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ABSTRACT
ASSESSMENT OF THERMAL RESPONSE OF SUBJECTS WEARING
FUNCTIONALLY DESIGNED PROTECTIVE CLOTHING
By

Donna Hahn Branson

The objective of this research was to assess and compare the
perception of thermal comfort and sensation and the accompanying
physiological responses associated with selected fabrics and designs,
under controlled environmental conditions, simulating Michigan summer
weather conditions. This study, conducted at the Institute for Envi-
ronmental Research, Kansas State University, was one component of a
major research project aimed at developing functionally designed pro-
tective clothing for pesticide applicators that offered thermal com-
fort and social acceptability.

Three fabrics, whose resistance to pesticide penetration was
known, were chosen. A spun-bonded olefin and a nylon three-layer
Taminate served as the protective fabrics. A cotton chambray was
chosen to reflect what is commonly worn by applicators. Three designs
were specified, two coverall variations and a shirt-and-jeans combi-
nation.

The dependent variables included: weighted skin temperature,
rectal temperature, percentage of evaporated sweat, and thermal com-

fort and sensation votes.



Donna Hahn Branson

A 3 x 3 complete factorial experimental design with six replica-
tions was used. Fifty-four male Kansas State University students
served as test subjects. Each wore one test garment for one two-hour
test session. An activity level of three mets was maintained.

Data analysis involved first an examination of the dependent
measures by fabric and design over time and second, hypothesis testing.
Since thermal-comfort assessment includes physical and perceptual
measures as related aspects of a single response, multivariate statis-
tical analysis was used to analyze the dependent measures as a whole.

Examination of the graphs for the three fabrics showed a consis-
tent trend. Subjects wearing the spun-bonded olefin garments exhibited
higher temperature readings and greater thermal dissatisfaction than
subjects in the other two test fabrics. Thus, one of the protective
fabrics offered a comfort level similar to chambray. The MANOVA analy-
sis indicated a statistically significant difference for fabric at the
.0001 Tevel.

The graphs of the dependent measures for design showed an incon-
sistent pattern. There was a tendency for higher physical and per-
ceptual measures for the coverall with the ventilating panel. The

MANOVA results for design were not statistically significant.
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CHAPTER 1

INTRODUCTION

U.S. farmers and foresters, in an effort to control detrimental
insects, plant diseases, weeds, and crop infestations, have increased
their usage of pesticides (Boraiko, 1980). The Mediterranean fruit
fly infestation in California is a dramatic example of the serious
problem of pest control, a problem which has commanded international
attention. In addition to damaging crops, pests can carry serious
diseases. In Michigan, health officials are weighing the risks and
benefits of instituting a limited pesticide spray program to reduce
the mosquito population in areas in which cases of Eastern Equine
Encephalitis have been confirmed in horses (Lane, 1981). Although the
risk of getting the disease is low for humans, a young Michigan boy who
contracted the illness last summer and remains in a coma clearly shows
the devastating results.

The detrimental effects of pesticide usage, including possible
ecological consequences and pesticide-related illness and death, are
a persistent concern for many. The contamination of rivers, ponds,
and lakes by synthetic compounds continues to be a subject of inquiry
for the scientific community and the general public. Also, the
increased resistance of insects to pesticides has caused many to fear

that we may be breeding "superbugs." Boraiko (1980) noted that over






400 species of insects and mites are now resistant to pesticides.
Besides the negative environmental consequences, reports of adverse
health effects associated with pesticides continue to proliferate.
Viet Nam veterans exposed to Agent Orange, a controversial defoliant,
are a particularly vocal group who have demanded recognition of the
hazardous health side-effects of the chemical and compensation for the
pain and suffering this exposure has cost them and their families.
They hold Agent Orange responsible for causing a variety of health
problems, ranging from skin diseases, hearing Toss, and cancer to birth
defects in their children.

Despite these negative consequences, the careful, prudent use of
pesticides is considered by many scientists, not only beneficial to
society (Kilgore & Akesson, 1980) but also necessary to provide suf-
ficient food and fiber for the world's steadily expanding population.
After researching the pesticide controversy for over a year, the
editor of National Geographic (cited in Boraiko, 1980) concluded:

With a steadily expanding population and a decrease in arable

land, the world must use pesticides to maintain high crop yields

and affordable food. At the moment there is simply no other
way to farm on the scale required. Answers to questions of
environmental danger, sensible regulation with diligent enforce-

ment, proper application, and acceptable chemicals thus are a

world necessity. (p. 145)

Assuming continued reliance on pesticides, then the potential
adverse health effects of workers occupationally exposed to pesti-
cides is one area of concern that should be addressed. Documentation
of pesticide-related health effects, patterns of pesticide usage,

population at risk, and mechanism of transference to the body are

presented as a prelude to examining strategies for minimizing worker






exposure to pesticides. Further examination of one strategy concludes

the chapter.

Adverse Health Effects

The adverse health effects can be either sudden and of rela-
tively short duration, or they may be delayed long-term effects such
as sterility, cancer, and neurological and renal disorders. Atten-
tion has centered on the dramatic sudden i11 effects requiring medical
attention of large numbers of field workers (Kahn, 1976a). For
example, in September 1976, 118 workers from a 120-person grape-picking
crew became i11 after entering a field recently treated with dialifor.
It was concluded that excessive skin exposure had resulted (Knaak,
Peoples, Jackson, Fredrickson, Enos, Maddy, Bailey, Diisch, Gunther,
& Winterlin, 1978). Recently, however, the long-term health signifi-
cance of chronic exposure has become an increasing concern. Morgan
(1980) warned that proving long-term effects such as increased preva-
lence rates of cancer is very difficult and may be impossible. Figurel
illustrates both the spectrum of pesticide exposure and the related

health effects.

Patterns of Use
Over the past decade, our pattern of use of pesticides has
shifted away from the more persistent pesticides (DDT for example) to
the shorter-acting but more toxic organophosphate and, to some extent,
carbamate compounds (Freed, Davis, Peters, & Parveen, 1980). Because

these compounds are less persistent in the environment, more frequent



applications are required in order to maintain pest control, thus

necessitating greater applicator exposure.

* Acute exp Systemi Populations at special risk:
{poisoning, pesticide workers, applicators,
and topical pickers, domestic population
(eyes and skin)
Chronic exposure
(high-occupational)
Lepto-
phos: C
Kepone: | delayed In- | Others: Populations at special risk:
neuro- | neuro- [DBCP:| organic| cancer, f 3, f I
logical | toxi- | ster- ic:| birth applicators
and beha-| city | ility [cancer|defects,
vioral etc.
Chronic exposure rgano-chlorines, | Alkyl-phosphates: Tissues
(low-incid 1) haloge d DEP, DMP, useful for
organo-phosphatesy DMTP, DETP Phenol Metals monitoring
exposure
Adipose, Urine Urine Hair,
blood, serum, urine,
urine serum

Figure 1.--Spectrum of pesticide exposure and some related health
effects. (From Davis, Freed, Enos, Barquet, Morgade,
& Danauskas, 1980, p. 10. Reprinted with permission
of the editors of Residue Review.)

Population at Risk

The epidemiological history of authenticated episodes of pesti-
cide poisonings has shown the population at risk to be those indi-
viduals involved in the manufacture (Kiraly, Szentesi, Ruzicska, &
Czeize, 1979; Taylor, Selhorst, Houff, & Martinez, 1978), formulation
(Glass, Lyness, Mengle, Powell, & Kahn, 1979; Young, Jung, & Ayer,
1979), mixing and loading (Bension, Richter, Weisenberg, Schoenberg,
& Luria, 1979), and application (Bension et al., 1979; Hayes, Wise,

& Seir, 1980) of pesticides as well as those involved in harvesting

operations (Burns & Parker, 1975; Knaak et al., 1978; Wicker, Williams,






Bradley, & Guthrie, 1979; Wolfe, Armstrong, Staiff, Comer, & Durham,

1975). These categories should not be considered mutually exclusive.

The California Department of Public Health has monitored the acute

effects on California workers of pesticide exposure, and concluded

that "occupational disease caused by pesticides and other agricul-

tural chemicals is one of the most important occupational health prob-

lems in the State" (Kilgore & Akesson, 1980, p. 25).

Figure 2 presents

data gathered by this reporting service by category of worker for 1978.

Number of human pesticide exposure illnesses
B
3

\

(*b O

& a ‘,‘
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Figure 2.--Occupationally related pesticide-exposure illnesses in
California during 1978. (From Kilgore & Akesson, 1980,
p. 26. Reprinted with permission of the editors of

Residue Review.)

Figure 2 clearly demonstrates that ground applicators, that is,

those who apply pesticides using a variety of spray and dusting



equipment, received medical treatment a greater number of instances
than any other population at risk. It should be noted that even
though California has an extensive medical reporting system, some
investigators (Kahn, 1976a) believe that the number of reported cases
represents only a small fraction of the true incidence of pesticide
poisonings.

The concern that the number of documented cases may be grossly
underestimating the true scope of the problem has been primarily
focused on the population of field workers. California alone has
more than 300,000 farm workers, including housewives and students,
plus an unknown number of illegal aliens (Kahn, 1976a). Social and
economic pressures, language barriers, and risk of deportation
undoubtedly prevent many pesticide-related illnesses from being
reported to physicians (Kahn, 1976a). Kahn (1976a) pointed out that
"the agricultural work forces in Arizona and Texas share many of the
same characteristics . . . , the ethnic make-up and sociological
details may be different, but the net effect is very similar" (p. 694).
Thus, Kahn (1976a) emphasized that this problem is not limited only to
California.

A second factor that prompts researchers to suggest that the
number of pesticide poisonings is greater than the number of documented
cases is the nature of the early symptoms. Nausea, headaches, diar-
rhea, skin rash, and blurred vision can be symptomatic of other i11-
nesses, making recognition of their occupational origin more difficult

to ascertain for worker and physician.






The issue of the secondary exposure of the workers' family has
received 1ittle attention, although documented cases have been reported
in the literature. For example, in Virginia, an investigation of over-
exposure of workers to chlordecone, an organochlorine insecticide, found
detectable levels of chlordecone in the blood of all employees (Taylor
et al., 1978). Over half of the workers had a history of tremor which
interfered with ordinary manual tasks and daily activities. Despite
detectable levels of chlordecone being found in 94% of the workers'
family members, serious examination of the cause of secondary contami-
nation of family members was not undertaken. The topic of secondary
exposure of the family is beyond the scope of this research.

There have also been isolated efforts to assess the adverse
health effects of pesticides on the general population. The interested
reader is referred to Boraiko (1980) and to D'Ercole, Arthur, Cain, &
Barrentine (1976) for discussion of this topic. Exposure of the gen-
eral public to pesticide hazards is outside the scope of the present

research.

Mechanisms of Pesticide Entry
There are three major routes of entry of pesticides into the
human body: oral, respiratory, and dermal. Numerous investigators

have established that dermal exposure is the major mechanism for pes-

ticide entry (Hansen, Schneider, Olive, & Bates, 1978; Nigg, 1980;
Taylor et al., 1978). Durham, Wolfe, & E11iot (1972) compared the
dermal and respiratory routes and found that 87% of the total expo-

sure was accounted for by dermal exposure.



Rate of dermal absorption is a function of the specific compound,
use of various solvents ("Classification of Cutaneous Hazards and Their
Effects," 1980), extent of exposed skin area and duration of contact,
anatomic region (Maibach, Feldmann, Milby, & Serat, 1971), and ambient

temperature (Hayes, Funchas, & Hartwell, 1964).

Strategies for Minimizing Occupational Exposure

The range of documented and suspected adverse health effects for
an identified population at risk, as well as data on the primary
routes of entry of pesticides into the body, suggest a basic mandate:
minimize worker contact with toxic substances (Morgan, 1980). Although
the wisdom of the mandate is obvious, the means to achieve it are
neither simple nor acceptable to all parties involved (Morgan, 1980).
Various strategies, some having limited applicability for certain
classes of workers, have been suggested in an effort to support the

basic mandate.

Elimination of Toxic Pesticides

The elimination or restricted use of toxic pesticides has been
attempted through legislation and standard-setting. Created by
President Nixon in December 1970, the Environmental Protection Agency
(EPA) was given the administration of the Federal Insecticide, Fungi-
cide, and Rodenticide Act (FIFRA, transferred from the U.S. Department
of Agriculture) and the responsibility for the registration of pesti-
cides. The EPA was also given the duty of establishing pesticide
residue tolerances on raw agricultural commodities. In 1972, FIFRA

was amended, requiring the EPA to reregister all pesticide products






by 1976, over 40,000 products (Doutt, 1979). In order to register a
pesticide, the EPA requires both acute and chronic toxicity tests be
performed. Chemical industries spend years testing a product to
ensure both its safety and its effectiveness. The RPAR process has
been developed to investigate products thought to be possibly hazardous
to the environment or humans and to assist in the regulatory decision-
making process. Quantitation of risk of human pesticide exposure is
part of the risk-benefit equation in the decision process (Davis

et al., 1980). Doutt (1979), in tracing the history of pesticide
regulation, noted that a new national pesticide law became effective
in October 1978. Doutt (1978) charged that the law is very solicitous
of the pesticide industry.

Data on the environmental persistence of a chemical and its full
toxic potential must be gathered. Morgan (1980) stated that knowledge
should not be limited to only active ingredients, but also to degrada-
tion products during storage and following application and to byproducts.

Despite a large organized mechanism for examining and register-
ing a pesticide, toxic chemicals continue to find their way into the
market place.

Maintenance of a Safe
Work Environment

This basic strategy has been implemented in several diverse
ways, including monitoring systems and established reentry intervals.
Development of a system to monitor the health of employees

through preventive medical-supervision programs has been advocated

(Culver, 1976). Yet, the mobile nature of the field workers precludes
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the possibility of monitoring any delayed health effects for this
population. Monitoring of the work environment for quantities of
toxicants has also been suggested. This might involve the monitor-
ing of residue levels in factory and field air, on skin and clothing,
on soil, and on foliage in the field (Culver, 1976, p. 125). Both
methodological and cost considerations 1imit the universal applica-
bility of this strategy.

The establishment of "reentry intervals," set by the EPA,
requires that field workers not enter a treated field for a desig-
nated time period, dependent on the specific compound. In addition,
California has enacted state regulations more stringent than the fed-
eral standards. Both the established reentry periods and the methods
used for hazard assessment have come under attack. Many feel that the
intervals are unduly harsh (Culver, 1976). The extensive research
devoted to the reentry problem (Burns & Parker, 1975; Iwata, Knaak,
Spear, & Foster, 1977a, 1977b; Kahn, 1976b; Knaak et al., 1978;
Serat, Mengle, Anderson, Kahn, & Bailey, 1975; Spenser, Cliath, Davis,
Spear, & Popendorf, 1975) demonstrates the difficulty in establishing
reentry intervals that are both safe (for a variety of compounds) and
reasonable to agricultural interests. This strategy offers possible
protection only to field workers.

Thus, maintenance of a safe work environment is not always a
feasible alternative, but perhaps a micro-environmental strategy can
ultimately provide increased safety and better health for workers

occupationally exposed to pesticides.






Human-Constructed Environment

The rationale behind this strategy is that a micro-environment,

a human-constructed environment, could be constructed to serve as a
protective interface between the worker and the environment. Enclosed
vehicles (i.e., tractors, planes, or helicopters) are frequently used
as methods of application. There is evidence to suggest that enclosed
vehicles do not offer the level of protection desired.

Cohen et al. (1979) studied Israeli pilots of an aerial spray
company which sprays 50% of the pesticides in Israel. They
Tearned that pilots are exposed to pesticides in two stages of their
work: the loading phase and in flight, which resulted from flying
back into clouds of pesticide aerosols and vapors (Cohen et al.,
1979). They found the presence of pesticide concentrations in the
cockpits and concluded that the level of concentration was a function
of wind conditions. Pesticide concentrations have also been found
inside enclosed tractor cabs.

Therefore, the quest for a more proximal human-constructed envi-
ronment that could provide protection against a hazardous workplace
has continued. Because of limitations of each of the strategies,
protective clothing, which could be used as a barrier between the
worker and the environmental hazard, has commanded increased atten-
tion from government, industry, public health officials, and research-
ers (Cohen et al., 1979; Davis et al., 1980; Morgan et al., 1980).

The recommendation of protective clothing has influenced the

RPAR decision on several occasions. Davis et al. (1980, p. 8) cited
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the example of chlorobenzilate, which was found to be a weak carcino-
gen but was permitted on the market with the stipulation that worker
protection be achieved through the wearing of protective clothing.
There is a growing tendency to suggest protective clothing as an
alternative to banning a "suspicious" compound for which an adequate
substitute is unavailable. Protective clothing also offers the advan-
tage of being applicable to all of the occupational categories given
in Figure 2.

While consensus on the need for protective clothing is emerg-
ing, agreement on a definition of protective clothing is not so

widespread. For example, the Federal Register has defined protective

clothing at least three times. On March 11, 1974, protective clothing
was defined as:

at least a clean hat with a brim, a clean long sleeved shirt
and long legged trousers or a coverall type garment, all of
closely-woven fabric covering the body, including arms and
legs, shoes to entirely cover both feet, clean socks, and
clean fingerless gloves covering the back and front of hands
and wrists.

Two months later, May 10, 1974, the Federal Register redefined pro-

tective clothing as "at least a hat or other suitable head covering,
a long sleeved shirt and long legged trousers or a coverall type
garment."

Kahn (1976b) took issue with the EPA as being "unaware that their
prescribed 'protective clothing' was actually the usual attire of
most workers engaged in foliar contact activities" (p. 39). Hats,
long-sleeved shirts, and jeans are worn, Kahn noted, as protection

against thorns, twigs, and sunlight.
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Prior to the March 11, 1974, definitions, the EPA had suggested
that protective clothing should be "impermeable." Cohen et al.

(1979) had Tikewise specified "impermeable uniforms, boots and gloves"
(p. 85) in their recommendations for Israeli ground crews and pilots.

The necessity of protective gear being impermeable to pesticide
vapors, dusts, sprays, and even direct spills has dominated the
development of available protective garments and equipment. Dispos-
able nonwoven fabrics have been used in two-piece and coverall designs,
aprons and gloves. The effectiveness of the fabrics as barriers to
both particulates and liquids has been documented (Scheinberg, 1979).

Davis et al. (1980) undertook a study designed to compare the
effectiveness of commonly worn clothing by the Florida pesticide
applicators (Table 1) versus 100% treated and untreated cotton-
denim coveralls. Their (Davis et al., 1980) results indicated that
100% cotton denim coveralls offered greater protection than
the growers' own clothing. Davis et al. (1980) recommended the
use of 100% cotton overalls for dermal protection. However, sev-
eral studies (Ware, Morgan, Estesen, & Cahill, 1975; Wicker et al.,
1975) have suggested that in the presence of moisture or high humidity,
cotton jeans can be soaked by foliar contact, with a resultant increase
in dermal absorption.

Rubber rain gear has also been suggested. At the other end of
the spectrum, elaborate protective suits, boots, and head gear
equipped with an independent air supply and constructed of various
fabrics have been developed. Despite the considerable effort expended

on the development of protective gear for the agricultural worker,
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Table 1.--"Own" clothing characteristics of pesticide citrus grove
applicators and mixers, Orange County, Florida, 1978.

Subject No.

Type of Clothing Worn

1

10, 11, 12, 13

Synthetic, short-sleeve shirts (thin), frequently
open. Work pants cotton and/or synthetic.

Cotton shirts, sweat shirts, and "T" shirts occa-
sionally. Work pants. Low shoes.

Primarily a thin, synthetic shirt and trousers.
Occasionally synthetic/cotton shirts. Rubber
boots.

Combinations: "T" shirts and short-sleeve shirts.
Variety of work pants, 1ight-weight.

Combinations of synthetic short-sleeve shirts
(1ight-weight) and work pants. Low work shoes.

Fresh, very clean and pressed long-sieeve cotton
shirt daily. Trousers cotton and/or synthetic.
Ankle leather boots.

Variety of short-sleeve shirts, "T" shirts, and
sweat shirts. Work pants varied from cotton twill
to cotton synthetic.

Short-sleeve, cotton/synthetic shirt worn open.
Thin khaki trousers. Low shoes.

A varied assortment of shirts, sweat shirts (long
and short sleeve), and athletic jerseys. Trousers
varied including shorts; sandals.

Wore heavy army "fatigue" coveralls of a heavier
twill finish than the University of Miami protec-
tive clothing. These military green fatigues were
from a surplus store (no labeling to determine type
and weight of fabric; long sleeve).

(From Davis et al., 1980, p. 16. Reprinted with permission of the
editors of Residue Review.)
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what is now available has not been widely accepted by many of the
workers at risk.

Protective clothing is seen as hot, uncomfortable, and expensive
by California field workers and plane loaders (Boraiko, 1980). Data
gathered by Henry (1980) indicated that independent farmers considered
protective clothing valuable but unacceptably hot for Michigan summers.
Culver (1976) concluded that protective garments "impose physiologi-
cal stresses that in our work environment are largely unacceptable"
(p. 42). Freed et al. (1980) noted that in temperatures between 28°
and 40°C, current protective clothing "that encases a large part of
the body would not only be extremely uncomfortable, but would be a
hazard in itself due to hyperthermia or heat stroke" (p. 160). And
the EPA backed down from its specification of "impermeable" clothing,
saying that such clothing could be considered a greater risk, due to
heat build-up Teading to heat prostration, than not wearing any pro-
tective clothing (Federal Register, July 31, 1973).

Unfortunately, the currently available protective clothing has
not been developed by studying the whole problem. Emphasis has been
directed toward finding an impermeable fabric. Consideration for user
acceptance has not been explored. Attention has not been focused on
the problem of thermal comfort of a worker toiling in a hot environ-
ment while wearing an "impermeable" garment. The development of
practical protective garments that satisfy the individual's needs of

thermal comfort, acceptability, and protection is needed.
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Functionally Designed Protective Clothing

In the fall of 1978, Jacquelyn Orlando De Jonge, Ph.D., then
Associate Professor in the Department of Human Environment and Design,
Michigan State University, currently Head and Professor of the Depart-
ment of Textiles, Mechandising, and Design, University of Tennessee,
undertook a research investigation aimed at limiting the dermal
exposure of the independent farmer to pesticides, while maintaining
acceptable thermal-comfort levels through the development of func-

tionally designed protective garments. The total research effort has

been supported by the Michigan State University Agricultural Experiment
Station and the North Central and Southern Region Pesticide Impact
Assessment Programs.

The investigation focused on independent farmers, specifically
the fruit-grower population, who ordinarily perform the tasks of
mixing, loading, and applying pesticides, as well as being involved
in the harvesting of the crop. The method of pesticide application
for fruit trees and the frequency of application further enhance the
opportunity for deposition of pesticides on the applicator's skin
and clothing. Thus, the data previously cited in Figure 2 suggest
that the potential exposure to pesticides can be significant, yet the
independent farmer has shunned protective clothing, citing the lack of
thermal comfort as a primary reason. It is also likely that the inde-
pendent grower perceives that protective clothing may become a future
requirement and "thus another infringement upon their private lives"

(Henry, 1980, p. 21). All of these concerns were systematically
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addressed in the conduct of each component comprising the total
research effort.

The present research is one component of the overall research
project, with the major thrust being the assessment of thermal com-
fort associated with selected fabrics and designs of known protective
qualities under controlled environmental conditions. The ultimate
purpose of this study was to contribute to the development of func-
tionally designed protective garments for the fruit grower. Before
proceeding with a formal statement of the problem, however, it is
critical to view this research in the context of the larger project
and to understand the methodology implicit in this design effort. An
overview of first, the functional design process and second, the
implementation of the process as it is being used to design protec-
tive garments is given to underscore the interrelatedness of the
various components and how this quality impacted on the conduct of

the thermal-analysis component.

Functional Design Methodology

The functional design methodology is a systems approach to
design which seeks to explore the design situation in a holistic
manner. The increasing complexity of design problems has stimulated
the development and adoption of a wide variety of design methods, in
response to world-wide dissatisfaction with traditional procedures
(Jones, 1970). Alexander (1977) commented that today functional
problems are becoming less simple all the time, with more design

problems reaching insoluble levels of complexity. Accompanying this
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growing complexity is a vast body of constantly changing information
and specialist experience. Although all of this is available for the
designer, the information and expertise are so widespread, diffuse,
and unorganized and the designer so reticent to reach out for such
input, that it is more comfortable to rely on traditional design
methods.

The design process traditionally used for apparel is one based
on the creative inward assimilation of inputs in the designer's head.
The design solution emerged as a mysterious output of the designer's
brain.

Traditional apparel designing emphasized creating an aesthetic-
ally pleasing, socially acceptable, and psychologically comforting
garment. The physical needs of the body, while not ignored, were
certainly not a primary concern. With the advent of space-age travel,
increased usage of industrial clothing, and the burgeoning growth
of participatory sports, there has been an increased demand for
special-purpose clothing. Such clothing must be designed to accom-
modate all of the body's needs, and sometimes to protect the indi-
vidual from harsh environmental conditions. Clearly, the traditional
apparel-design process is inadequate for such design situations.

Jones (1970) has examined many of the new design methods and
has shown them to be an extension of older methods. 1In all of the
new design methods, the design process has been externalized, with an
aim toward making designing more manageable. But the clear, concise

elucidation of the design problem, as perceived, can also be readily
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observed and critiqued by those who are not members of the design
team, thus providing another benefit.

Figure 3 presents a schema for the functional apparel-design
process, as given by Orlando (1979). Jones (1970) characterized the
process as being one of divergence, transformation, and convergence.
Once the design request has been received, it is treated as a start-
ing point for the investigation. Exploring the design situation
initiates the divergent search, a process aimed at expanding problem
boundaries in many directions, with attention also directed at the
consequences. It is a step back, in an attempt to examine the design
problem from different perspectives, rather than a plunge ahead with
preconceived solutions. This critical step identifies the general
objectives and distinguishes user needs and other pertinent require-
ments, thus laying the groundwork for the designation of the critical
factors. Once the critical factors have been identified, the neces-
sary experiments or studies are planned, carried out, and the data
are analyzed. This kind of pre-design work can be costly and time
consuming. Therefore, asking the right questions and knowing when to
terminate the search-acquisition phase is of the utmost importance.

Assessment of the findings of each critical factor results in
the generation of design specifications. This begins the creative
process of transformation. The main objective of this phase is to
transform the results of the divergent search in<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>