statements that indicated all aspects of fabric comfort 

from most comfortable to least comfortable. 

Six judges, with similar education and socio-

economic background as that of the prospective partici-

pants , were then selected to rank-order the examples. 

The se results were calculated statistically to test for 

interjudge reliability and mean rank stability. From this 

set of examples the range of ranks was determined, clusters 

were formed, and the final selection of the most appropri-

ate statements for each part of the scale was determined. 

The five - part scale , which placed the terms in order from 

most acceptable to least a cceptab l e is shown in figure 7. 

Research Team 

A research team of five individuals was required 

to collect the data . The team members were selected , time 

schedules were arranged , and training for the particular 



Most acceptable overall; the fabric 
exhibits a feeling of softness, 
smoothness, and is soothing and of 
a pleasant weight 

Above average acceptability; the 
fabric exhibits a firm, pliable, 
non-clingy feeling and is of a 
pleasant weight 

Average acce p tability; the fabric 
exhibits neither pleasant nor 
unpleasant sensations 

Be low average acceptability; the 
f a bric exhibits feelings of clingi­
n e ss; is sl ightly rough, clammy, 
and bulky 

Least acce p tab l e o verall; the fabric 
is extremely st i f f , scratchy, irri­
tating , r ough , and ha rsh to the s kin 
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Most Acceptable 

5 

4 

3 

2 

1 

Le ast Acc ep t a b le 

Fig . 7 . Scale for ra t i ng acc ep t a b i lity of shirt 
fabrics . 
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duty of each member of the research team was conducted. 

The five team members were given the following responsi­

bilities: (l) a member of the team, by means of a stop 

watch, recorded the time, projected the time markings on 

the skin conductance graph, signaled the starting and 

stopping of the camera, and indicated the time and expo­

sure for the placement of the garments on the participant; 

(2) a member of the team was responsible for the focusing, 

loading, and operation of the camera including the indi­

cation of the subject number and the specific garment or 

swatch used; (3) a member was responsible for the cali­

bration of the dynograph between subjects, determination 

o f the basal reading for each garment and swatch for each 

s u b ject, and for monitoring the data recorded by the skin 

conductance equipment; (4) a member was responsible for 

dete rmining the counterbalancing sequence for the gar­

ments and swatches, and applying the garments to the body 

of the part i cipant; and (5) another member assisted in the 

application of the garment to insure speed and accuracy of 

placement, a nd was r e s ponsible for the placement of the 

appropriate swatch in the participant's left hand for the 

pa rt of the test involvi ng t a ctile sti mul a tion. 
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Instruction of Subjects 

In order to insure similar thought processes dur­

ing the stimulation periods, each participant was told 

that various fabrics made into shirt-like garments would 

be placed around the upper body in order for the partici­

pant to determine how the fabrics felt on the skin. The 

participant was also told that he or she would be given a 

fabric swatch to be used for tactile stimulation. Sub­

jects were asked to concentrate on the comfort and suit­

ability of the fabrics for a shirt. 

Sequ enc e of Testing 

Pupillometric and skin conductance measurements of 

t he acce ptance of the experimental garments by the partici­

pants were made simultaneously in a test chamber selected 

t o mai ntain constant light, noise control, temperature, 

and humidity . The use of one-way mirrored glass control­

led i nte rrup tions by movements of the team of 

investigators. 

Thirty minutes be fore e ntering the t e st chambe r, 

electrodes t o be us ed in the skin conductance t e st were 

placed on the palm of eac h participant ' s r i ght h and f or 

conditioning . Techniques involved and information to be 

gained from the experiment were explained to the partici ­

pant at this time . Each participant signed a consent 



form, was given a number, and was then categorized as to 

sex, age, and body temperature. 
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Each subject entered the test chamber and was 

seated in front of the pupillometric apparatus. Any 

necessary adjustments were made in the heights of the 

headrest and the camera, and the participant was asked to 

fixate his or her eyes on a given point in order to con­

trol pupil changes due to differences in fixation points. 

Additionally, the subject was told to remain as motionless 

as possible and that no further communication would be 

made between the investigators and the subject as this 

woul d affect the responses of the participant. The camera 

was focused, the boresite removed, and the film magazine 

was inserted (figure 8). In order to refrain from dis­

t racting the subject, the camera was then operated by re­

mote control from a position behind the subject. 

Af te r calibration, the dynograph was hooked to the 

electrodes on the p a lm of the participant's hand 

(figure 9 ) . Be fo re the introduction of each garment, the 

eye was photogr aph e d at rest for 10 seconds. During 

stimulation by t he g arment, the eye was aga in photographed 

for another 10 sec ond s . One minute i nte r vals be fo re a nd 

afte r the introduction of each garment were recorde d on 

the skin conductance graph . This p rocess was r e pea ted fo r 
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Fi g . 8. Subject positioned for pupillornetric assessment 

Fig . 9 . Sub ject conne c ted to skin conductance apparatus 
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all five garment specimens, and again for all five fabric 

swatches. 

In order to counteract the habituation effect, 

which research has indicated diminishes in intensity with 

time for both the pupil response and the galvanic skin 

response, the order of presentation of the experimental 

fabrics was counterbalanced according to a 5 x 5 Latin 

Square layout (5). This insured that each fabric was 

presented in each sequential position the same number of 

times. 

After the pupillometric and skin conductance 

assessments of the experimental garments and swatches were 

made , participants were disconnected from the skin conduc­

tan c e electrodes and moved to another room where they were 

asked to rate the fabrics subjectively regarding their 

acceptability as shirts. For this test the participant 

was seated at a table with a screen behind which a member 

of the r esearch team handed the participant the experi ­

mental fabrics one at a time . The participant was asked 

to feel the fabric with the fingers , rub it between the 

hands , and pull it over the arm . After this tactile stim-

ulation , the participant was asked to rate the fabric on 

a scale from one to five according to the scale shown in 

figure 7 . At no time during the pupillometric, skin 
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conductance, and subjective questioning processes was the 

participant allowed to view the fabric. 

Data Evaluation Processes 

Pupillometric data were measured on the Vanguard 

Motion Analyzer. The calculation of means involved using 

the last 10 control frames before stimulation and the 

first 10 frames during stimulation. Hess and Polt (26) 

had found that the pupil reached a maximum dimension 

i mmediately upon stimulation and then reverted back to 

p r e -stimulus dimensions. 

To determine differences in the acceptance of the 

garments and swatches as indicated by the skin conductance 

t es t, the following procedure was used: (1) Millimeters 

f r om the baseline on the skin conductance graph were 

c a lcul a ted and multiplied by the calibration conversion 

uni t which was obtained by dividing micromhos (amount) by 

millime t e rs (distance ). (2) The calibrated millimeter was 

then added to the b a s e line r e ading obtained from the 

original reading t aken whe n the basal s kin conductance 

response was recorded f or eac h indiv idual. (3) The last 

one - half second before s t i mulation was use d for the con­

trol while the highest peak during t he 10 sec o nd s o f 

st imulus was used to determine the amount of change . A 

t yp ica l s k in conductance graph is shown in figure 10 . 
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The evaluation of data from the subjective opinion 

scale involved a five point rating scale that ranked the 

acceptance of the experimental fabrics from the most 

acceptable to the least acceptable as follows: 

5 = excellent acceptability 

4 = good acceptability 

3 = fair acceptability 

2 = poor acceptability 

l = not acceptable 

- - ----- ---- - - ---- - -----·-- - - ----= 
BECKN -·.N INSTRU MeNTS INC., SC HILLER PARK, ILL. rl\ 1 iTED 1~ 1 U.S.A. 

Fig . 10 . A typical skin conductance graph 
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Analysis of Data 

Data were analyzed using the BMDP-2V computer pro­

gram by means of an analysis of covariance with repeated 

measures procedure for the pupillometric and skin conduc­

tance information. Computations involved two repeated 

factors (body area stimulated and type of fabric) and one 

grouping factor (sex). Covariate analysis was used to 

equate the groups with the pre-stimulus means serving as 

the covariate or control. 

Analysis for subjective assessment was computed 

using an analysis of variance with repeated measures. 

The data involved a two-factor mixed design with one 

grouping factor (sex) using repeated measures on fabric 

type. 

Comparisons of the dependent variables were com­

puted on the SPSS statistical program using the Pearson 

product-moment correlation coefficient. The dependent 

variables were the pupillometric, skin conductance, and 

subjective responses. 



CHAPTER IV 

PRESENTATION OF DATA AND DISCUSSION 

OF FINDINGS 

The acceptance of intimately blended wool-cotton 

fabrics for shirts by male and female consumers, on the 

basis of responses to differences in fiber content, 

fiber length, and yarn type were measured by pupilla­

metric and skin conductance assessments through two body 

receptors: fingertips and upper body. A subjective 

scale was utilized to provide personal opinion responses 

to acceptance of the fabrics for shirt-like garments by 

the participants. 

Results of the data analyses are presented under 

the following major headings: pupillornetric assessment, 

skin conductance assessment, and subjective assessment. 

In each category analysis of responses to fiber content, 

fiber length , yarn type , area of body stimulated , and 

differences in male - female r esponse s are reported. 

Tables 2 through 28 contain the pool ed adjusted means for 

all participants as well as for male and femal e responses 

to fiber content , fibe r l e ngth, and yarn type according 

to body area stimulated by the experimental fabrics . 
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Graphical illustrations of these means are found in 

figures 11 through 28. Results of data analyses of co­

variance and analyses of variance also are included in the 

above tables. 

Comparisons of pupillometric, skin conductance, 

and subjective assessments as methods of measuring con­

sumer acceptance were analyzed by means of the Pearson 

Correlation Coefficients. Results of these comparisons 

are shown in tables 29 through 31. 

Pupillometric Assessment 

Pupillometric data were obtained by photographing 

the pupil of the right eye of each participant for 10 sec­

onds before and 10 seconds after stimulation by cape-like 

garments and flat fabric swatches. Results of the 

analyses are based on the mean score of the last 10 frames 

photographed before stimulation and the mean score of the 

first 10 frames photographed after stimulation. These 

mea surements are presented in the Appendix in tables 32 

through 37 and are referred to as pre-test and during-test 

scores . 

Due to technical problems involving filming or 

film p roc e ssing, data from six of the 32 part icipants were 

not included in the analyses . A total of 5 , 200 measure ­

ments of pupil diameter , 200 for each of 26 subjects, was 



used in determining the effect of fiber content, fiber 

length, and yarn type on pupil size. 

Pupillometric Responses 
to Fiber Content 
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As shown by the mean data represented in table 2, 

when the upper body was sensitized with the shirt-like 

garments, pupillometric response was greatest (.840 

inches) for the 55/45 wool -cotton followed by the 25/75 

wool-cotton garment (.832 inches). Fingertip evaluation 

of fiber content, however, ranged from .856 inches for 

the 40/60 wool-cotton to .829 inches for the 55/45 wool-

cotton swatch. From an overall point of view the upper 

body evaluation indicated more response to the experi-

mental fabrics containing the highest percentage of wool 

but when finger sensitivity was involved the 40/60 caused 

the greatest response. This information is presented 

graphically in figure 11. 

A comparison of male and female responses to fiber 

content (table 3) showed that, after adjustments for dif-

ferences between groups , female pupil size responses were 

consistently lower than thos e of the males for both upper 

body and fingertip areas of stimulation (see figure 12) . 

Pupil dilation of the ma l e participant , as a result of 

upper body stimulation by the experimental garments , 

gradually increased according to the amount of wool 



TABLE 2 

ADJUSTED MEANS FOR PUPILLOMETRIC RESPONSES 
OF ALL PARTICIPANTS TO FIBER CONTENT 

ACCORDING TO BODY AREA STIMULATED 

Mean Pupil Size (inches)* 

Fiber Content 
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Upper Body Fingertips 

55 /4 5 Wool-Cotton .840 

40/60 Wool-Cotton .828 

25 / 75 Wool-Cotton .832 

*Pupil size as indicated by the Vanguard Motion 
Analyzer . 

TABLE 3 

ADJUSTED MEANS FOR MALE AND FEMALE PUPILLOMETRIC 
RESPONSES TO FIBER CONTENT ACCORDING TO 

BODY AREA STIMULATED 

Mean Pupil Size (inches)* 

.829 

.856 

.837 

Body 
Area 

Stimulated 
55/45 

Wool-Cotton 
40/60 

Wool-Cotton 
25/75 

Wool-Cotton 

Male Female Male Female Ma le Female 

Upper Body . 85 7 . 827 .8 54 . 807 .84 5 

Fingertips . 840 . 820 . 863 . 849 .845 

*Pupil size as indicated by the Vanguard Motion 
Analyzer . 

. 8 21 
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Fiber Content 

Fi g . 11 . Adjusted means for pup illometric 
res pons e s of a ll participants to fiber content accord -
ing to body area stimulated . 
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Key : fJII!I!flllllfiiiiJ male, upper body 

female, upper body 

55/45 
Wool - Cotton 

~- ................ I r= ·: ·: ·:. :·:·:. :·: ·: ·:. :-:·:·:·:·:. 

I~ ,_ male, fingertips 

female, fingertips 

4 0/6 0 
Woo l - Cotton 

Fiber Content 

25/75 
Woo l - Co tton 

Fi g . 12 . Adjusted means for male and female pupil ­
lome tr i c r espon s es to fiber content according to body 
a r ea s i mul a ted . 
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contained in the blend (.845 for the 25/75 wool-cotton, 

.854 for the 40/60 wool-cotton, and .857 for the 55/45 

wool-cotton blend) . Upper body stimulation of females by 

the experimental garments also elicited the greatest dila­

tion for the 55/45 wool-cotton fabric (.827), but gave the 

least dilation response (.807) to the 40/60 wool-cotton 

blend. 

According to Cotbman (8) when fibers are combined 

and blended, the properties of individual fibers are also 

combined, although modified. Wool fibers are known to 

have warmth, absorbency, body and hand, while softness, 

strength , and absorbency are attributed to cotton. In 

addition , wool is known to have a scale-like outer portion 

that causes irri tation to some skins. As the percentage 

of cotton increases in the blend, it is reasonable to 

assume that the fabrics would become softer and less irri­

tating to the skin . This pattern was observed to some 

extent in the upper body responses but did not hold true 

for fingertip stimulation . 

According to the resul ts of the analysis of co­

variance for repeated measures , fiber content d id not 

significantly affect the pupillometric responses o f the 

participants with re gard to either upper body or fingertip 

s imulation . Specific information concerning the analysis 

of covariance results may be observed in table 4. 
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Pupillometric Responses 
to Fiber Length 

72 

The range of pupillometric values for the partici-

pants' responses to fiber length from upper body stimula-

tion were from .843 inches for short wool fibers to .840 

inches for the longer fibers according to an observation 

of the mean pupi l size presented in table 5. An opposite 

pattern occurred in the responses to fingertip stimula-

tion . More dilation was exhibited for the long wool 

fibers (.835) than f or the short wool fibers (.832). 

Pupil dilation response from stimulation by the upper body 

was greater than that resulting from fingertip stimulation 

(see figure 13) . 

Adjusted mean s f or male and female pupillornetric 

responses in regard to fibe r length are shown in table 6. 

Similar patterns were evident for each sex with responses 

associated with the short fibers being somewhat greater 

than the res pon ses to the long fibers as shown graphically 

in figure 14 . An exception , however, was the greater 

response shown by males to fingertip stimulation when ex-

po sed to the long woo l fibers . 

Gawne and Oe rke (18) indicated that shorter wool 

fibers t is~ed together are soft and fuzzy while longer 

yarns r es lt ·n firm - textured , smoother fabrics . Results 

of the pupilla etric responses in this investigation would 



TABLE 5 

ADJUSTED MEANS FOR PUPILLOMETRIC RESPONSES 
OF ALL PARTICIPANTS TO FIBER LENGTH 

ACCORDING TO BODY AREA STIMULATED 

Mean Pupil Size (inches)* 

Fiber Length 

73 

Upper Body Fingertips 

1.71 inches (wool) .843 

3.38 inches (wool) .840 

*Pupil size as indicated by the Vanguard Motion 
Analyzer. 

TABLE 6 

ADJUSTED MEANS FOR MALE AND FEMALE PUPILLOMETRIC 
RESPONSES TO FIBER LENGTH ACCORDING TO 

BODY AREA STIMULATED 

Mean Pupil Size (inches)* 

.832 

.835 

Body 
Area 

Stimulated 
1.71 inches 3.38 inches 

Male Female Male 

Uppe r Body . 85 7 .827 .855 

Finge r tips . 840 .82 0 .852 

*Pupil size as i nd i ca ted by the Vangu a rd Motion 
Analy z e r . 

Female 

.822 

.816 
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Fig . 13 . Adjusted means for pupil lometric 
responses of all participants to fiber length according 
to body area stimulated . 

74 



,........, 

·ri 

Key: n 111111 I I I I I I I I 0 
[• ............. ~~ ·:. :·:·:·:·:.:.: ·:·:.:.: ·: ·: ·:·:·: 

~~ 
!WNW 

male, upper body 

female, upper body 

male, fingertips 

female, fingertips 

75 

~ . 83 
~ 

1. 71 inches 3 . 38 inches 

Fiber Length 

Fig . 14 . Adjusted means for male and fema l e pupil ­
l ome tric responses to fiber length according to body 

area stimul a ted . 
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indicate that the soft, fuzzy, shorter fibers stimulated 

the upper body to a greater degree than did the long wool 

fibers. 

Results of the analysis of covariance with re-

peated measures indicated that no significant effect was 

exerted by the use of the upper body or the fingertips as 

the body area stimulated by the experimental fabrics, or 

by the use of short or long wool fibers. The interaction 

effect of the body area used as the receptor of the fabric 

stimuli and the length of the fiber was also non-

significant. Table 7 gives results concerning the analy-

sis of covariance for pupillometric response to fiber 

length. 

Pupi llometric Responses 
to Type of Yarn 

The fabrics composed of open-end spun yarns 

el icited more pupil dilation than those from ring spun 

ya rns when the upper body was stimulated by fabrics con-

tain ing yarns made by the two spinning methods. Stimula-

tion of the fingers by ring spun yarns, however , evoked 

an even greate r response as shown in table 8 and 

figure 15 . The area of the body use d for stimulation was 

not a factor when ope n- e nd spun yarns were involved a s the 

pupil response was the same for both areas of 
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stimulation (.837). When mean pupil sizes for both upper 

body and fingertip stimulation were averaged, similar mea­

sures were found for each body area stimulated. 

When the adjusted means of male and female pupil­

lometric responses were compared, females showed less 

response than males in regard to the body area stimulated 

and the type of yarn used in the test fabrics. The 

greatest response (.863 inches) was displayed by males 

using fingertips to evaluate the ring spun yarns, while 

the least response was evident in the reaction of the 

females ' upper body to fabrics containing ring spun yarns 

(see table 9). The fingertips of the female participants 

appeared to be more sensitive indicators of stimulus sen­

sation than did the upper body, especially in the case of 

ring spun yarns. Male sensitivity, however, also was 

greatest for the fingertips when ring spun yarns were 

used , and for the upper body when open-end spun yarns were 

tested . These results are presented graphically in 

figure 16 . 

McKinney and Broome (48) and Schumann (62) allude 

to a harsher and rougher hand for open-end spun yarns. As 

may be expected then , more reaction would result from the 

open - end yarn fabrics , but this was the case only for 

fe ale upper body stimulation . Ring spun yarns elicited 



TABLE 8 

ADJUSTED MEANS FOR PUPILLOMETRIC RESPONSES 
OF ALL PARTICIPANTS TO TYPE OF YARN 

ACCORDING TO BODY AREA STIMULATED 

79 

Mean Pupil Size (inches)* 

Yarn Type 
Upper Body Fingertips 

Ring Spun .825 

Open-end Spun .837 

*Pupil size as indicated by the Vanguard Motion 
Analyzer. 

TABLE 9 

ADJUSTED MEANS FOR MALE AND FEMALE PUPILLOMETRIC 
RESPONSES TO YARN TYPE ACCORDING TO 

BODY AREA STIMULATED 

Mean Pupil Size (inches)* 

.854 

.837 

Body 
Area 

Stimulated 

Ring Spun Yarns 
Open-end Spun 

Yarns 

Male Female Male 

Upper Body .8 54 .807 .847 

Fingertips . 863 .849 .843 

*Pupil size as indicated by the Vanguard Motion 
Analyzer . 

Female 

.8 35 

.836 
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Open- end Spun 

Yarn Type 
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Fig . 15 . Adjusted means f or pupillometr ic 
responses of all participants to type of yarn according 
to body area stimulated . 



. 
c 

·r-i 

(]) 
N 

· r-i 
U) 

81 
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~ male, fingerti p s 

~ female, fin gertip s 

Ring Spun Ope n - end Spun 

Yarn Type 

Fig . 16 . Adjusted means for male and female pupil ­
lometric res _onses to yarn type according to bod area 
stimulated . 
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more reaction for both male upper body and fingertip stimu­

lation and for female fingertip stimulation. 

According to results of the analysis of covariance, 

a s tabulated in table 10, there was no significant effect 

for the body area stimulated or for the type of yarn used 

in the experimental fabrics. The interaction effect of 

the area of the body stimulated and the type of yarn used, 

however , was highly significant at the a = 0.01 level. 

Skin Conductance Assessment 

Skin conductance data were obtained by measuring 

responses of the part i cipants to the experimental garments 

and swatches through the relativ e activity between two 

electrode/electrolyte junctions located on the palm of 

each participant's right hand . Measurements were made 

with a dynograph and the amount o f skin conductance 

response was recorded in micromho units. Analyses we re 

based on changes between the last one-half second before 

stimulation and the highest peak during the 10-second 

st imulus pe r iod . The means of these pre-test a nd du r ing 

test measurements for each participant are fo und in the 

Appe ndix in tables 38 through 43 . 

A total of 640 measurements from the 32 partici­

pan ts was use d to determine skin conductance change in 

response to the fiber content , fiber leng th, and yarn type 
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of the experimental fabrics. Mean data of the skin con-

ductance responses according to fiber content, fiber 

length, and yarn type are presented in tables 11, 14, and 

17. Illustrative displays in the form of bar graphs are 

also included (see figures 17, 19, and 21). This infor-

mation embodies a combination of both male and female 

responses that were analyzed, in addition, to determine 

differences between sexes. These are shown in tabular 

form (tables 12, 15, and 18) and graphically in figures 18, 

20, and 22. Results of the analysis of covariance can be 

found in tables 13, 16, and 19. 

Skin Conductance Responses 
to Fiber Content 

Table 11 presents the adjusted mean skin conduc-

t a nce measurements for both male and female participants 

in relation to fiber content and body area stimulated. 

The u ppe r body area responded to a greater extent (12.389 

micromhos) to t he 55 /4 5 wool-cotton ble nd while the least 

r esponse (12 .1 36 micromhos) was caused by the 40/60 wool-

cotton fabric . Fingertip response, however, was greatest 

for the 40/60 wool - cotton blend and least for the fabric 

with the smallest amount of wool (25 percent) . Compari-

sons of body areas with r egard to skin conductance response 

for the combined data of t h e male and fema l e participants 

revealed similar reactions to both upper body and finger tip 
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stimulation for the fabric specimens with the highest wool 

content (55 percent) . These comparisons are presented in 

the graph shown in figure 17. Important differences were 

evident between responses which resulted from stimulation 

to the upper body and to the fingertips by the 40/60 wool-

cotton fabric. The fingertips appeared to be more highly 

s ensitive to the 40/60 wool-cotton blend while the upper 

body was slightly more sensitive to the e x perimental 

fabric with the lowest wool content (25 percent). 

When comparing skin conductance responses of males 

and female s to fiber content, the highest amplitudes 

recorded (12 .8 micromhos) wer e in response to fingertip 

stimulation of males by the 40/60 wool-cotton fabric and 

to fingertip stimulation of females by the 55/45 wool­

cotton blend (see table 12). React i ons from stimulation 

by the 25/75 wool -cotton fabric resulted in similar 

responses for both fingertip and u pper body stimulation by 

males (12 . 1 micromhos) and by females (12.4 micromhos). 

Table 13 depicts the results of the analysis of 

covariance with repeated measures for skin conductance 

r esponse to fiber content . No significant effect was 

noted for the area of body stimulated , the fiber content, 

or the interaction between the area of body stimulated 

and the fibe r content . 



TABLE 11 

ADJUSTED MEANS FOR SKIN CONDUCTANCE RESPONSES 
OF ALL PARTICIPANTS TO FIBER CONTENT 

ACCORDING TO BODY AREA STIMULATED 

Fiber Content 

Skin Conductance Response 
(micromhos) 

86 

Upper Body Fingertips 

55/45 Wool -Cotton 12.389 

40/60 Wool -Cotton 12.136 

25/75 Wool-Cotton 12.151 

TABLE 12 

ADJUSTED MEANS FOR MALE AND FEMALE SKIN 
CONDUCTANCE RESPONSES TO FIBER CONTENT 

ACCORDING TO BODY AREA STIMULATED 

Skin Conductance Response 
(micromhos) 

Body 
Area 55/45 40/60 

12.421 

12.598 

12.131 

25/75 
Stimulated Wool-Cotton Wool -Cotton Wool-Cotton 

Male Female Male Female Male Female 

Uppe r Body 12 . 7 12 . 3 12 . 3 12.2 12.1 12.4 

Fingerti ps 12 .2 12 . 8 12 . 8 12 . 6 12.1 12 . 4 
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Fig . 17 . Adjusted means for skin conductance 
responses of all participants to fiber content accord-
ing to body area stimulated . 
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Skin Conductance Responses 
to Fiber Length 

The adjusted mean skin conductance responses in 

relation to fiber length and body area stimulated are 

shown in table 14. The greatest amount of participant 

response (12.633 micromhos) appeared to be the result of 

90 

the fingertip stimulation by the short (1.71 inches) wool 

fibers. The upper body stimulation by these short fibers 

provided similar (12.606 micromhos) results. Fingertip 

stimulation by the fabric containing the long wool fibers 

(3 .38 inches) produced a higher amplitude (12.479 micro-

mhos) than was produced by the upper body stimulation 

(12 .28 3 micromhos ) as shown graphically in figure 19. 

The adjusted means associated with male and female 

skin conductance response s to fiber length according to 

body area stimulated is given in table 15. Observation of 

table 15 and figure 20 reveals that the greatest values 

were in r esponse to the short fibers. Responses of the 

two sexes were very similar when the uppe r body was sensi-

tized by means of the fabrics with the longer wool fibers 

( 3 . 3 8 inches) . Females responded to both fiber lengths to 

a greater extent than did males when fingertips were 

stimulated . 

Results of an analysis of covariance with repeated 

measures for skin conductance response to fi ber l ength, as 
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the fingertip stimulation by the short (1.71 inches) wool 

fibers . The upper body stimulation by these short fibers 
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stimulat ion by the fabric containing the long wool fibers 

(3 .3 8 inches) produced a higher amplitude (12.479 micro-

mhos) than was produced by the u pper body stimulation 

(12 . 283 micromhos) as shown graphically in figure 19. 

The ad justed means associate d with male and female 

skin conductance responses to fiber length according to 

body area stimulated is given in table 15. Observation of 

table 15 and figure 20 reveals that the greatest values 

were in response to the short fibers . Responses of the 
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tized by means of the fabrics with the longer wool fibers 

( 3 . 3 8 inches) . Females responded to both fibe r l engths to 

a greater extent than did males when fingertips were 
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mea sures for skin conductance response to fiber length , as 



TABLE 14 

ADJUSTED MEANS FOR SKIN CONDUCTANCE RESPONSES 
OF ALL PARTICIPANTS TO FIBER LENGTH 

ACCORDING TO _BODY AREA STIMULATED 

Fiber Length 

Skin Conductance Response 
(micromho s) 

91 

Upper Body Fingertips 

1 . 71 inche s (wool) 12.606 12.633 

3 . 38 inches (wool) 12.283 12.479 

TABLE 15 

ADJU STE D MEANS FOR MALE AND FEMALE SKIN CONDUCTANCE 
RESPONSE S TO FIBER LENGTH ACCORDING TO 

Body 
Ar ea 

Stimulated 

ppe r Body 

Fingerti ps 

BODY AREA STIMULATED 

Skin Conductance Response 
(micromhos) 

1.71 inches 3.38 inches 

Male Female Male Female 

12 . 731 12 .29 3 12.155 12.195 

12 . 247 12.802 12 . 286 12.494 
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shown in table 16, revealed no significant effects. This 

finding indicates that use of the upper body is not differ-

ent from that of the fingertips in predicting acceptance of 

fabrics based on the length of fibers used in yarn con-

struction as measured by the electrodermal activity of the 

skin. 

Skin Conductance Responses 
to Type of Yarn 

The adjusted mean skin conductance measurements in 

relation to type of yarn and body area stimulated are 

shown in table 17. The fingertips displayed a greater 

sensitivity to both ring and open-end spun yarns than did 

the upper body. When the responses to the two types of 

yarn were compared as to upper body and fingertip stimula-

tion , ring spun yarns e licited more response than did the 

open- end spun yarns (see figure 21). 

Comparisons between the adjusted means for male 

and female skin conductance responses to type of yarn 

according to body area stimulated are shown in table 18. 

The greatest skin response was attributed to fingertip 

stimulation of males by the ring spun yarns, while the 

least was associa t ed with male fingertip stimulation by 

the open- end spun yarns . The graph displayed i n figure 22 

indicates that overall the ring spun yarns elicite d a 

greate r degree of resp:mse than did the open- e nd spun yarns . 
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TABLE 17 

ADJUSTED MEANS FOR SKIN CONDUCTANCE RESPONSES 
OF ALL PARTICIPANTS TO TYPE OF YARN 

ACCORDING TO BODY AREA STIMULATED 

Yarn Type 

Ring Spun 

Open -end Spun 

Skin Conductance Response 
(micromhos) 

Upper Body Fingertips 

12.184 12.635 

12.074 12.167 

TABLE 18 

ADJUSTED MEANS FOR MALE AND FEMALE SKIN CONDUCTANCE 
RESPONSES TO TYPE OF YARN ACCORDING TO 

Body 
Area 

Stimulated 

Upper Body 

Fingertips 

BODY AREA STIMULATED 

Skin Conductance Response 
(micromhos) 

Ring Spun Yarns 

Male Female 

12.280 12.211 

12 . 835 12.616 

Open-end Spun 
Yarns 

Male Female 

12.219 12.062 

11.968 12.515 
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When an analysis of covariance with repeated mea­

sures was used to test for significant effects of areas of 

body stimulated and types of yarn on the skin conductances 

responses, the information in table 19 resulted. These 

results revealed no significant effects on skin responses 

at the a = 0.05 level in regard to the area of body stimu­

lated, the type of yarn used, or the interaction between 

area of body stimulated and type of yarn. 

Subjective Assessment 

Subjective data were obtained from the participants 

who rated the acceptability of the experimental fabrics for 

a shirt according to the scale shown in figure 7. As the 

test fabrics , rep resenting differences in fiber content, 

fiber length, and type of yarn were presented to each par­

ticipant a screen was used to prevent the participant from 

viewing the specimens . After being asked to feel the 

fabric with the fingers, to rub it between the palms, and 

to pull it over the arms, participants ranked the experi­

mental fabrics according to the following scale: 

5 = most acceptable 

4 = above average acceptability 

3 = average acceptability 

2 = below average acceptability 

1 = not acceptable 
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Mean subjective ratings for each fabric type by 

each participant are found in tables 44, 45, and 46 in the 

Appendix. Tables 20, 23, and 26 of the text depict the 

mean sub j ective scores representative of the effects of 

fiber content, fiber length, and type of yarn, respec-

tively, while tables 21, 24, and 27 show a comparison of 

the male and female subjective responses related to these 

fab r i c t ypes. The mean data, displayed graphically, for 

overall means and male-female comparisons are represented 

in figures 23 through 28. Results of the analysis of 

variance with repeated measures for subjective assessment 

of fiber content, fiber length, and type of yarn are found 

ln tables 22, 25, and 28. 

Subjective Responses 
to Flber Content 

The mean subjective assessment ratings associated 

with the fiber content o f the experimental fabrics are 

p resented in table 20. Thes e data show that the 25/75 

wool - cotton blend received a higher rating (3.593) than 

the 55/45 wool - cotton fabri c (3.500) indicating more 

acceptability by the participants . The lowes t personal 

opinion rating (3 . 125) was received by the 40/60 wool­

cotton fabric . These responses are displayed graphically 

ln figure 23 . 

The mean male and female subjective responses to 

fiber content are reported in table 21. These data show 



TABLE 20 

MEAN SUBJECTIVE RATINGS OF ALL PARTICIPANTS 
FOR FIBER CONTENT 

Fiber Content 

55 / 45 Wool-Cotton 

40 / 60 Wool-Cotton 

25 / 75 Wool-Cotton 

TABLE 21 

MEANS FOR MALE AND FEMALE SUBJECTIVE 
RATINGS FOR FIBER CONTENT 

Rating 

Fiber Content 

Male 

55/45 Wool - Cotton 3.267 

40/60 Wool - Cotton 3.000 

25/75 Wool - Cotton 3.666 

102 

Rating 

3.500 

3.125 

3.593 

Female 

3.705 

3.235 

3.529 
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that males gave higher ratings to the 25/75 wool-cotton 

specimens while females rated the 55/45 wool-cotton fabrics 

highest. Both groups gave the 40/60 wool-cotton blend the 

lowest rating. The relationships of males and female 

sub jective responses to fiber content are presented in 

figure 24 . 

Table 22 displays results of the analysis of 

variance with repeated measures for subjective assessment 

of fiber content. With an F-value of 2.50, these results 

approached significance with a probability of a = 0.09 

but failed to mea sure up to the a = 0.05 level set as the 

level of significance for this study. Fiber content, 

therefore, did not significantly affect the acceptability 

of the fabrics for shirts. 

Subjective Response s 
to Fiber Length 

Table 23 depicts the mean subjective responses of 

the part i cipants as to the acceptability of the fabric 

specime ns according to fiber length. As may be noted, the 

fabric containing the shorter wool fibers (1.71 inches) 

was mo r e acc eptable to the participants than the one with 

the longe r woo l f ibers (3.38 inches) . This information 

is shown in g raph form in figure 25 . 



Key:~ male 
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Fiber Content 

25/75 
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Fig . 24 . Means for male and female subjective 
ratings for fiber content . 
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Comparisons between male and female participants 

showed that female participants gave a substantially higher 

subjective rating to the short fibers, while the longer 

fibers were evaluated similarly by both groups. This in-

formation is shown numerically in table 24 and graphically 

in figure 26. 

Table 25 reveals results of the analysis of 

variance with repeated measures that shown an F-value of 

5 . 74 whic h is sign ificant at the a = 0.02 level. This 

indicates that when the scores resulting from male and 

female asses s men t were pooled and compared for each of the 

t wo fabrics repre sentative of fiber length, the shorter 

wool fibers (1.71 inches) were significantly more accept-

able than were the longer ones. 

Subjective Re s pon s e s 
to Type of Ya r n 

Ring s pun yarns with a mean rating of 3.125 as 

compared to 2.375 f or ope n-end spun yarns, were preferred 

by the participants as indicated in table 26 and figure 27. 

Table 27 shows tha t both males and females preferred the 

ring spun yarns over the ope n-end spun yarns with females 

showing greate r acceptability than males for both types 

of yarns (see figure 28) . 

The results of the analysis of variance with re-

peated mea sures shown in table 28 indicates that the 



TABLE 23 

MEAN SUBJECTIVE RATINGS OF ALL PARTICIPANTS 
FOR FIBER LENGTH 

Fiber Length 

1 .71 inches (wool) 

3 . 38 inches (wool) 

TABLE 24 

MEANS FOR MALE AND FEMALE SUBJECTIVE 
RATINGS FOR FIBER LENGTH 

Rating 

Fiber Length 
Male 

1 . 71 inches (wool) 3.267 

3 . 38 inches (wool) 3.067 
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Rating 

3.500 

3.030 

Female 

3.705 

3.000 
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TABLE 26 

MEAN SUBJECTIVE RATINGS OF ALL PARTICIPANTS 
FOR TYPE OF YARN 

Type of Yarn 

Ring Spun 

Open-end Spun 

TABLE 27 

MEANS FOR MALE AND FEMALE SUBJECTIVE 
RATINGS FOR TYPE OF YARN 

Rating 
Type of Yarn 

Male 

Ring Spun 3.000 

Open- end Spun 2.133 

112 

Rating 

3.125 

2.375 

Female 

3.235 

2.588 



Ring Spun Open - end Spun 

Yarn Type 

Fi . 27 . . eans for subjective ratings by all 
lar icipan s for type of y rn . 

113 



U) 

tJ"'l 
~ .,..., 

+J 
rd 
H 

Q) 

> .,..., 
+J 
u 
Q) 

·n 2 . 5 
..Q 
::::1 
U) 

Ring Spun 

Key: ~fmale 

~female 

Open - end Spun 

Yarn Type 

Fig . 28 . eans for male and female subjective 
ratings for type of yarn . 

114 



T
A

B
L

E
 

2
8

 

SU
M

M
A

RY
 

O
F 

A
N

A
L

Y
SI

S 
O

F 
V

A
R

IA
N

C
E

 
FO

R
 

S
U

B
JE

C
T

IV
E

 
A

SS
E

SS
M

E
N

T
 

FO
R

 
T

Y
PE

 
O

F 
Y

A
R

N
 

D
e
g

r
e
e
s
 

S
um

 
S

o
u

r
c

e 
o

f 
V
a
r
ia

ti
o

n 
o

f 
o

f 
M

e
a

n 
S

q
u

a
re

 
F

-R
a
ti

o
 

P
ro

b
a
b

il
it

y
 

F
re

e
do

m
 

S
q

u
a
re

s 

T
y

p
e 

o
f 

y
a
rn

 
1 

9
.0

0
0

 
9

.0
0

0 
1

4
.6

8
 

.0
0

1
*

 

E
rr

o
r 

3
1

 
1

9
.0

0
0

 
.6

1
3

 

*
S

ig
n
if

ic
a
n

t 
a
t 

a
=

 
0

.0
0

1
 
le

v
e
l.

 

1-
-' 

1-
-' 

lJ
l 



116 

subjective assessment showing acceptability of the type of 

yarn used in fabrics for shirts is highly significant at 

the a = 0. 001 level. This means that when all data for 

male and female participants were compared for each of the 

two fabrics representing different types of yarn, the ring 

spun yarns were significantly more acceptable than the 

open-end spun yarns. 

Correlation of Pupillometric, Skin Conductance, 
and Subjective Assessments 

The Pearson product-moment correlation analysis 

was performed to determine the degree of association among 

pupillometric , skin conductance, and subjective assess-

ments . Results of correlation analyses associated with 

fiber content, fiber length, and type of yarn are located 

in the Appendix in tables 47, 48, and 49. 

When pupillometric, skin conductance, and subjec-

tive responses were correlated with regard to fiber con-

t e nt , a signficant positive r e lationship was found 

( a = 0. 05) between the pupillometric and skin conductance 

me asures for both the 55/45 and 40 /6 0 wool-cotton bl e nds 

whe n the upper body was used as the stimulus receptor 

( t a ble 29). The re was, however, no significant correla-

tion be twee n p u pi llometric and skin conductance responses 

fo r t he 25/75 wool - cotton blend, when fingertips were 

used as the rece ptor , or when either pupillometric or 



TABLE 29 

CORRELATION COEFFICIENTS AMONG PUPILLOMETRIC, SKIN 
CONDUCTANCE, AND SUBJECTIVE ASSESSMENTS FOR FIBER 

CONTENT ACCORDING TO BODY AREA STIMULATED 

117 

Upper Body Fingertips 

Skin 
Conductance 

Subjective 

Skin 
Conductance 

Subjective 

Skin 
Conduc tance 

Subjecti e 

Pupil ­
lornetric 

0 . 3382* 

0 .1877 

0 . 3 595 * 

0 . 2996 

0 . 2362 

0 . 1 517 

*Si nificant at t he 

Variables Correlated 

Skin 
Conductance 

55/45 Wool-Cotton 

- 0 . 2179 

40/60 Wool-Cotton 

0 . 0138 

25/75 Wool - Cotton 

0 . 2154 

Pupil­
lornetric 

0 . 2655 

0 .1277 

0 . 2826 

0 . 0783 

0 .1 711 

0 . 1 960 

0 . 05 l e vel of robability . 

Skin 
Conductance 

-0.2438 

-0. 0227 

0 . 1 9 37 



118 

skin conductance assessment was correlated with subjective 

assessment. 

A correlation between pupillometric and skin con­

ductance measurements, significant at the a = 0.05 level, 

was found for upper body stimulation by the experimental 

fabrics containing the shorter wool fibers (1.71 inches) 

as noted in table 30. There were no significant correla­

tions evident for the pupillometric and skin conductance 

measures of the long wool fibers (3.38) or for pupil­

lometric and subjective ratings. Negative correlations 

were apparent for both upper body and fingertip responses 

when skin conductance responses were correlated with sub­

jective assessments. 

When pupillometric and skin conductance assess­

ments were compared in regard to type of yarn used in the 

test fabrics, a significant correlation ( a = 0. 05) was 

found for ring spun yarns when the upper body was the 

stimulus receptor but not for open-end spun yarns 

(table 31). In addition, no significant correlations were 

fou nd for either pupillometric or skin conductance mea­

surements when correlated with subjective assessment, or 

for correlations among any of the variables when finger­

tips were used as the area of the body stimulated . 

The significant correlations that occurred indi­

cated that a relationship existed between the two autonomic 



TABLE 30 

CORRELATION COEFFICIENTS AMONG PUPILLOMETRIC, SKIN 
CONDUCTANCE, AND SUBJECTIVE ASSESSMENTS FOR FIBER 

LENGTH ACCORDING TO BODY AREA STIMULATED 
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Upper Body Fingertips 

Skin 
Conductance 

Subjective 

Skin 
Conductance 

Subj e ctive 

Pup il­
lometric 

0 . 3382* 

0 .18 77 

0 . 2484 

0 . 171 7 

*Sign'f ' cant at the a 

Variables Correlated 

Skin 
Conductance 

1.71 inches (wool) 

- 0 .2179 

3.38 inches (wool) 

- 0 .2395 

Pupil­
lometric 

0 .2655 

0.1277 

0 .1994 

0.0304 

0 . 05 l e v e l of probability. 

Skin 
Conductance 

-0.2438 

-0.1867 



TABLE 31 

CORRELATION COEFFICIENTS AMONG PUPILLOMETRIC, SKIN 
CONDUCTANCE, AND SUBJECTIVE ASSESSMENTS FOR TYPE 

OF YARN ACCORDING TO BODY AREA STIMULATED 

120 

Upper Body Fingertips 

Variable s Correlated 

Pu p il- Skin Pupil- Skin 
l o me tric Conductance lome tric Conductance 

Rin g Sp un Yarns 

Skin 
Conductance 0 .3 595 * 0.2826 

Subjective 0 .108 3 0 . 0 138 0.07 8 3 -0.0227 

Open-e nd Spun Yarns 

Skin 
Conductance 0 .2819 0.2802 

Subj e ctive - 0 . 0384 - 0 .1 502 0.023 6 -0.1160 

*Significant at the a = 0 . 05 l e v e l o f pr obability . 
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variables, pupil and skin, when the upper body was used 

for stimulation by fabrics of various fiber content, fiber 

length, and type of yarn. Hess (24) initiated the theory 

that constriction of the pupil is characteristic of aver­

sive stimuli while dilation of the pupil is related to 

interesting or pleasant stimuli. This theory has been the 

subject of much debate. Loewenfeld (38), another histori­

cal figure in pupillometric research, has concluded that 

the pupil is made to dilate by all stimuli, a view that is 

supported by Woodmansee, Newsome, and Kirby (74) and by 

Peavler and McLaughlin (57). Similarly, there has been 

controversy and debate on the use of skin conductance as a 

useful tool in physiological research. However, Lykken 

(44) supported the applicability of electrodermal activity 

to the measurement of physiological and psychological 

stimulation although he admitted that the technique has 

been misused . Results of this investigation seem to 

support the theories that pupillometric and skin conduc­

tance responses are the result of different levels of 

stimulation . 

There appears to be no significant correlation, 

howeve r, between these physiological reactions to the 

e xpe r iment a l fabrics and the subjective ratings given by 

the participants according to a scale used to rate the 
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acceptability of the fabrics for shirts. These findings 

do not agree with those of Olsen (55) who found a relation-

ship between pupillornetric and subjective measurements. 

Hypotheses Testing Based on Results 
of this Investigation 

The following inferences have been derived from 

the results based on the hypotheses formulated for this 

investigation: 

Hypothesis 1 . Pupillary response in regard to 
consumer acceptance of wool­
cotton blends for shirts is not 
affected by the following fabric 
variables: 

a. Fiber content 
b. Fiber length 
c. Yarn type 

Results of the analysis of covariance with re-

peated measures for pupillornetric response to fiber con-

tent indicated that no significant effect was exerted by 

body area stimulated and the fiber content of the test 

specimens , the length of the fiber used in the experi -

mental fabrics , or the type of yarn incorporated into the 

fabrics upon the change in pupillornetric responses. 

Based on these results, hypothesis la, lb, and lc were 

accepted . 



Hypothesis 2. Skin conductance response in 
regard to consumer acceptance 
of wool-cotton blends for 
shirts is not affected by the 
following fabric variables: 

a. Fiber content 
b. Fiber length 
c. Yarn type 
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Skin conductance responses to the fiber content, 

fiber length, and type of yarn used in the experimental 

fabrics indicated no significant effects from these 

factors when the analysis of covariance with repeated mea-

sures was applied to these data. These results implied 

that neither fiber content, fiber length, nor type of yarn 

were significant factors in determining acceptance of the 

fabrics by the participants. Hypothesis 2a, 2b, and 2c 

we re accepted on the basis of these findings. 

Hypothesis 3. Subj ective response in regard 
to consumer acceptance of wool­
cotton blends for shirts is not 
affected by the following fabric 
variables: 

a. Fiber content 
b. Fiber length 
c. Yarn type 

Results of the analysis of variance with repeated 

meas ur e s in regard to subjective assessment indicated 

tha t , e v e n though fiber content did not significantly 

affec t the acce ptability of fabrics for shirts at the 

a = 0. 05 l eve l , these results, howeve r, approached sig -

nifi c anc e ( a = 0 . 09) . An F-value of 5 .74 showed 
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significant effects at the a = 0.02 level of probability 

for fiber length. This finding indicated that the shorter 

wool fibers (1.71 inches) were significantly more accept-

able to the participants than were the longer wool fibers 

(3.38 inches). Results also showed that the acceptability 

of a fabric for shirts according to the type of yarn used 

in the fabric was highly significant at the a = 0.01 level 

of probability showing that ring spun yarns were signifi-

cantly more acceptable to the participants than were the 

open-end spun yarns. According to these results 

hypothesi s 3a was accepted while 3b and 3c were rejected. 

Hypothesis 4. There are no significant dif­
ferences between male and 
female responses to: 

a. Pupillary assessment 
b. Skin conductance 

assessment 
c. Subjective assessment 

According to the analysis of covariance with re-

peated measures , there were no significant differences at 

the a = 0.05 leve l of probability between male and female 

pupi llary and skin conductance responses to stimulation by 

the experimental fabrics . However, the results revealed 

highly significant differences ( a = 0.001) between the 

subjective responses of male and female participants. On 

the basis of these findings hypothes es 4a and 4b were 

accepted and 4c was rejected . 



Hypothesis 5. There are no significant dif­
ferences among body area 
responses to: 
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a. Pupillometric assessment 
b. Skin conductance 

assessment 

Results of an anlaysis of covariance with repeated 

measures indicated no significant differences between the 

response of the participants as to whether the upper body 

or the fingertips were used as the body area stimulated 

when mea sured by pupillary and skin conductance assess-

rnents. These data led to the acceptance of hypotheses Sa 

and Sb. 

Hypothesis 6. There is no relationship among 
pupillornetric, skin conductance, 
and subjective assessments as 
means of measuring the effects 
of the following fabric variables 
on consumer acceptance: 

a. Fibe r content 
b. Fiber length 
c. Yarn type 

Results of the Pearson product-moment correlation 

analysis showed a significant positive relat ionship at the 

a = 0 . 05 level between pupillometric and skin conductance 

measurements for both the 55/45 and 40/60 wool-cotton 

fabrics . No significant relationship was found between 

pupil lometric and skin conductance responses to the 

25/75 wool - cotton fabric or between pupillometric or skin 

conductance responses when correlated with subjective 

responses . 
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A positive correlation significant at the a = 0.05 

level, was found between the pupillometric and skin con­

ductance assessment of fiber length when the upper body 

was used as the stimuli receptor by the experimental 

fabrics containing the shorter wool fibers. No signifi­

cant correlation, however, was noted between skin conduc­

tance and subjective responses or between pupillometric 

and subjective responses. Negative, non-significant 

relationships were found when subjective assessments were 

correlated with skin conductance measurements. 

With regard to yarn type, a positive significant 

correlation at the a = 0.05 level of probability was found 

between the pupillometric and skin conductance responses 

for ring spun yarns when the upper body was used as the 

stimuli receptor. No significant relationships were found 

between any measurement when the fingertips were the area 

used as the receptor. Non-significant negative relation­

ships were found when subjective tests were correlated with 

pupillometric and skin conductance measurements. On the 

basis of these data, hypotheses 6a, 6b, and 6c were 

accepted . 



CHAPTER V 

SUMMARY 

This study entailed an investigation of the effect 

of fiber content, fiber length, and yarn type upon the 

consumer acceptance of shirt-like garments composed of 

woo l-cotton blends. Evaluations of these effects were 

based on the response s of 17 female and 15 male volunteers 

by mean s of pupillometric, skin conductance, and subjec­

tive assessments. 

Three fabrics were used in determining the effect 

of fiber content. They were composed of 55/45, 40/60, and 

25 / 75 percentages of wool and cotton intimately blended 

together . Determinations of the effect of fiber length 

c ompared fabrics containing wool fibers of 1.71 inches and 

3 . 38 inches while an examination of yarns produced by two 

s pi nning methods explored differences between ring and 

open- end s pun yarns. 

The fabrics were constructed into cape-like gar­

ment s for use in upper body stimulation, and flat fabric 

swatches measuring 38 x 38 em. were used for the tactile 

stimulation of the fingert ips of each participant . The 

participants were s e lected at random according to 

127 
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predetermined criteria related to age, size, visual acuity, 

allergenic reactions, use of stimulants, color variability 

between iris and pupil, and accessibility for testing. 

The pupillometric, skin conductance, and subjective 

assessments involved a selected group of instruments for 

measuring participant response to the experimental fabrics. 

The pupillometric recording device consisted of a 16rnrn-1P 

camera system with a 28 mrn lens and a 5 rnrn extender. Mea-

surements of the exposed film after processing were made 

digitally on a Vanguard Motion Analyzer to one-thousandth 

of an inch. Calculations involved the use of the last 

10 control frames before stimulation and the first 10 

frames during stimulation. 

Skin conductance response and skin conductance 

level were measured by a R-511 Beckman dynagraph with a 

type 9844 skin conductance coupler. These measurements 

were based on the last one-half second before stimulation 

and the highest peak during the 10 seconds of stimulation 

by the fabric. The acceptability of the fabrics for 

shirts by personal opinion was measured by a scale of 

descriptive terms ranging from most acceptable to least 

acceptable . 

Pupillometric and skin conductance measurements of 

the acceptance of the experimental garments and swatches 



129 

were made simultaneously in a test chamber selected to 

maintain constant light, noise control, temperature, and 

humidity using a five member research team. Before enter­

ing the test chamber, electrodes to be used in the skin 

conductance test were placed on the palm of the right hand 

of each participant for conditioning 30 minutes before the 

test. In order to insure similar thought processes, the 

techniques involved were explained to each participant who 

was asked to concentrate during the testing period on the 

acceptability of the fabrics for a shirt. 

Upon entering the test chamber, participants were 

positioned in a head rest; adjustments were made in the 

heights of the headrest and camera; the camera was focused 

on the right eye of each participant; and the electrodes 

on the palm of the participant's hand were hooked to the 

dynograph . Photographs were made with the participant at 

rest for 10 seconds followed by 10 seconds for each of the 

two body areas stimulated by each of the experimental 

fabrics. Simultaneously, the dynograph recorded the elec­

trodermal r e s p onses of the participants . Following the 

photographic a nd skin conductance e valuations, each par­

ticipant was asked to rate the fabric according to a five 

point scale ranging from most acceptable t o l east 

acceptable . 
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Data related to pupillometric and skin conductance 

measurements were evaluated by means of an analysis of 

covariance with repeated measures while the subjective 

assessments were evaluated by means of an analysis of 

variance with repeated measures. Pearson product moment 

correlation analyses compared responses by the partici­

pants according to the pupillometric, skin conductance, 

and subjective measurements. 

According to results of the analysis of covariance 

there were non-significant statistical effects due to the 

fiber contents, fiber lengths, yarn types, body area 

stimulated or sex of the participants when measured by 

means of pupillometric assessment. This is interpreted 

to mean that the wool-cotton percentage used in the 

blends, the length of the fibers used, and the type of 

yarn exerted no significant effect on the acceptability of 

the fabric for a shirt. In addition, the use of the upper 

body or the fingertips as the stimuli receptors or whether 

the participant was male or female were not significant at 

the limitations ( a = .0 5) set for this investigation. 

Pupillary responses showed that upper body stimu­

lation responded to a greater degree to the experimental 

fabrics containing higher percentages of the short wool 

fiber blend made from open - end spun yarns . Fingertip 

stimulation indicated different patterns for fiber content 
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and fiber length, responding more to the 40/60 wool-cotton 

blend and the longer wool fibers. Response patterns from 

male and female participants were similar for upper body 

stimulation relating to fiber length and to fingertip 

sensitivity for fiber content and type of yarn. 

The results of analysis of covariance procedure 

indicated non-significant effects from all of the fabric 

variables measured by skin conductance assessment. This 

indicated that the wool-cotton percentages used in the 

fibers, the length of the fibers, the method of spinning 

the yarn, the area of the body stimulated, or the sex of 

the participant did not significantly affect the accept­

ability of the fabric for a shirt. 

Skin conductance measurements indicated greater 

amplitude for uppe r body stimulation by the experimental 

fabrics containing higher percentages of the short wool 

fiber blend made from ring spun yarns. Fingertip stirnula-

tion, however, showed more reaction to the 40/60 wool­

cotton fiber blend, the shorter wool fibers, and ring spun 

yarns . Male and female participants gave similar responses 

to upper body stimulation, both having higher amplitudes 

for the short wool fibers and ring spun yarns. In regard 

to fiber content , males reacted more to the 55/45 wool­

cotton blend while females responded more to the 25/75 



wool-cotton. 
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For fingertip stimulation, the only similari-

ties in response between the sexes were the higher 

responses to ring spun yarns. 

Subjective ratings for fiber content were highest 

for the blend that had the greatest percentage of cotton, 

the shorter wool fibers, and ring spun yarns. Comparisons 

between males and females showed that males preferred the 

blend highest in cotton content while females preferred 

the high wool percentage blend. Both sex groups gave 

higher ratings to the shorter fibers and to ring spun 

yarns . According to the results of the analysis of 

variance , these findings indicated that the shorter wool 

fibers and the ring spun yarns were significantly more 

acceptable to the participants than the longer fibers and 

the open-end spun yarns. Differences among the three 

levels of wool-cotton percentage used in the fabrics, 

according to subjective assessment, were not significant. 

Significant correlations according to results of 

the Pearson 's p roduct moment correlation analyses, were 

noted for fiber content between pupillometric and skin 

conductance measurements for both the 55/45 and 40/60 

wool - cotton fabrics . Additional significant correlations 

vere found between pupillometric and skin conductance 

responses for upper body stimulation by the shorter wool 

fibers and the ring spun yarns . 
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Findings in this study revealed the complexity and 

diversity involved when evaluating components of textile 

products. Greater significance was found to be related to 

subjective assessments of the acceptability of the experi­

mental fabrics for shirts as stated by the participants 

which proved to be a better measure of consumer acceptance 

than the physiological and psychological procedures used 

in the study. 

The use of physiological measures, however, has 

provided new insight into the complex and intricate dimen­

sions of consumer acceptance of textile products. Addi­

tional experimentation is needed to establish these tests 

as objective measures of man's emotions and feelings, and 

to determine ways to control the immense number of vari­

ables that affect the involuntary responses of the body. 

Sensitive measures such as pupillometric, skin conductance, 

and/or other autonomic measures could be applied to a 

myriad of research topics relating to man's physiological 

and psychological needs and could provide valuable insight 

in helping man adapt to an ever increasing complicated 

enrironment . Specifically, textile research is needed to 

coa lesce the consumers' interest and desires with the 

mul titude of new textile products appearing on the market. 

It is hoped that results of this study will add further 
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impetus to pupillometric and skin conductance assessments 

as a valuable tool in textile research. 



APPENDIX 
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TABLE 32 

MALE AND FEMALE MEAN PUPIL RESPONSES OF THE 
UPPER BODY RELATIVE TO FIBER CONTENT 

(inches)* 

Fiber Content 

55/45 40/60 25/75 
Sub ject Wool-Cotton Wool-Cotton Wool-Cotton 

Pre During Pre During Pre During 

M- 2 . 8 72 1.001 .850 .912 .899 .889 
M- 3 .967 1.029 1.085 1.144 .951 ' . 8 81 
M- 4 . 726 . 734 .674 .733 .700 .808 
M- 5 .6 44 .6 63 .655 .675 .735 .744 
M- 6 .58 8 .652 .662 .696 .781 .831 
M- 7 1 . 006 1 . 112 .975 1.0 47 .958 1.029 
M- 8 .9 81 1.0 83 .916 1.010 .954 1.099 
M- 9 . 588 .598 .560 .595 .636 .653 
M- 10 1. 038 1.050 1.079 1.107 1.070 1.091 
M- 13 . 787 .81 4 .765 .851 .781 .801 
M- 14 . 836 . 866 .806 .888 .670 .729 
M- 15 1 . 195 1.202 1.287 1.264 1.320 1.335 

F - 1 . 9 72 1 .00 6 .747 .762 .747 .772 
F - 2 .7 04 .79 3 .738 .760 .791 .780 
F- 3 .7 73 . 807 .806 .897 .722 .763 
F- 5 1 . 093 1 . 00 7 .9 65 .961 .888 1.000 
F-7 .687 . 735 .60 3 .6 3 2 .652 .651 
F - 8 . 691 .7 39 .9 58 .939 .605 .643 
F- 9 . 526 . 561 . 544 . 5 82 .569 .584 
F - 10 . 870 . 893 .91 6 . 8 22 1.107 1.048 
F- 11 . 579 . 689 . 509 . 56 4 .525 .576 
F- 12 . 977 . 890 .9 36 .9 5 4 .894 .929 
F- 13 1 . 022 1 . 031 1 .021 1.0 51 1.036 1.057 
F- 14 . 556 . 585 . 518 . 501 . 548 .581 
F- 15 . 419 . 411 . 45 8 . 481 . 501 .553 
F- 16 . 036 . 989 . 951 1 . 016 .9 45 .902 
F- 17 . 875 . 938 . 861 . 818 .8 35 .8 5 3 

*Pupil size as indicated by the Vanguard Motion 
Analyzer . 
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TABLE 33 

MALE AND FEMALE MEAN PUPIL RESPONSES OF THE 
FINGERTIPS RELATIVE TO FIBER CONTENT 

(Inches)* 

Fiber Content 

55/45 40/60 25/75 
Su bj ect Wool-Cotton Wool-Cotton Wool-Cotton 

P r e Dur i ng Pre During Pre During 

M-2 .816 .871 .85 5 .869 .815 .839 
M- 3 1.022 .969 1.015 1.056 1.017 1.050 
M-4 .70 3 .713 .689 .718 .730 .800 
M- 5 .643 .681 .653 .652 .640 .654 
M- 6 .60 4 .682 .650 .776 .612 .662 
M- 7 1.0 6 2 1.0 44 1.087 1.11 2 1.042 1.052 
M- 8 .9 5 1 1.064 .967 1.0 69 .909 1.049 
M- 9 .5 4 2 .581 .540 .5 5 4 .598 .647 
M- 10 1. 026 1.102 .9 54 1.0 7 9 1.060 1.136 
M- 14 1.006 1.00 6 .982 1.0 4 9 1.003 1.031 
M- 15 1 . 2 02 1.225 1.23 5 1.305 1.218 1.224 

F - 1 .777 .871 .7 38 .768 .723 .722 
F- 2 .8 17 .8 55 .698 .791 .705 .726 
F - 3 .7 86 .802 .712 .778 .755 .771 
F- 5 .9 85 1.085 .97 5 1 .0 4 2 .986 1.072 
F - 7 . 588 . 599 . 561 . 612 .565 .594 
F - 8 . 612 . 632 . 630 . 754 .601 .607 
F - 9 . 544 . 555 .52 2 .5 8 8 .546 .572 
F-10 . 926 .811 .8 38 . 890 .799 .919 
F - 11 . 525 . 634 . 519 . 601 . 55 6 .610 
F- 12 . 831 . 915 .8 81 . 891 .840 .888 
F - 13 1 . 122 1. 003 1 . 062 1 . 186 1 .0 45 1.111 
F - 14 . 513 . 494 . 51 0 . 515 . 514 .559 
F - 15 . 449 . 511 . 336 . 38 0 .424 .422 
F- 16 . 943 . 946 . 909 . 956 . 835 .852 
F -17 . 873 . 893 . 858 . 882 . 908 .876 

*Pupil size as indicated by the Vanguard Motion 
Analyzer . 
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TABLE 34 

MALE AND FEMALE MEAN PUPIL RESPONSES OF THE 
UPPER BODY RELATIVE TO FIBER LENGTH 

(inches)* 

Fiber Length 

Subject 
1.71 Inches 3.38 Inches 

Pre During Pre 

M- 2 .872 1.001 .881 
M- 3 .967 1.029 .901 
M- 4 .726 .734 .686 
M- 5 .644 .663 .645 
M- 6 .587 .652 .597 
M- 7 1.006 1.112 1.150 
M- 8 .981 1.083 .986 
M- 9 .588 .598 .614 
M- 10 1.038 1.050 1.049 
M- 13 .787 .814 .824 
M- 14 .836 .866 .802 
M- 15 1.195 1.202 1.241 

F - 1 .972 1.006 .902 
F - 2 .704 .793 .822 
F- 3 .773 .807 .723 
F - 5 1.09 3 1.007 . 912 
F- 7 .687 .73 5 .669 
F- 8 .69 1 .7 39 .646 
F- 9 .526 .561 .534 
F- 10 .87 0 .893 .782 
F - 11 . 579 .6 89 .5 40 
F- 12 .97 7 .890 1.003 
F - 13 1 .0 22 1.0 31 1.000 
F - 14 . 556 . 585 . 58 0 
F - 15 . 419 . 41 1 . 3 06 
F-16 . 936 . 989 1.011 
F- 17 . 875 . 938 . 863 

*Pupil size as indicated by the Vanguard Motion 
Analyzer . 

During 

. 9 4 3 

.945 

.778 

.656 

.697 
1.238 
1.055 

.634 
1.063 

.829 

.856 
1.217 

.902 

.811 

.766 
1.007 

.696 

.656 

.557 

.790 

.581 

.985 
1.091 

.602 

.326 
1 .009 

. 86 9 



Sub j ect 

M-2 
M-3 
M-4 
M-5 
M-6 
M- 7 
M- 8 
M-9 
M- 10 
M- 14 
M- 15 

F - 1 
F-2 
F-3 
F - 5 
F - 7 
F - 8 
F - 9 
F - 10 
F- 11 
F- 12 
F - 13 
F- 14 
F-15 
F - 16 
F- 17 

TABLE 35 

MALE AND FEMALE PUPIL RESPONSES OF THE 
FINGERTIPS RELATIVE TO FIBER LENGTH 

(inches)* 

Fiber Length 

1.71 Inches 3.38 

Pre During Pre 

.816 .871 .888 
1.022 .969 .908 

.703 .713 .711 

.643 .681 .633 

.604 .683 .584 
1.062 1.044 1.095 

.951 1.064 .923 

.542 .581 .552 
1.026 1.102 1.077 
1.006 1.006 .968 
1.202 1.225 1.188 

.777 .871 .733 

.817 .855 .780 

.786 .803 .687 

.985 1.085 .981 

.588 .599 .604 

.612 .632 .594 

.544 .555 .603 

.926 .811 .909 

.525 .634 .565 

.831 . 915 .952 
1.122 1.003 1.164 

.513 .494 .594 

.449 .511 .403 

.943 .9 46 .831 

.87 3 .893 .885 
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Inches 

During 

.918 

.944 

.738 

.644 

.702 
1.146 
1.048 

.620 
1.137 
1.006 
1.218 

.764 

.800 

.755 
1.065 

.591 

.618 

.651 

.913 

.601 

.985 
1.153 

.560 

.440 

.829 

.906 

*Pupil size as indica ted by the Vanguard Motion 
nalyzer . 



TABLE 36 

MALE AND FEMALE PUPIL RESPONSES OF THE UPPER 
BODY RELATIVE TO TYPE OF YARN 

(inches)* 

Type of Yarn 

Subject 
Ring Spun Open-end 

Pre During Pre 

M-2 .8 49 . 912 .774 
M-3 1.085 1.144 .991 
M-4 .674 .. 733 .774 
M-5 .655 .675 .660 
M-6 .662 .696 .636 
M-7 .975 1.047 1.014 
M-8 .916 1.010 .966 
M-9 .560 .595 .696 
M- 10 1.079 1.107 1.064 
M-13 .765 .851 .781 
M- 14 .806 .888 .951 
M-15 1.287 1.264 1.264 

F-1 .747 .762 .753 
F-2 .738 .760 .827 
F - 3 .806 .897 .757 
F - 5 .965 .961 1.029 
F - 7 .603 .632 .574 
F - 8 .95 8 .939 .718 
F - 9 .54 4 .582 .622 
F-10 .91 6 .822 .815 
F - 11 . 509 .564 .532 
F - 12 .93 6 .954 .906 
F - 13 1.021 1.051 .994 
F-14 .518 .501 .554 
F - 15 . 458 .481 .368 
F - 16 . 951 1.016 .941 
F - 17 . 861 .8 18 .8 58 

*Pupi l size as indica ted by the Vanguard Motion 
Analyzer . 
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Spun 

During 

.914 
1.033 

.833 

.647 

.664 
1.072 
1.069 

.697 
1.070 

.835 

.946 
1.299 

.762 

.836 

.854 
1.022 

.589 

.738 

.638 

.848 

.550 
1.011 
1.039 

.632 

.402 

.994 

.866 



Subject 

M-2 
M-3 
M-4 
M-5 
M-6 
M-7 
M-8 
M-9 
M-10 
M- 14 
M-15 

F-1 
F -2 
F - 3 
F -5 
F -7 
F - 8 
F -9 
F - 10 
F-11 
F - 12 
F - 13 
F-14 
F -15 
F -1 6 
F -17 

TABLE 37 

MALE AND FEMALE PUPIL RESPONSES OF THE 
FINGERTIPS RELATIVE TO TYPE OF YARN 

(inches)* 

Type of Yarn 
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Ring Spun Open-end Spun 

Pre During Pre During 

.855 .869 .786 .823 
1.015 1.056 .925 .977 

.689 .717 .716 .721 

.653 .6 52 .645 .639 

.650 .776 .538 .625 
1.087 1.112 1.045 1.084 

.967 1 . 069 1.080 1.151 

.540 .554 .5 46 .592 

.954 1.079 1.122 1.138 

.982 1 .0 49 1.085 1.110 
1.235 1.305 1.178 1.193 

.738 .768 .721 .738 

.698 .791 .768 .825 

.712 . 778 .740 .804 

.975 1.042 1.073 1.056 

.561 .612 .532 .59 1 

.630 .754 . 632 .637 

.522 . 588 .576 .559 

.838 .890 . 823 .893 

.519 .601 .538 .607 

. 881 .891 .837 .881 
1.062 1.186 .931 1.068 

. 510 .515 .595 .644 

. 336 .380 .431 .445 

. 909 .9 56 .8 40 .831 

. 858 . 882 .812 .849 

*Pupil siz e as indicated by the Vanguard Motion 
Analyzer . 



142 

TABLE 38 

MALE AND FEMALE SKIN CONDUCTANCE RESPONSES OF THE 
UPPER BODY RELATIVE TO FIBER CONTENT 

(rnicrornhos) 

Fiber Content 

55/45 40/60 25/75 
Subject Wool-Cotton Wool-Cotton Wool-Cotton 

Pre During Pre During Pre During 

M-1 17.1 19.2 17.7 19.3 18.8 19.8 
M-2 25.6 30.1 25.4 28.1 27.8 25.9 
M-3 8.5 8.6 8.4 8.7 8.5 8.7 
M-4 2.9 4.3 3.1 4.5 3.1 5.3 
M-5 4.2 4.7 4.9 5.4 4.7 5.2 
M-6 2.4 2.8 2.2 2.5 2.8 2.7 
M-7 13.1 15.3 12.0 12.5 11.5 12.9 
M-8 23.6 26.1 24.3 26.6 23.9 25.9 
M-9 2.7 2.6 3.0 3.1 2.8 2.8 
M-10 8.8 10.1 8.2 9.0 8.0 9.5 
M- 11 4.6 7.0 4.2 4.9 4.0 5.0 
M- 12 24.4 28.0 24.4 27.9 25.0 28.3 
M- 13 23.4 25.1 23.0 24.5 25.7 26.7 
M- 14 11.9 12.1 11.8 11.7 12.2 12.6 
M- 15 15.2 17.5 13.8 15.9 13.1 17.7 

F - 1 4.5 5.5 3.5 4.7 4.0 5.7 
F-2 5.4 6.2 6.5 6.5 6.1 6.8 
F-3 8. 3 10.5 9.8 11.0 8.9 10.8 
F- 4 9.6 11.6 9.1 9.6 9.1 10.0 
F- 5 10.2 10.4 9.0 9.8 9.2 10.0 
F- 6 8 . 5 9.6 7.3 8. 0 8.7 8.9 
F- 7 9.7 10.5 10.4 10.3 10.0 10.4 
F - 8 13 . 5 14.8 13.4 15.7 14.3 15.9 
F- 9 2.7 3.3 2.7 2.9 2.8 3.9 
F.- 10 4 .0 4.0 4. 6 5.2 3.7 5.2 
F - 11 5 .5 6.8 5 .3 6.5 5.4 6.3 
F- 12 1 . 3 1 . 9 1.7 1.7 1.6 2.0 
F- 13 8 . 6 9 . 5 7.7 9.2 7.4 7.6 
F- 14 5 . 4 6 .0 5 . 6 6 . 5 5.3 6.0 
F- 15 20 . 9 21 . 5 16 . 1 17 .7 16 .0 18.5 
F-16 20 . 4 22 . 4 19 .4 21.2 18.7 20.1 
F- 17 9 . 1 9 . 5 9 . 7 9.9 9.2 9.4 



TABLE 39 

MALE AND FEMALE SKIN CONDUCTANCE RESPONSES OF THE 
FINGERTIP RELATIVE TO FIBER CONTENT 

(micrornhos) 

Fiber Content 

55/45 40/60 25/75 
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Subject Wool-Cotton Wool-Cotton Wool-Cotton 

Pre During Pre During Pre During 

M-1 19.5 21.0 20.7 21.8 21.4 23.1 
M-2 27.8 30.5 30.2 29.8 28.4 30.8 
M-3 9.4 9.4 9.5 9.7 9.6 9.8 
M-4 3.7 4.3 3.3 4.5 3.4 4.6 
M-5 4.6 5.0 6.1 6.0 4.3 5.1 
M-6 2.5 3.1 2.3 2.8 2.3 2.7 
M-7 16.9 16.9 17.3 18.3 14.4 18.1 
M-8 25.1 29.4 24.1 29.7 26.6 28.4 
M-9 3.0 3.4 3.2 3.5 2.7 3.3 
M-10 9.4 9.3 9.0 8.8 9.0 8.9 
M-11 4.4 7. 4 4.8 4.6 5.4 5.5 
M-12 26.7 31.4 26.0 31.8 29.2 33.3 
M-1 3 27.7 27.3 26.0 27.8 28.4 29.4 
M- 14 16.4 1 6 .8 16.8 17.1 16.9 17.3 
M- 15 16.9 18.4 15.3 16.9 16.3 15.7 

F- 1 4.5 6.7 4.3 4.8 4.4 5.1 
F -2 6.2 6.5 5.9 6.5 6.0 6.6 
F - 3 9.2 12.0 8.7 12.9 10.1 11.8 
F-4 10.1 12. 4 10.7 11.7 9.9 11.4 
F - 5 10.9 11.2 10.3 11.0 10.2 10.7 
F - 6 9.8 10.8 9.4 11.0 9.7 12.2 
F- 7 9.7 12.8 9.9 11.2 10.2 11.5 
F - 8 15.9 17.8 15.8 17.6 15.9 16.5 
F -9 3 . 5 4 . 6 3.1 3.5 5.2 5.4 
F - 10 5 . 7 5.7 5.6 6.2 4. 6 6.6 
F - 11 6 . 3 9 . 7 6.5 8. 2 7.4 8.4 
F - 12 2.8 2.8 2.5 2 . 5 2.6 2.8 
F - 13 6 . 8 6 . 8 7.4 8. 8 6 .4 6. 4 
F - 14 6 . 7 6 . 8 6 . 4 7. 6 6 . 0 6.2 
F - 15 20 . 8 25 . 9 19.2 22.2 18.8 24.6 
F - 16 20 . 7 22 . 6 21.2 23.6 22.6 22.9 
F - 17 10 . 0 10 . 4 10 .7 10 .9 10.6 10.6 



TABLE 40 

MALE AND FEMALE SKIN CONDUCTANCE RESPONSES OF 
THE UPPER BODY RELATIVE TO FIBER LENGTH 

(rnicromhos) 

Fiber Length 

Subject 
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1.71 Inches 3.38 Inches 

M-1 
M-2 
M-3 
M-4 
M-5 
M-6 
M-7 
M- 8 
M-9 
M- 10 
M- 11 
M-12 
M- 13 
M- 14 
M- 15 

F - 1 
F-2 
F-3 
F - 4 
F-5 
F-6 
F-7 
F-8 
F-9 
F -10 
F - 11 
F - 12 
F - 13 
F - 14 
F - 15 
F - 16 
F - 17 

Pre 

17.1 
25.6 

8.5 
2.9 
4.2 
2.4 

13.1 
23.6 

2.7 
8.8 
4.6 

24.4 
23.4 
11.9 
15.2 

4.5 
5.4 
8.3 
9.6 

10.2 
8 ~ 5 
9. 7 

13.5 
2. 7 
4 . 0 
5 . 5 
1.3 
8 . 6 
5 . 4 

20 . 9 
20 . 4 

9 . 1 

During 

19.2 
30.1 

8.6 
4.3 
4.7 
2.8 

15.3 
26.1 

2.6 
10.1 

7.0 
28.0 
25.1 
12.1 
17.5 

5.5 
6.2 

10.5 
11.6 
10.4 

9. 6 
10.5 
14.8 

3. 3 
4 .0 
6. 8 
1.9 
9 . 5 
6 . 0 

21 . 5 
22 . 4 
9 . 5 

Pre 

17.5 
25.4 
8.9 
2.9 
4.3 
2.4 

13.3 
23.7 

2.9 
8.3 
5.0 

25.7 
26.9 
12.1 
15.3 

3.9 
5.6 
8.1 
9. 7 
9. 7 
7.7 

10.9 
14.7 

2.9 
4.1 
5. 6 
1.1 
7.3 
5 .3 

18.3 
18 .8 

9. 0 

During 

18.6 
28.0 
9.0 
4.1 
4.7 
2.6 

16.3 
25.7 
3.0 
9.1 
5.8 

28.5 
28.1 
12.2 
15.8 

5.2 
6.6 
9.9 

10.4 
9.9 
8.5 

11.2 
15.9 

3.1 
4.3 
7.0 
1.4 
7.7 
6.1 

19.7 
20.5 
9.7 



TABLE 41 

MALE AND FEMALE SKIN CONDUCTANCE RESPONSES OF 
THE FINGERTIPS RELATIVE TO FIBER LENGTH 

(micromhos) 

Fiber Length 
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Sub j ect 1.71 Inches 3. 38 Inches 

M- 1 
M- 2 
M- 3 
M- 4 
M- 5 
M- 6 
M- 7 
M- 8 
M- 9 
M- 10 
M- 11 
M- 12 

- 13 
M- 14 
M- 15 

F - 1 
F - 2 
F - 3 
F - 4 
F - 5 
F - 6 
F - 7 
F - 8 
F - 9 
F - 10 
F - 11 
F - 12 
F - 13 
F - 14 
F -1 5 
F - 16 

Pre 

19.5 
2 7 .8 

9.4 
3. 7 
4.6 
2.5 

16.9 
25.1 

3.0 
9. 4 
4. 4 

26.7 
27. 7 
16. 4 
1 6 .9 

4 . 5 
5 . 4 
8 . 3 
9 . 6 

10 . 2 
8 . 5 
9 . 7 

13 . 5 
2 . 7 
4 . 0 
5 . 5 
1 . 3 
8 . 6 
5 . 4 

20 . 9 
20 . 4 

During 

21.0 
30.5 

9. 4 
4.3 
5.0 
3.1 

16.9 
29.4 

3.4 
9.3 
7.4 

31.4 
27.3 
16.8 
18. 4 

5.5 
6.2 

10. 5 
1 1.6 
10. 4 

9.6 
1 0. 5 
1 4 . 8 

3 .3 
4 . 0 
6 . 8 
1 . 9 
9 . 5 
6 . 0 

21 . 5 
22 . 4 

Pre 

19.5 
26.7 

9.9 
3.0 
4. 8 
2.2 

16.7 
27.9 

3o0 
9o3 
4 0 6 

39.1 
30.1 
16.6 
17.6 

3.9 
5.6 
8.1 
9.7 
9o7 
707 

10o9 
14.7 

2.9 
4 .1 
5. 6 
1.1 
7. 3 
5 . 3 

18 . 3 
18 . 8 

During 

21.4 
31.9 
10.1 

4.4 
5.3 
2.7 

18.4 
29.5 
3.3 
9.5 
5.6 

45.7 
29o6 
16.8 
18.2 

5.2 
6.6 
9o9 

10.4 
9.9 
8.5 

11.2 
15.9 

3.1 
4 0 3 
7.0 
1. 4 
7. 7 
6 .1 

19o7 
20. 5 



TABLE 42 

MALE AND FEMALE SKIN CONDUCTANCE RESPONSES OF 
THE UPPER BODY RELATIVE TO YARN TYPE 

(micr:Omhos) 

Type of Yarn 
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Subject 
Ring Spun Open-end Spun 

Pre During Pre During 

M- 1 17.7 19.3 18.3 19.4 
M-2 2 5 . 4 28.1 25.8 28.0 
M- 3 8. 4 8.7 8.1 8.3 
M- 4 3.1 4.5 3.8 5.4 
M- 5 4.9 5.4 4.4 4.8 
M- 6 2.2 2.5 2.3 2.5 
M- 7 12.0 12.5 12.1 13.0 
M- 8 2 4 .3 26.6 24.4 26.5 
M- 9 3.0 3. 1 2.6 3.0 
M- 10 8.2 9.0 8.1 8.9 
M- 11 4 .2 4. 9 4. 9 5.1 
M- 1 2 2 4 . 4 27.9 24.0 27.0 
M- 13 23.0 24.5 23.4 25.0 
M- 14 11 . 8 1 1 .7 12.4 12.8 
M- 15 1 3 . 8 15.9 13.5 15.8 

F - 1 3.5 4.7 4.4 5.2 
F - 2 6 . 5 6.5 6.9 7.1 
F - 3 9. 8 1 1 .0 9.4 11.2 
F - 4 9 . 1 9. 6 7.7 9. 3 
F - 5 9 . 0 9.8 9.3 9.7 
F - 6 7. 3 8.0 8.1 8.5 
F - 7 10 . 4 10. 3 9.7 10.0 
F - 8 13 . 4 15 .7 1 3 . 4 14. 4 
F - 9 2 . 7 2 . 9 3.9 4.5 
F - 10 4 . 6 5 . 2 4 .2 4. 5 
F - 11 5 . 3 6 . 5 7.2 8.1 
F - 12 1 . 7 1 . 7 1 . 9 2.0 
F - 13 7 . 7 9 . 2 7. 5 8.4 
F - 14 5 . 6 6 . 5 5 . 3 5. 9 
F - 15 16 . 1 17 . 7 14 . 9 16 . 6 
F-16 19 . 4 21 . 2 21 . 2 21 . 4 
F - 17 9 . 7 9 . 9 10 . 0 10 . 5 



TABLE 43 

MALE AND FEMALE SKIN CONDUCTANCE RESPONSES OF 
THE FINGERTIPS RELATIVE TO YARN TYPE 

(micrornhos) 

Type of Yarn 

Subj ect Ring Spun Open-end 

Pre During Pre 

M- 1 20.7 21.8 20.7 
H- 2 30. 2 29. 8 30.7 
M- 3 9. 5 9.7 9.6 
M- 4 3.3 4.5 3.2 
M- 5 6.1 6.0 5.5 
M- 6 2. 3 2. 8 2. 7 
M- 7 1 7 . 3 18.3 16.2 
M- 8 24 . 1 29.7 29.1 
M- 9 3 .2 3.5 2.7 
M- 10 9.0 8.8 9 . 3 
M- 11 4 . 8 4.6 5.9 
M- 12 2 6 .0 31.8 27.1 
M- 13 26 . 0 27.8 27.6 
M- 14 1 6 . 8 17.1 17.4 
M- 15 1 5 .3 16.9 15.7 

F - 1 4 . 3 4.8 4.5 
F - 2 5 . 9 6. 5 6.3 
F - 3 8 . 7 12.9 10.1 
F - 4 10 . 7 11 .7 10.8 
F - 5 10 . 3 11 .0 10.5 
F - 6 9 . 4 11.0 9.5 
F - 7 9 . 9 11 . 2 10. 5 
F - 8 15 . 8 1 7. 6 15 .7 
F - 9 3 . 1 3 . 5 3 . 1 
F - 10 5 . 6 6 . 2 5. 1 
F - 11 6 . 5 8 . 2 7 .2 
F - 12 2 . 5 2 . 5 2 . 3 
F - 13 7 . 4 8 . 8 7. 7 
F - 14 6 . 4 7 . 6 6 . 3 
F - 15 19 . 2 22 . 2 19 . 6 
F- 16 21 . 2 23 . 6 22 . 1 
F - 17 10 . 7 10 . 9 10 . 8 
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Spun 

During 

22.0 
32.0 

9.7 
5.1 
5.9 
2.6 

17.3 
30.8 
3.8 
8.8 
6.0 

32.3 
27.2 
17.9 
18.1 

4.8 
6.5 

12.2 
12.1 
11.3 
11.6 
12.9 
15.9 

7.6 
6.5 
8 . 6 
2. 3 
7.7 
6 . 5 

2 2 . 4 
2 3 . 1 
1 1 . 3 



TABLE 44 

SUBJECTIVE QUESTIONING RESPONSES OF MALES AND 
FEMALES RELATIVE TO FIBER CONTENT 

Fiber Content 
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Subject 
55/45 40/60 25/75 

Wool-Cotton Wool-Cotton Wool-Cotton 

M-1 2 3 2 
M-2 2 3 5 
M-3 5 4 4 
M-4 5 2 4 
M-5 3 2 3 
M- 6 2 3 3 
M-7 4 2 4 
M-8 3 2 4 
M-9 3 4 4 
M-10 5 2 2 
M-11 3 3 4 
M- 12 3 4 4 
M-13 4 3 3 
M- 14 2 3 4 
M- 15 3 5 5 

F - 1 4 4 5 
F - 2 3 2 2 
F -3 4 2 4 
F-4 3 2 3 
F - 5 4 4 4 
F - 6 4 3 4 
F - 7 3 5 1 
F-8 5 4 5 
F-9 4 3 4 
F-10 3 3 3 
F- 11 4 2 3 
F-12 4 4 2 
F - 13 4 4 4 
F - 14 3 4 4 
F-15 3 3 3 
F - 16 4 3 5 
F - 17 4 3 4 



TABLE 45 

SUBJECTIVE QUESTIONING RESPONSES OF MALES AND 
FEMALES RELATIVE TO FIBER LENGTH 

Fiber Length 
Subject 

1.71 inches 3.38 

M-1 2 2 
M-2 2 3 
M-3 5 3 
M-4 5 4 
M-5 3 3 
M-6 2 2 
M-7 4 3 
M-8 3 3 
M-9 3 4 
M-10 5 4 
M-11 3 3 
M-12 3 3 
M- 13 4 2 
M-14 2 5 
M-1 5 3 2 

F-1 4 3 
F-2 3 2 
F - 3 4 3 
F - 4 3 3 
F-5 4 4 
F - 6 4 3 
F - 7 3 4 
F - 8 5 4 
F - 9 4 3 
F-10 3 3 
F - 11 4 3 
F - 12 4 3 
F - 13 4 4 
F- 14 3 3 
F- 15 3 3 
F - 16 4 1 
F - 17 4 2 
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inches 



TABLE 46 

SUBJECTIVE QUESTIONING RESPONSES OF MALES AND 
FEMALES RELATIVE TO TYPE OF YARN 

Type of Yarn 
Subject 

Ring Spun Open-end 

M-1 3 3 
M-2 3 2 
M- 3 4 2 
M- 4 2 2 
M-5 2 1 
M- 6 3 2 
M- 7 2 2 
M-8 2 1 
M-9 4 3 
M- 10 2 3 
M- 11 3 2 
M-12 4 3 
M- 13 3 2 
M-1 4 3 3 
M-1 5 5 1 

F - 1 4 2 
F-2 2 2 
F- 3 2 3 
F- 4 2 4 
F-5 4 4 
F- 6 3 3 
F - 7 5 5 
F- 8 4 2 
F-9 3 2 
F - 10 3 2 
F - 11 2 1 
F - 12 4 3 
F- 13 4 3 
F - 14 4 2 
F - 15 3 2 
F- 16 3 1 
F- 17 3 3 

150 

Spun 
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