
DTIC
AD-A262 043 ELECTE

ERGONOMIC CHALLENGES
IN CONVENTIONAL AND

ADVANCED APPAREL MANUFACTURING

FINAL REPORT (Phases I through V)

Research Sponsored by:
U.S. Defense Logistics Agency

(DLA900-87-D-0018-005)

Principal Investigators:
Michael J. Kelly, Technical Co-Director

Daniel J. Ortiz, Project Director and Technical Co-Director
Theodore K. Courtney

Dennis J. Folds
Nancy Davis

Jeffery M. Gerth
Schryl Rose

Georgia Tech Project A-8311

Georgia Institute of Technology
Georgia Tech Research Institute

Environmental Science and Technology Laboratory
Concepts Analysis Laboratory

September 1992

i ppro'v4C U:i,



REPORT DOCUMENTATION PAGE oMf NO 04-0188

~3v~tusqI'wev. A,'t 1,04 . V A)2OUJ 07 A"1o '0" .01, t-" 0 04D'-c, ft4',Iv.'Otd" C4SI ,0tq, ' ~~
1. AGENCY USE ONLY (Lq,•'e 61-nk) 2. RIPORT DATE 3. •EPOR• TYPE AND DATE0 COVEREDSOctober 1992 Final

4. TITLE AND 'UBTITLE I.. .O e 9i. FuNDiNG NUMBERS

Ergonomic Challenges in Conventional and Advanced Contract:

Apparel Manufacturing I DLA900-87-D-0018-005

. ........... 93-05877
Michael J. Kelley IN t~tI 1111' 1!I~ 11iw IU 11Daniel J. Ortiz, et. al. IlIII l!I• lff Ni I;!i•JI1 III Ilx< )•

7. PERFOVMWG ORGANIZATION NAME(S)AND ADORE SM~S)

Georgia Institute of Technology A-8311
O'Keefe Building, Room 209
Atlanta, GA 30332-0800

9. SPONSOiNNG/MONiTORING AGENCY NAME(S) AND AWOOESS(ES) 10. SPO5O0inNG/MON•ITOABZN
AGENCY REPORT NUMBER

Manufacturing Engineering/Research Office Task 005
Defense Logistics Agency
Cameron Station - DLA-PR

Alexandria, VA 22304-6i00

11. SUPPLEAM41TARY 14OTES

Report includes a supervisory training manual and training video (VHS)

12a. 0IS1RIUTION /AVAILAN&OI ST0lEMENil 12b. DISTRIBUTION CODE

Final Report Availability in accordance to DoDD 5230.24

Training Video/Manual available from performing organiza-
tion.

13. AISTRtACT (Maximum 200 word)

Apparel manufacturing is a labor-intensive, assembly line process requiring signifi-

cant amounts of repetitive, skilled manipulation. A survey of three typical plants
in the southeastern United States identified relatively high frequencies of musculo-

skeletal discomfort among the sewing operators. Poorly designed and maladjusted work-

stations contributed to these reported problems. Subsequent research found that
ergonomic interventions including redesign and pr@per adjustment of workstations,
use of ergonomically-designed seating, and training in low-risk methods and posture!:

substantially reduced these complaints. Other innovations in equipment, job, and
organizational design, including adjustable workstations, automation, and modular

manufacturing, were also explored. While many of these technologies have potential
to improve comfort, safety and efficiency, new ergonomics issues will appear with
their introduction. A textbook and videotape to provide manufacturing supervisors

instruction in identifying and addressing the most common ergonomic problems in the
workplace were developed and are being distributed.

14. SUBJECT TERMS 4W y 19 6 15. NUMBER OF PAGES
226

Apparel Manufacturing Ergonomic Musculoskeletal 16. PRICE CODE

17. SUCURIT ASil~iAt'O SIUTORTY CLASSIFICATION t1. SECURITY CLAS 0IIICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
Unclassified Unclassified Unc ]ass If ied SAR

NSN 7540-0 -290-5500 Stard- ld For- 298 'Gt ;y2-89
l'..1 fldb £a .' *



9
ERGONOMIC CHALLENGES

IN CONVENIfONAL AND
ADVANCED APPARtL MANUFAkCftR'AG

FINAL REPORT (Phases I throti' •)'

Research Sponsored-by:

U.S. Defense Logistics Ag~neiy
(DLA900-87-D-00G18-)055

Principal Investigators:

Michael J. Kelly, Technical Co-Diiet~ot.
Daniel I. Ortiz, Project Director and Technical. Co-Diredtor.,

Theodore K. Courtney
Dennis J. Folds

Nancy Davis
Jeffery M. Gerth D3 ,

Schryl Rose

Georgia Tech Project A-8311 Accesion For

NTIS CRA&I
DTIC TAB [
U nan noun ted C.J

Georgia Institute of Technology Jusnano;auon

Georgia Tech Research Institute
Environmental Science and Technology Lab~iator' By

Concepts Analysis Laboratory Distributlion

S september 1992 Avaivdbilfty Codes

St-A per N's. Kerlin, DLA/PR, Alex., VA A-\ o22304.

3-29-93 JK



Executive Sum m ary .................................................. 1

Introduction ................................ , ...................... 2

Phase 1: Ergonomic Survey in the Manufacturing Workplace .................. 3
M ethod ..................................................... 3
Results and Discussion ......................................... 4

Anthropometric Data ........................................... 4
M usculoskeletal Discomfort ..................................... 4
The W orking Posture ......................................... 5
Illum ination ................................................. 5
W orkstation Geometry ........................................ 5
Seating .................................................... 6
Repetitive M anipulation ....................................... 6
T raining ................................................... 6

Phase II: Low Cost Ergonomic Interventions .............................. 7
M ethod .................................................... 7
Results and Discussion ......................................... 8

* Phase III: Explore Higher Technology Manufacturing Technologies ............. 8
Automated Materials Handling ............................... ... 9
W orkstation Automation ...................................... 10
W orkstation Adjustability ...................................... 11
Operator Real-Time Information System .......................... 11

Phase IV: Training Video and Manual .................................. 11

Phase V: Modular Manufacturing Systems ............................... 12

Conclusions and Prospects ........................................... 13

R eferences ....................................................... 15

Appendices
A. Purchasers of the Textbook and Videotape
B. Publications
C. Phase I: Ergonomic Survey in the Manufacturing Workplace

Task Detailed Report
D. Phase II: The Chair as an Ergonomic Intervention in Conventional

Trouser Manufacturing Task Detailed Report
E. Phase III: Explore Higher Technologies Task Detailed Report
F. Phase IV: Training Video and Manual
G. Phase V: Modular Manufacturing Systems Task Detail Report



EXECUTIVE SUMMARY

* Apparel manufacturing is a labor-intensive, assembly line process requiring significant
amounts of repetitive, skilled manipulation. A survey of three typical plants in the
southeastern United States identified relatively high frequencies of musculoskeletal
discomfort among the sewing operators. Poorly designed and maladjusted workstations
contributed to these reported problems. Subsequent research found that ergonomic
interventions including redesign and proper adjustment of workstations, use of ergonomically
designed seating, and training in low-risk methods and postures substantially reduced these
complaints. Other innovations in equipment, job, and organizational design, including
adjustable workstations, automation, and modular manufacturing, were also explored. While
many of these technologies have potential to improve comfort, safety and efficiency, new
ergonomics issues will appear with their introduction. A textbook and videotape to provide
manufacturing supervisors instruction in identifying and addressing the most common
ergonomic problems in the workplace were developed and are being distributed.

Enclosed in this document is a summary of the five phases or tasks of this ;ndeavor. The
appendices contain the detailed reports of Phases I, II, In, and V. Also, a copy of the
training handbook and video (Phase IV) is contained in the appendices.

@1



INTRODUCTION

The United States apparel manufacturing industry is facing difficult challenges. Apparel
manufacturing is a labor-intensive, rather than capital-intensive, endeavor. Because it is
possible to start up a factory for a few hundred dollars per employee, it is an ideal industry
for developing nations. A ready pool of inexpensive labor in the Pacific Rim and Latin
American regions provides strong competition for North American manufacturers. In
addition, the industry is experiencing a severe shortage of entry-level sewing workers as the
population ages and competition increases for young, relatively unskilled personnel. While
some of these challenges might be met by innovations in equipment and manufacturing
methods, many existing plants are financially unable to invest in new technology.

A high turnover rate (well over 100% each year in many plants) contributes to escalating
costs. Months of on-the-job training are needed by novice operators to learn the complex
perceptual-motor skills of their trade. On a typical job, novice operators reqL, ir: 12 - 16
weeks of training and practice'before their performance reaches established productioi,
standards. On especially difficult jobs, as long as 26 weeks may be needed. For most
workers, learning curves do not reach asymptote until after one to two years on the job.

Conventional apparel manufacturing is a hand-intensive process as operators rapidly obtain
and position parts, guide them through the machine, and dispose of them (Kelly, Ortiz,
Folds and Courtney, 1990). As awareness of repetitive motion trauma disorders grows, the
industry is experiencing a dramatic increase in reports of upper-extremity injuries and the
resulting medical and disability payments. Fines imposed by regulatory agencies for allowing
conditions conducive to repetitive motion injuries are expected to add substantially to the
already high costs.

A few previous studies have examined ergonomic aspects of the apparel manufacturing
industry in the United States and in Europe (e.g., Punnett and Keyserling, 1987; Vihma,
Nurminen and Mutanen, 1982). It was desired, however, to broaden the research into an
integrated study of ergonomic problems and their potential solutions, covering both
conventional and advanced manufacturing, and to disseminate the findings to the industry.

The goals of the research program were to (1) identify and document ergonomic-related
problems in the apparel manufacturing workplace, (2) test low cost interventions that would
address these problems, (3) identify and explore higher-technology solutions that are
beginning to enter the environment, and (4) develop a self-study course in ergonomics
specifically designed for apparel manufacturing supervisors.

0
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PHASE I: ERGONOMIC SURVEY IN THE MANUFACTURING WORKPLACE

During the first phase of this program, site visits were conducted at three typical apparel
manufacturing plants in the southeastern United States. The primary product line for all
three plants was trousers. Plant A employed approximately 500 cutting and sewing
operators and was considered to be an innovator in the introduction of new technology;
Plant B employed approximately 50 operators and would accept new technology after its was
thoroughly proven to be of benefit; Plant C employed approximately 120 operators and was
considered financially incapable of. adopting significant amounts of new technology. These
plants provided a representative cross-section of company sizes and opportunities for
automation. (Within months after completion of the survey, Plant B ceased operation after
over fifty years in business.)

On a preliminary visit to each plant, management, engineers and floor supervisors were
interviewed and the plant was toured in order to develop an overall impression of the
ergonomic environment and potential problem areas. During these visits, specific target jobs
were identified in each plant for extra scrutiny. These were jobs having indications of
ergonomic problems including excessive turnover, absenteeism, physical complaints, or
unusually long training periods. These jobs were singled out for later video analyses and
detailed workstation measurements. Each of the three plants identified between four and
six target jobs. Because of differences in product, procedures, and nomenclature between
the plants, there was little agreement on the problem jobs.

During a subsequent series of visits, confidential interviews were conducted with 132
voiunteer operators representing the target jobs and other jobs in the plants. These
interviews covered (1) demographic factors, (2) musculoskeletal discomfort or injuries, (3)
characteristics of the work environment, (4) characteristics of the workstation, chair, and job,
and (5) training. Environmental measures of illumination, temperature, and noise were
taken at sample workstations throughout the three plants. Detailed anthropometric
measurements were taken of the 132 (123 female and 9 male) cutting and sewing operators.
Measurements used a GPM Model 101 anthropometer and a GPM Model 106 spreading
caliper. All measures were taken with shoes removed. Subjects were measured wearing
their own working clothing, typically a lightweight summer type clothing such as shorts, t-
shirts or cotton skirts. For standing measures, subjects stood erect, facing forward. For
sitting measures, subjects sat erect on a firm, flat surface. Operators were measured on each
of ten dimensions considered to be most closely related to the desired workstation
dimensions.

3
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Results and Discussion

*Anthrooometric Data Existing anthropometric databases often are not valid for specific
populations of workers (Casey, 1989). This may be especially true where job characteristics
self-select for certain physical characteristics in the worker. Smith, Smith and McLaughlin
(1982) found that a sample of female textile workers, for example, was substantially taller
and heavier than the population norm, probably due to the reaching and lifting requirements
of the specific job. It was desired to identify (or rule out) any such gross deviation from
population norms among sewing operators. The population of male operators was
considered to be too small to provide meaningful data and these measures are not included
in the study.

It is apparent from comparing these data that female apparel workers do not deviate in any
substantial degree from the dimensions of all female workers as summarized on three other
published data bases. The sample of apparel workers may be slightly heavier (as suggested
by the larger thigh clearance measurement) but none of the other nine measures varied
appreciably from the other published norms. This conclusion, however, may not be valid
for every plant. Some plants now employ substantial numbers of sewing operators of
Asian/American ancestry and have reported difficulty in adjusting workstations to meet the
needs of these typically smaller statured workers. Few of these workers were in the
population represented in the current study.

Musculoskeletal discomfort. Another major goal of the program was to document patterns
of musculoskeletal injury or discomfort experienced by the sewing operators and to begin

* relating them to job and workplace elements that might have contributed to them. During
the interviews, the sewing operators rated the frequency with which they experienced muscle
or joint pain in each of 16 areas of their bodies.

Approximately half of all workers reported that they at least sometimes experience pain in
their upper back (52%), neck (49%), and right hand (48%). This p:evalence of neck,
shoulder, and back discomfort is consistent with results of similar surveys on apparel workers
in the northeastern United States (Punnett, Robins, Wegman, and Keyserling, 1985) and in
Finland (Vihma, Nurminen, and Mutanen, 1982).
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The data are also comparable to those we found in a separate study in which a sample
(n= 12) of seated sewing operators rated their comfort levels at four different points during
the day (Courtney, Kelly, Folds, and Ortiz, 1990). Discomfort tended to increase throughout
the day and by late afternooni 10 of the 12 were reporting some degrce of discomfort in their
upper backs, 6 of the 12 were reporting discomfort in their right hands, and 3 of the 12 were
reporting discomfort in their necks.

The working posture. Much of the reported discomfort in the back and neck can be
attributed to the working posture of the seated operators. In response to job and
workstation characteristics, operators typically adopted a hunched working posture.
Analyses of videotape records made of thirty subjects in the target jobs indicated that 40
percent stooped forward (i.e., torso flexion) at least 20 degrees throughout the machine
cycle. Sixty percent tilted their heads more than 20 degrees throughout the cycle. Several
workers stated that this posture is necessary to obtain maximum production and wages.
Such postures have been cited as a factor in muscle fatigue, and discomfort (Grandjean,
1982). The tendency of operators to work in this hunched posture can be attributed to at
least three factors, the visual demands of the work, the geometry of the workstation, and
inadequate seating.

Illumination. Most sewing operations are visually demanding, requiring the precise stitching
of thread into a fabric with which there is little or no visual contrast. Overall, 36 percent
of operators stated that illumination was insufficient, requiring them to lean toward the
point of operation (POO) in order to see their work. To evaluate this complaint, we
measured the average illumination at the POO (consisting of general illumination plus
supplementary workstation luminaries) for a sample of 396 workstations. The mean value,
168 foot candles (fc), was less than 60 percent of the Illuminating Engineering Society of
North America (IESNA) recommended value of 300 fc for visually intensive tasks with low
contrast.

Workstation geometry. The tendency of operators to work in the hunched posture also
suggested a potential conflict between workstation geometry and operator dimension.
Analyses indicated that the machine treadle typically was located too close (mean = 15 cm)
to the proximal edge of the work surface. Most commonly, operators responded by
positioning the chair away from the work surface in order to allow a knee angle of 110
degrees or greater. From this position, the mean distance from the back of the chair to the
point of operation (POO) was only 3 cm less than the arm length of the 50th percentile
operator. To compensate for these workstation problems, operators leaned forward to
maintain adequate visual and manual access to the POO.

Another factor limiting operator access to the workstation was the location of various
obstructions (motors, pneumatic equipment, and machine guards) beneath the work surface.
While typical recommended knee room averages about 46 cm, (Eastman Kodak Company,
1983) the presence of these obstructions, in some cases, limited available space to less than
26 cm.
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Seaing, The vast majority of operations were performed in a seated position. Seating
encountered in the sewing environment typically consisted of straight-backed wooden or
metal chairs. The provided chairs lacked any cushion for reducing compression and fatigue,
lacked adjustable backrests, and often were of improper height. Most operators (91%)
customized their chairs with homemade cushions on the pan and backrest in order to adjust
the height and increase pliancy. Most cushion adjustments increased seat height by 3-6 cm
when compressed.

Repetitive Manipulation' One primary risk factor for the development of repeated trauma
disorders is the frequency with which motions are repeated. On the basis of observation and
interviews with an experienced methods engineer, the sewing jobs were classified as
requiring high, medium, or low amounts of repetitive manual manipulation. While the
classification was somewhat subjective, it was closely related to the frequency of changes in
hand and wrist posture. High degrees of manual manipulation were associated with higher
levels of physical discomfort almost throughout the body. Greatest discomfort levels were
concentrated in the neck, uppet'and middle back, right shoulder, and hands. Seventy-three
percent of the high manipulation workers reported pain in their right hands, the highest
discomfort frequency identified in the analyses. This is consistent with the findings of
Vihma, et al. (1982) of a significant relationship between hand pain and repetition rates.

In addition, as many as 100% of operators on certain high manipulation jobs (e.g., top-
stitching) reported symptoms that are often associated with repetitive trauma disorders,
including nocturnal numbness in the hands and fingers. In the overall population of sewing
operators interviewed, the incidence of such reported symptoms was approximately 30%, a
somewhat higher incidence than has been previously reported (e.g., Punnett and Keyserling,
1987). Our higher frequency can partially be attributed to the interview sample that was
purposely weighted to emphasize problem jobs.

The cycle time of the 14 target jobs ranged from 10 to 109 seconds with most in the 20 to
40 second range, very similar to the cycle times recorded by Punnett, et al. (1987). There
were an average of 29 left hand and 25 right hand posture changes per cycle. The most
frequent hand and wrist postures included pinch (lateral and pulp), ulnar deviation, flat
press, extension, and flexion, respectively.

Training. Initial training of sewing operators was performed on the job in all three of the
plants examined. One plant had a specialized training department responsible for initial and
continuing training; the other two plants provided training by the floor supervisors. Training
periods varied from a few days to as many as six months. None of the plants provided
specialized instruction in effective training techniques for their supervisors or training staff.
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Tbhere was evidence that improvements in operator training are being made, especially for
newly hired workers. Higher percentages of younger operators reported receiving job-
methods training using visual aids or videotape, training on posture, training on lifting, and
training on other safety issues. As suggested by the table, videotape is only infrequently
used during initial training but is more commonly used for cross-training the more
experienced operators. Training feedback was, at best, inconsistent. After the initial hour
or so of intensive training, return visits by the trainer/supervisor were sporadic. One plant
posted a daily learning curve chart on the novices' workstations but even this degree of
performance feedback was unusual.

PHASE II: LOW COST ERGONOMIC INTERVENTIONS

Relatively low cost solutions are available that can address much of the musculoskeletal
discomfort reported by the opeSators in the initial survey. Badly designed and adjusted
workstations can be properly adjusted for the operators; ergonomically-designed seating can
replace the hard, unadjustable seats.

While most sewing operators continue to sit on hard, unadjustable seats during the workday,
ergonomically designed chairs for the sewing operator are now available (Yu and Keyserling,
1989). These chairs have easily adjustable seat height, seat pans, and backrests. They are
adequately padded and promote a lordotic seated posture. Little formal effort had been
made to validate the effectiveness of these chairs in the manufacturing environment. The
goal of this study was to provide a field evaluation of the effects of workstation adjustments,
posture training, and ergonomically designed seating on the comfort, posture, and
production efficiency of sewing operators.

Method

Two studies were conducted on the effects of ergonomically designed chairs on posture,
comfort, and production efficiency in cut-and-sew manufacturing plants. In the first study,
ergonomically designed chairs were tested on the sewing floor of a trouser manufacturing
plant (Courtney, et al., 1990). Twelve sewing operators took part in the study. Before
initiation of testing, all operators rated their levels of musculoskeletal discomfort in fifteen
areas of their bodies at approximately two-hour intervals during the work day to provide
baseline comfort/discomfort levels. The subjects were videotaped from the side as they
worked so that measures of postural angles could be made.

The operators were divided into two groups of six each. The six operators in the control
group then received instruction in proper working posture and were individually given
recommendations on adjusting their workstations and chairs to ergonomically appropriate
configurations. The six subjects in the experimental group received the same posture
training and workstation recommendations; in addition, they were supplied with the
ergonomically designed chairs and carefully trained in their use.

* After a period of approximately five weeks, the sequence of discomfort surveys and
videotaping was repeated.
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A subsequent study tested ten sewing operators in two different plants (Peck, 1990). One
plant produced active-wear such as sweatshirts; the second produced medical supplies. This
study used the same discomfort survey and videotape posture analysis but employed a
before-and-after experimental design rather than matched groups.

Results and Discussion

The changes were remarkable. In the first study, the experimental group showed substantial
improvements in both posture and frequency of musculoskeletal discomfort. The mean
improvement in back angle was 8.3 degrees with five of the six subjects showing
improvement. Reported Ausculoskeletal pain decreased by 90.3 percent. The control group
showed a mean 2.5 degree improvement in back posture with three of the six subjects
showing improvement. Reported musculoskeletal discomfort decreased by 53.6 percent. No
change in production was seen, however, for either group.

In the subsequent seating stud, the changes in posture were not as pronounced as those
found during the first study. The subjects, however, reported an almost identical 90%
reduction in discomfort frequency when using the ergonomically designed chairs. A
statistically significant increase in production was experienced by subjects in one of the two
plants after introduction of the ergonomic chairs. Given the choice, 15 of the 16 operators
who tested the ergonomic chairs during the two studies elected to keep them after the
conclusion of the studies.

In field studies of this kind, the experimenter must be mindful of potential contamination
of the data by the Hawthorne effect, by the demand characteristics of the study, or by other
aspects of the situation that are not under strict control. Traditionally, the Hawthorne effect
is most evident in increased production on operator-paced jobs. To explore the possibility
of such an effect, we compared production data during the five weeks of the study with
historical and post-study data from the same operators. Only one of the three test sites
experienced any change in production efficiency that could not be directly attributed to
identified outside factors. We attribute the lack of evidence for a Hawthorne effect to at
least two factors. First, great care was taken to make the experimental procedures as
invisible as possible to the operators. Second, the plants in which the studies took place
were relatively innovative and small experiments like this were a typical part of the
operators' jobs.

PHASE III: EXPLORE HIGHER TECHNOLOGY MANUFACTURING TECHNOLOGIES

Some plants, especially the larger ones, are beginning to recognize and address ergonomic
and workstation problems through the introduction of relatively advanced manufacturing
technologies. These include such approaches as job automation, automated materials
handling, ergonomically improved workstations, and the introduction of modular
manufacturing cells. Many of these approaches bring with them new or revisited problems
and challenges for the ergonomist. During this phase of the program, we explored and
documented emerging technologies in the apparel manufacturiAg industry through
experimentation, interviews with equipment manufacturers, apparel manufacturers, and
manufacturing personnel.

8



Automated Materials Handling

In conventional manufacturing operations, boxes of parts and bundles of approximately 40
unfinished garments are carried, dragged, or wheeled on specially designed carts between
workstations. Materials movement is done by the operators, themselves, or by designated
"bundle boys." Automation of this materials handling process has received a significant
amount of attention, perhaps to the detriment of other automation opportunities
(Weissbach, 1986). Various vendors are now introducing automated equipment that is
designed to make this materials handling more efficient.

A unit production system (UPS), a computer-controlled overhead conveyor, may be used to
move hangers of parts or partially. assembled garments from one workstation to the next.
Rather than large bundles of parts, each hanger typically carries the components of a single
garment or a small number of garments.

In one plant that was surveyed," 100 workstations were connected by a typical automated,
ceiling-mounted UPS line that carried individual unfinished garments on hangers. A central
computer tracked each garment as the bar coded hanger passed by a series of bar code
readers on the conveyor line. The garment was automatically moved to the next operation
and routed to one of the sewing operators according to the UPS's preprogrammed logic.
The garment typically was delivered to the appropriate workstation in a queue near the
operator's left shoulder.

Some operators complained about a perceived increase in the noise level and reported
temporary auditory threshold shifts during and after the workday. The noise level peaks at

* the operators' ears, largely produced by impacts between the heavy plastic hangers as they
dropped into the queue for the workstation, was measured at between 95 dB and 97 dB at
a majority of the workstations. These peaks, occurring every few seconds (depending on the
length of the operation cycle at the workstation), were superimposed over a continuous
noi'se level of 82'- 88 dB.

The UPS reduced horizontal reach requirements and all but eliminated heavy lifting by the
operators. It resulted, however, in increased vertical reach requirements and increased
wrist pronation during acquisition of materials. Interviews on body part discomfort with a
sample (n= 12) of operators on the conveyor line indicated slightly higher frequencies of
hand and leg discomfort among this sample than among their counterparts who utilized
conventional materials handling.

Operators on the UPS line expressed dissatisfaction with the "intelligence" of the automated
controller. Although the system was designed to be operator paced, faster operators
reported that they often experienced empty queues at the same tume that work was still
being routed to the slower workers. Other difficulties included "ghost hangers" that had
dropped their bundles somewhere but were still being moved through the system and
counted as units of production.
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Perhaps the greatest problem with the UPS was its lack of flexibility and the difficulty in
making short-term changes in its logic. Slight changes in the production process, for
example reassigning a given workstation to do a different operation for a single day, or
temporarily changing the work flow for a short run of a different product could not be done
economically. This UPS installation was eventually idled and abandoned when the company
changed their product line to a different garment and determined that the UPS could not
cost-effectively be altered to support the new product.

Workstation Automation

Many leaders in the industry believe that a solution for some of the training and ergonomic
problems lies in partial automation of selected manual manufacturing operations.
Automation, for example, can reduce the skill requirements of a complex positioning and
guiding task so that novice operators might reach acceptable levels of production within a
period of days or weeks rather than the several months currently required. Partial
automation can also eliminate many high-risk hand and wrist postures and the frequency of
hand movements, thereby reducing the exposure to common repetitive trauma disorders.

There are significant technological barriers to the introduction of complete automation to
the sewing workstation. Much of the difficulty is due to the nature of the raw material,
fabric. Unlike relatively rigid materials such as metal, plastic, or ceramics, a single ply of
fabric is difficult to push or pull or to hold in position with the degree of accuracy required
in the manufacturing process. Workstation automation, therefore, must (1) concentrate on
operations in which precision is not required, (2) find techniques for making the fabric "act"

* rigid, and (3) use a hybrid approach in which human operators continue to feed and guide
the machines during precise tasks.

Automated cutting machines now being introduced into the industry are programmed to cut
stacks of fabric parts precisely and in a given order from a "spread" of 100 or more plies of
fabric. By creating a partial vacuum under the porous tabletop, air pressure is used to hold
the thick stack of fabric rigidly in place. Cutting of the spread is done automatically by a
cutting blade, cutting at speeds up to 2000 cm/minute, under control of the computer.

Partial automation of sewing operations can eliminate some of the risk factors for C`TDs.
As an example, production of a "felled sean," the kind of double overlapped seam found
on the side of denim jeans, requires an awkward posture of wrists, hands, and fingers to hold
the fabric in position as it is guided through the sewing machine. This job generally requires
over six months of training time and it has a disproportionate incidence of hand and wrist
injuries. In recent years, a folding attachment for the sewing machine has become available
that guides the fabric edges into the appropriate double-overlapped position eliminating
many of the operators' motions and awkward hand postures. A more recent innovation, an
automated felled seamer, simplifies the job even further, allowing the operator to use nearly
neutral wrist and hand postures throughout the operation. In addition to reducing the
incidence of repetitive trauma injuries, this is expected to reduce training time by a
substantial amount (Textile Clothing Technology Corporation, 1989).
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Workstation Adjustability

Numerous ergonomists have recommended the use of tilted tabletops to reduce wrist and
back angles and to improve visibility during sewing operations. A rapidly adjustable
workstation was selected for use in testing this hypothesis. The height of the top was
adjustable between 71 cm and 110 cm (28 in and 43 in). The top surface of the workstation
could be tilted through angles of + 15 degrees through -15 degrees. All adjustments could
be made by the operator using a pair of handles below the work surface controlling two
hydraulic cylinders. In the Southern Tech AMTC, a Pfaff 463 machine was mounted on the
workstation and the operator worked from a seated position.

Tests of the effectiveness of different tilt angles of the work surface were conducted. The
sewing operator assigned to that workstation performed the task at worktable angles of 0
degrees, + 15 degrees, and -15 degrees. Videotapes of back and wrist posture were taken
as the operator worked and the.operator was interviewed at the end of the series of trials.
Results indicated no significant difference in wrist or seated postures that could be ascribed
to the tabletop angle. The operator, however, expressed a strong preference for positions
in which the back of the workstation is tilted upward.

Operator Real-Time Information System

Operators who receive near-real-time information feedback about the level of their
performance might be expected, according to behavioral principles, to improve their
performance. Real-time production management systems are reaching the work floor to
track the location and flow of particular bundles, and the status and performance of
individual workstations. Terminals at each individual workstation are connected to a central
computer system. Managers and supervisors have access to this information to aid in
production management and planning. Similar data may be available on the terminals at
each workstation but it is not easily obtained and interpreted.

GTRI designed and prototyped a real-time display system that would allow the operator to
establish production goals and would provide the operator with continuous information, in
bar-graph form, of progress toward meeting the established goals. A touch-screen system
on the small color monitor could be used to sign on and off, establish goals, change goals,
determine total earnings and projected earnings for the day, and perform other display-
control functions. The real-time display system could be integrated with the information
network on a real-time production management system, like those currently in existence, to
provide these data at selected workstations. The system would be most cost-effective if used
in conjunction with operator training and retraining.

PHASE IV: TRAINING VIDEO AND MANUAL

Based on the results of the research in the first three phases, a 100 page manual and 30
minute video entitled "A Stitch In Time: The Supervisor's Guide to Ergonomics" were
developed as a training package for apparel manufacturing supervisors. Written at
approximately the eighth grade comprehension level both manual and video contain 5
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corresponding sections. The first is entitled "Making the job fit the worker" and provides
a working definition of ergonomics. Section two, entitled" Work station design", focuses on
the relationship between posture and the design of the work station. Section three, "What
are CTDs", is concerned with defining the major cumulative trauma disorders and discussing
the risk factors and possible solutions. Section four, "The work environment", concentrates
on the influence of noise and lighting on worker performance and section five, *Training and
retraining workers", is primarily concerned with training concepts important to the
supervisor.

User testing of the manual at an apparel plant in Georgia suggested that, overall, the
manual was written at the right level. The key feature most often noted by participating
supervisors was the strategic use of pictures to illustrate the concepts. Over 770 companies
and institutions have purchased more than 2100 copies of the training package (Appendix
A contains the latest list of companies). The success of the manual and video has been
largely due to the tremendous publicity both received in a wide variety of publications and
journals (Appendix B contains the list of publications).

PHASE V: MODULAR MANUFACTURING SYSTEMS

There are currently significant efforts under way to eliminate the progressive bundle
assembly-line process and to introduce the concepts of modular manufacturing cells into the
apparel manufacturing workplace. In this concept, a complete garment (or major sub-
assembly) is produced in a modular cell of, perhaps, ten operators and twenty machines.
Operators are not a.ssigned to a single operation but may move between workstations as the

* flow of product requires. Individual workstations are typically shared by two or more
operators. In contrast to traditional management practices, the team of operators in the
cell is responsible for many elements of workflow planning and management, team
formation and interpersonal relations, and product quality. Because modular cells are
rapidly reconfigurable, modular manufacturing has been promoted as an efficient way of
providing a quick response to the common need for a short production run of a particular
product.

Attempts to introduce modular manufacturing have produced inconsistent results with both
notable successes and distressing failures. Anecdotal reports suggest that, after a period of
adjustment, many workers experience significantly decreased levels of musculoskeletal
discomfort due to the increased variety in movements, to improved postures at the standing
workstations, and to motivational factors. Increased morale and workgroup cohesiveness,
along with substantially reduced absenteeism, have also been seen in successful
implementations.

Numerous ergonomic questions and challenges appear during the implementation of the
modular system. Many traditional workstations will need to be redesigned. Increased
adjustability/adaptability will be required for workstations that are shared by two or more
operators. Issues of job design, training, organizational design, performance assessment and
reimbursement will need to be successfully addressed.

1
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As one example of ergonomic issues in workstation design, some implementations of
modular cells have required a switch from a primarily sitting workplace to a primarily. standing workplace because of the need for operators to move between the workstations in
the module. This necessitates redesign of machine controls since the traditional sewing
machine foot treadles are not usable from a standing position and existing standing foot
controllers do not provide the necessary level of sensitivity for precise machine control.
Several designs of new foot-actuated controllers have recently been introduced but none has
proven entirely satisfactory.

In unsuccessful attempts at implementation of modular manufacturing, reduced individual
production is often attributed to the lack of specialization by operators and to less efficient
material handling techniques. Inability to effectively plan and manage production within the
cell, interpersonal problems, and dissatisfaction with new group-incentive pay schemes are
also cited as problems. Other ergonomic problems related ta job, workstation, and
workgroup organization are certain to become apparent as the apparel industry's experience
with modular manufacturing systems expands.

Our data indicate that the overall degree of discomfort reported by standing modular
operators does not differ significantly from that reported by seated operators in progressive-
bundle plants. Standing modular operators report somewhat more foot pain (possibly
related to inadequate control devices) and somewhat less pain in other parts of the body
(related to posture changes). Operators reported that subjectively they noticed a decrease
in musculoskeletal discomfort on moving from bundle to modular processing. For this and
other reasons, operators' preference favored modular systems by a wide margin. There is
nothing in the discomfort reports that would argue against standup modular work.
Substantially more work, however, needs to be done on the development of machine
controllers for standup operators.

CONCLUSIONS AND PROSPECTS

The apparel manufacturing industry in the United States presents significant challenges for
the ergonomist. A large percentage of plants are experiencing marginal profitability and can
afford no more than quick, band-aid solutions to their ergonomic problems. For these
organizations, the ergonomist has much to offer in terms of recommendations for
workstation geometry adjustments, improved seating, and improvements in workstation
lighting and noise protection. Highly motivated plants are able to develop inexpensive and
ingenious solutions to many of the problems that are brought to their attention.

Other, more prosperous organizations are able to experiment with introducing some one or
more of the elements of new technology described above. Ergonomically designed seating
should be a top priority, but companies often need assistance to distinguish between well
designed chairs and those that are "ergonomic" in name only. Other elements of workstation
and materials handling automation are becoming popular but managers can certainly use
the services of an ergonomist to help lead them through the kinds of pitfalls described
above.
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Many plants still operate under an unenlightened management philosophy that rejects the
application of ergonomics practice. Managers fear that it will "plant seeds of suspicion" in
the workforce and lead to increased malingering and frivolous workers' compensation
claims. The authors have frequently heard the opinion expressed that cumulative trauma
disorders are a contagious psychosomatic affliction spread primarily through contact with
union organizers and personal injury attorneys. It is worth noting that even in these plants
the sewing operators have a vague recognition of their ergonomic problems. They need not
be told, for example, that their chairs are uncomfortable and that their backs ache. They
are aware of occupational injuries through media reports and discussions with their
coworkers.

An increasing number of apparel manufacturing plants, however, are adopting a more
enlightened attitude toward ergonomics. A few large companies have added full-time
ergonomists to their management teams; a larger number of companies are using outside
consultants to help organize and support inplant ergonomic projects.

One of the most important roles the ergonomist can play is educating the plant
management, floor supervisors, and workforce. Managers need to be aware of the
importance (for both humanitarian and cost reasons) of a continuous program of
surveillance with a goal of detecting ergonomic problems before they are translated into
acute or cumulative injuries. Plant floor supervisors need to be educated to support this
surveillance program by recognizing symptoms of ergonomic problems including maladjusted
workstations, inadequate seating, inadequate illumination, and high-risk working postures
and motions, by helping to identify intervention strategies and by training workers to do the
same. Ortiz, Kelly, and Davis (1991) have prepared a workbook and accompanying. videotape specifically designed to educate the apparel plant floor supervisor in ways to fulfill
this role.
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PURCHASES OF THE TEXTBOOK AND VIDEOTAPE



A. T. Kearney Advanced Silicon Materials Inc.
Attn.: Wendy Marshall Attn.: T. L. Cummings
1120 Harbor Pointe Parkway 3322 "N" N.E.
Dunwoody, GA 30351 P.O. Box 1667
404-393-9900 Moses Lake, WA 98837-0258

Aalfs Manufacturing, Inc. Advantage Health Inc.
P.O. Box 3567 Atm.: Karen Langford
Sioux City, IA 51102 920 Main, Suite 700

Kansas City, MO 64105
Aalfs Manufacturing, Inc. 816-471-8100
Attn.: Carrie Lierman
Corporate Personnel Assistant Aid Association for Luthema
1005 4th Street, P.O. Box 3567 Printing & Distribution Center
Sioux City, IA 51102 . 3920 North Meade Street

Appleton, WI 54915
Absorbent Cotton Company 414-734-5721
For: Lab
401 Marshall Air Shields, Inc.
Valley Park, MO 63088 Attn.: Bill Sprows
314-225-5151 330 Jacksonville Road

Hatboro, PA 19040
ACCO Swingline 215-675-5200
Attn.: Dave Cohrs
770 South ACCO Plaza Airpax
Wheeling, IL 60090-6070 Woods Road
708-541-9500 Cambridge, MD 21613

Ace Hardware Corporation Akzo Chemicals, Inc.
Attn.: Len Tully Attn.: George Ratter
Safety Operations Manager 300 South Riverside Plaza
2200 Kensington Court Chicago, IL 60606
Oak Brook, IL 60521 312-906-7500
708-990-6600

Alan Buchwald M.D., Inc.
Adams, John See Buchwald M.D., Alan Inc.
EDL

Alan Buchwald M.D., Inc.
Adams Brands Mfg. P.O. Box 2009
40 Bertrand Avenue Santa Cruz, CA 95063-2009
Scarborough, Ontario 408-761-0260
Canada M1L 2P6

Alaska National Insurance Company
Additive Circuits Attn.: Ira Doty
P.O. Box 700, West Lane 7001 Jewel Lake Road
Aquebogue, NY 11931 Anchorage, AK 99502
516-722-4100 907-248-2642

Advanced Ergonomics, Inc. Alba-Waldensian, Inc.
Attn.: Joseph L. Seland, Ph.D. Attn.: Rose C. Church
Vice President 201 St. Germain Avenue, S.W.
5520 LBJ Freeway, Suite 200 P.O. Box 100

* Dallas, TX 75240 Valdese, NC 28690
214-239-3746



Alcon Surgical, Inc. Alper Agency, The
SAttn.: R017515 Insurance/Risk Management

714 Columbia Avenue Attn.: Michael F. Eble
Sinking Spring, PA 19608 60 West Superior Street
215-670-3500 Chicago, IL 60610

312-642-1000
Alderdice, Gail
27 Hirschfield Drive Aluminum Company of America
Williamsville, NY 14221-6805 Atm.: Donald Olsen

P.O. Box 3567
Alexander & Alexander Davenport, IA 52808
Baltimore, MD 319-359-2000

Alexander & Alexander of Missouri Ambassador Book Service, Inc.
Attn.: Terry Schlick , Attn.: Kaye Manson W 111672
Senior Loss Control Consultant 42 Chasner Street
120 South Central Avenue Hempstead, NY 11550
St. Louis, MO 63105 516-489-4011
314-889-9200

American Bag and Linen
Alexsis P.O. Box 8 - Airport Road
See Alexander & Alexander of Missouri Cornelia, GA 30531

404-778-5377
Alliance Automation Systems
400 Trabold Road American & Efird, Inc.
Rochester, NY 14624 Attn.: Denise Kincaid
716-426-2700 P.O. Drawer 5637

Lenoir, NC 28645
Alliant Techsystems 704-754-9066
29745 Alliant Drive
Wilmington, IL 60481 American & Efird, Inc.
Attn.: Barbara Basila Attn.: Michael Scott
815-424-4400 300 Back Street

Mount Holly, NC 28120
American Ergonomics Corporation
200 Gate Five Road, Suite 211 American Fiber & Finishing, Inc.
Sausalito, CA 94965 Attn.: Tina M. Peter

Purchasing Manager
Allied Signal Corporation P.O. Box 200
Attn.: W. W. Charlwood Colrain, MA 01340-0200
P.O. Box 1788 413-624-3456
Columbia, SC 29202

American National Can
Allison Transmission Attn.: Bob Keller
Attn.: Barbara McCall Plant Human Resources Manager
4700 W. 10th St. m/c J2 1300 South River Street
Indianapolis, IN 46222 Batavia, IL 60510
317-242-5000 708-406-3539

Allstate American & Efird, Inc.
Attn.: Gail O'Hara Attn.: Michael Scott
Loss Control Department 300 Back Street
P.O. Box 4027 Mount Holly, NC 28120
Atlanta, GA 30302 704-827-4311



American Standard Inc. Anheuser-Busch, Inc.
*Attn.: David Kiesel 700 East Schrock Road

P.O. Box 279, 324 Fourth Avenue Storeroom
Tiffin, OH 44883 Columbus, OH 43229
419-447-7515

APCO Technical Services, Inc.
American Uniform Company Attn.: Donald Cooper
Attn.: Jimmy R. Kibler 626 Executive Drive
P.O. Box 2130 Willowbrook, IL 60521
Cleveland, TN 37311 708-655-2323
615-476-6561

Appleton Mills
American Yam Spinners Self-Insurers Fund 2100 N. Ballard Road
See AYSA Self-Insurers Fund Appleton, WI 54911

414-734-9876
American Home Bakers, Inc.
Attn.: Mackie Kimbrel ARCO Oil and Gas Company
P.O. Box 14 Attn.: Phyllis McDade, R.N., A.N-P.
Morgan, GA 31766 Occupational Health Services
912-849-4275 600 North Marienfeld

Midland, TX 79701
American Home Foods, Inc. 915-688-5285
30 Marr Street
Milton, PA 17847 Arcon Division
717-742-7261 See American Roller Company

American Textile Manufacturers Institute, Inc. Arctek Corporation, The
Attn.: Suzanne M. Hough Attn.: Connie Holbrook
1801 K. Street, N.W., Suite 900 1 Century Drive
Washington, DC 20006 Gettysburg, OH 45328
202-862-0500 513-447-2241

American Roller Company Argonaut Insurance Company
Arcon Division Attn.: Tom Hilgen
1577 11 th Avenue 250 Middlefield Road
Union Grove, WI 53183 Menlo Park, CA 94025
414-878-3751 415-326-0900

Amicon Division Argonaut Insurance Company
W. R. Grace & Company - Conn. I Bala Cynwyd Plaza
40 A Cherry Hill Drive Bala Cynwyd, PA 190G4
Danvers, MA 01923 Aristokraft, Inc.

AMP-AKZO Corporation Attn.: Mike Schmitt
See Additive Circuits One Aristokraft Square

P.O. Box 420
Angelica Corporation Jasper, IN 47547-0420
10176 Corporate Square Drive 812-482-2527
St. Louis, MO 63132

Armstrong World Industries, Inc.
Angelica Uniform Corporation Attn.: D. Earl Bouder
Attn.: Mr. Darrell Matheny PO. Box 3001

S304 Malcolm Street Lancaster, PA 17604-3001
Savannah, TN 38372 717-397-0611



Armstrong World Industries, Inc. Atlantic Mutual Companies
Attn.: W. A. Smith, Room 238A Attn.: Bob Morris
Research & Development Loss Control Supervisor
2500 Columbia Avenue Two Piedmont Center, Suite 100
P.O. Box 3511 3565 Piedmont Road, N.E.
Lancaster, PA 17604 Atlanta, GA 30363-0401

404-261-5582
Arnold, Lamptene
2125 Pepperidge Drive Augusta Regional Office
Augusta, GA 30906 Attn.: Elliott Price
404-793-3030 Ext. 244

Avon Products, Inc.
Artco Bell Corporation Attn.: Mike Murphy
Attn.: Ray Clark Systems
312 Pecan Trail 6901 Gold Road
Belton, TX 76513 Morton Grove, IL 60052
817-778-1811

AYSA Self-Insurers Fund
Arvin N.A.A. Gladstone Plant Attn.: Marion L. Crolley
Attn.: Mark D. Frazier Director of Loss Control
P.O. Box 3002 P.O. Box 99
Columbus, IN 47202 Gastonia, NC 28053
812-378-9324 704-824-3522

ASAA Technologies, Inc. B & L Industries, Inc.
Attn.: Jenny Bushner Marketing Division

* 2907 North 21 Street, P.O. Box 386 Attn.: Marjorie Groszkruger
Sheboygan, WO 53082-0386 President
414-457-1900 1329 Plum

Lincoln, NE 68502
Association of American Railroads 800-544-5299
Attn.: Todd Brown
Research Engineer Babyfair
Safety Research Division 3611 14th Avenue
Research and Test Department Brooklyn, NY 11218
50 F Street, N.W.
Washington, DC 20001 Back School of Atlanta
202-639-2279 Attn.: Greg E. Williams

Administrative Assistant
AT&T 1465 Northside Drive, Suite 217
Omaha Works Atlanta, GA 30318-4212
P.O. Box 37000 404-355-7756
Omahan, NE 68137

BackCare Corporation, The
Atlanta Attachment Company, Inc. Attn.: Francie Morse
Attn.: Jerry Taylor 200 S. Desplaines Avenue
401 Industrial Park Drive Chicago, IL 60661
Lawrenceville, GA 30245 312-258-0888

Atlantic Mutual Companies Bailey, Marty
Attn.: Paul Doman
Loss Control Supervisor Baldor Motion Products Group
525 West Monroe St., Suite I 110 5205 Highway 169 North
Chicago, IL 60661-3617 Plymouth, MN 55442



Balon Corporation Best Lock Corporation
Attn.: Larry Wells Ain.: J. Kriner
3245 South Hattie Safety
Oklahoma City, OK 73129 6161 E. 75th Street
405-677-3321 Indianapolis, IN 46250

317-849-2255
Barber-Colman Company
Park Plant, Dock 1 Beta Production, Inc.
1354 Clifford Avenue Attn.: Paul M. Bethea
Loves Park, IL 61111 Plant Manager
815-877-0241 2137A Flintstone Drive

Tucker, GA 30084
Bard Urological Division 404-938-9952
C. R. Bard, Inc.
8195 Industrial Blvd. . Betancourt, Mariana
Covington, GA 30209-2695 234 Peachtree Hollow Ct.

Atlanta, GA 30328
BASF Corporation
Attn.: Accounts Payable Bevco Precision Manufacturing Company
Highway 160 Attn.: Mark Pannell
Lowland, TN 37778 831 Chicago Avenue

Evanston, IL 60202-2393
Bassett-Walker 708-328-4254
Attn.: Steve M. Wright
Walker Road BHP
P.O. Box 5423 P.O. Box 86A
Martinsville, VA 24115-5423 Melbourne, Vic. 3001Q 703-629-2535

Bibb Company, The
Battelle, Pacific Northwest Labs Attn.: Tandy W. Fitts
Attn.: Cheryl Gregg P8-55 Industrial Relations Manager
1163 Stevens Drive P.O. Box 1100
Richland, WA 99352 Roanoke Rapids, NC 27870
509-376-0013

Bibb Company, The
Beehive Clothing Mfg. Attn.: Cliff Holcombe
3880 West 1820 South P.O. Box 595
Salt Lake City, UT 84104 Porterdale, GA 30270
801-240-3939 404-786-2610

Belding Corticelli Thread Company Bibb Company, The
Attn.: Kelly A. DiUlio Attn.: Gray Poe
107 Providence Street P.O. Box 155
Putnam, CT 06260 Sargent, GA 30275
203-928-2784 404-253-0177

Belleville Shoe Manufacturing Company Bic Corporation
P.O. Box 508 Attn.: Jim Mancini
Belleville, IL 62222 500 Bic Drive, Plant 5, Gate 6

Milford, CT 06460
Best Power Technology, Inc. 203-783-2000
P.O. Box 280

* Necedah, WI 54646
608-565-7200



* Biddeford Textile Company Bombardier Inc.
Attn.: S-21 (D. Barron) 565 Rue De La Montagne
"P.O. Box 624 Reception Usine I
Biddeford, ME 04005 Valcourt (PQ) Canada
207-282-3376 JOE 2L0

514-532-2211
Biltwell
P.O. Box 700 Boys Town National Research Hospital
Michigan City, IN 45360-0700 Attn.: Rev. James Radde, S.J.

555 North 30th Street
Blache, Klaus M. Omaha, NE 68131
1760 Old Homestead
Rochester Hills, MI 48306 Bremen-Bowdon Investment Company

Attn.: Wzinen P. Sewell, Jr.
Blackwell Sanders Matheny Weary & Chief Executive Officer
Lombardi 3216 Glen Arden Drive, N.W.
Attn.: Debbie Lowe Atlanta, GA 30305
Two Pershing Square 404-258-3315
2300 Main Street - Suite 1100
Kansas City, MO 64108 Brentex Mills Inc.
816-274-6812 Attn.: Sheryl Rauch

Safety Secretary
Blose, Dana N. P.O. Box 770
613 Sheppard Road Cuero, TX 77954
Stone Mountain, GA 30083 512-275-2393

Blount Canada, Ltd. Bridges Project
Attn.: Sandra Neale Attn.: Brien Benrard
505 Edinburgh Rd. N., P.O. Box 630 c/o TransCen, Inc.
Guelph, Ontario 234 North Washington Street
NIH 6L4, Canada Rockville, MD 20850
519-822-6870

Bristol-Myers Products
Bob Counce & Associates Attn.: Wayne Quigg
Attn.: Robert B. Counce Processing Department
6733 Post Oak Road 9707 Chapel Hill Road
Peoria, IL 61615 Morrisville, NC 27560
309-692-4256 919-467-3500

Bobbin Magazine British Columbia Telephone Company
Attn.: Ms. Lisa Cedrone Business Library
P.O. Box 1986 5-3777 Kingsway
Columbia, SC 29202 Burnaby, B.C.

V5H 3Z7
Boeing Commerical Airplane Group, The
Attn.: W. R. Bums Broan Mfg. Co., Inc.
P.O. Box 3707, M/S OH-14 Attn.: Mr. Tim Wagar
Seattle, WA 98124-2207 926 W. State Street

Hartford, WI 53027-1098
Boise Cascade Paper Group 414-673-4340
Attn.: J. Remley
Rumford Mill Brodnax Mills, Incorporated

* Rumford, ME 04276 P.O. Box A
207-364-4521 Brodnax, VA 23920-0069



Brown Shoe Company C. S. Brooks Corporation
- Attn.: David J. Rutko%, ski Attn.: Lois A. Hackney

P.O. Box 354 Manager Benefits & Safety Administration
St. Louis, MO 63166 P.O. Box 516
314-854-4000 Nashville, TN 37202

615-350-7400
Buchwald, Alan M.D., Inc.
See Alan Buchwald M.D., Inc. C. & J. Clark America, Inc.

Attn: Mr. John M. Hull
Buckminister, E. C. (Mr.) 440 North Madison Street
4944 Mc Farland Drive Hanover, PA 17331
Fairfax, VA 22032

Cady Bag Company
Bulk Pack, Inc. Attn: Buck Morris
Attn.: Mr. Mike Broyles P.O. Box 68, Old Douglas Highway
1501 Commerce Blvd. - Hwy. 75A Pearson, GA 31642
Denison, TX 75020
800-643-1568 California Connection Inc.

170 West 39th Street
Bundenthal, Tabitha Los Angeles, CA 90037
215 Springdale Drive, N.E. 213-233-4251
Atlanta, GA 30305

Calsonic Climate Control Inc.
Burlington Industries, Inc. Attn: Liz Thompson
Burlington House Area Rugs - 0117 9 Holland
Attn.: Steve Pigott Irvine, CA 92718-2598
Mill & Shelton 714-855-8050O Monticello, AR 71655

Caltherm Corporation

Burlington Industries, Inc. 2025 Franklin Road
Bi Med/Safety/Ind Hyg Bloomfield Hills, MI 48013
Attn.: J. Morgan
3330 W. Friendly Avenue Calvin Clothing
P.O. Box 21207 Attn: Gabriel J. Milonni
Greensboro, NC 27420-1207 64 Conduit Street, P.O. Box F-820

New Bedford, MA 02742
Bussmann 508-996-8511
Attn.: David H. Hunter
Employee Relations Manager Cambridge Hospital, The
210 Dixie Trail Attn: Cathy Schwartz
Goldsboro, NC 27530 1493 Cambridge Street
919-734-3900 Cambridge, MA 02139

617-498-1580
Butler, Cindy P.
4384 Dunmore Road Campbell Soup Company
Marietta, GA 30068 Attn.: Jim Mork

6200 Franklin Boulevard
BWC - Resource Center Sacramento, CA 95824-3499
Attn.: Rosemary Larkins
30 West Spring Street, Level 3 Campbell Soup Company
Columbus, OH 43266-0581 Attn.: Jim Jackson

West Road & Isabella Streets
Salisbury, MD 21801
410-543-7628



Canon Carhartt, Inc.
Attn: Laura Sinnott Attn: Jerol Vaughn
12000 Canon Boulevard P.O. Box 248, Highway 49W
Newport News, VA 23606-4299 Drew, MS 38737
804-881-6000

Carleton Woolen Mills, Inc.
Cap America Attn.: Lucille Turner, R.N.
Atn: Larry Pratte P.O. Box 317
100 South Chamber Drive Winthrop, ME 04364
Fredericktown, MO 63645 207-377-2291
314-783-3394

Caron International
Capital Area Community Health Plan, Inc. Attn: Kevin Sudbury
1201 Troy Schenectady Road 150 Avenue E
Latham, NY 12110 Rochelle, IL 61068-1002
518-783-1864 815-562-4121

CarboMedics Caron International
Attn: Joy Fisher Attn.: Kevin Sudbury
1300 B East Anderson Lane 150 Avenue E
Austin, TX 78752 Rochelle, IL 61068-4121
512-873-3219 815-562-4121

Carefree of Colordo Carousel Carpet Mills, Inc.
Atm: Pat Jensen Attn: Steve L. Payetta
2145 West 6th Ave. I Carousel Lane. P.O. Box 664 Ukiah, CA 95482
Broomfield, CO 80020 707-485-0333
303-469-3324

Carriage Industries Inc.
Carhartt, Inc. Attn: Thresia Williams
Atm.: Vicki Hammond P.O. Box 12542
Highway 41A North Calhoun, GA 30703
Providence, KY 42450

Cascade Employers Association, Inc.
Carhartt, Inc. Attn: John R. Kirk
Attn: David Newton 3747 Market Street N.E.
P.O. Box 88 Salem, OR 97301
Irvine, KY 40336 503-585-4320
606-723-2125

Celanese Canada Inc.
Carhartt, Inc. Attn.: E. A. Kent
Attn: Roger Hopkins C.P. 580 P.O. Box - J2B 6W7
Highway 56 East, R.R. #1, Box 60 2575, boul. St-Joseph blvd. J2B 7V4
Sebree, KY 42455 Drummondville, P.Q., Canada
502-835-2375 819-478-1451

Carhartt, Inc. Centel
Attn: Janey Miller Attn.: June Thomas
687 Industrial Road Safety Department
Edmonton, KY 42129 2004 Miner Street
502-432-7528 Des Plaines, IL 60016



Central Washington University Chem-tronics
* Attn.: Juan P. Robertson, Ph.D. Attn.: Carolyn J. Siberell, R.N., B.S.N.

Adjunct Professor P.O. Box 1604
3541 Canterbury Lane El Cajon, CA 92022
Kent, WA 98032 619-258-5290
206-852-1988

Cherokee Hosiery Mills, Inc.
Centre Manufacturing Company Attn.: Gary Kidd, Personnel Manager
Attn.: Warren B. Dotson, Jr. P.O. Box 708
Vice President Fort Payne, AL 35967
800 Cedar Bluff Highway 205-845-0004
Centre, AL 35960-0579

Chesapeake Paper Products Company
Champion Products, Inc. Attn.: Dave DuPuis
Attn: A.G. Finch ,. P.O. Box 311
700 W. Main Street West Point, VA 23181
Clayton, NC 27520

Chicago Truck Drivers, Helpers & Warehouse
Champion Products Inc. Workers Union
Attn: Maurice Evans, Jr. Attn: Michael T. Kucharski
P.O. Box 67 809 West Madison Street
700 West Main Street Chicago, IL 60607
Clayton, NC 27520 312-738-3920
919-553-2181

Chicago Metallic
Charbert, Inc. Attn.: Brent Bozile
Attn: Robert Anderson, Jr. 800 Ela Road
Church Street Lake Zurick, IL 60047
Alton, RI 02894

Ciba Vision Corporation
Charles Brooks Associates, Inc. 11460 Johns Creek Parkway
Attn.: Mr. Archie D. Dixon Duluth, GA 30136
6831 -D Fairview Road
Charlotte, NC 28210-3386 Clark County School District

Rehab/Modemization
Charles Gilbert Associates, Inc. 4260 Eucalyptus Annex
Attn.: Charles S. Gilbert Las Vegas, NV 89121
President
P.O. Box 70427 Cleveland Chair Company
Marietta, GA 30007 Atm: Lloyd Ellis
404-642-1704 P.O. Box 159

Cleveland, TN 37311
Charles Gilbert Associates, Inc. 615-476-8544
Attn.: Bob Lowder
308 Windsong Drive Cliftex Corporation
Gastonia, NC 28056 Attn: Raymond G. Fuerschbach

194 Riverside Ave.
Chase Packaging Corp. P.O. Box 7919
Attn: Don E. Grothe, Jr. New Bedford, MA 02742
2550 N.W. Nicolai St. 508-999-1311
Portland, OR 97210
503-228-4366



CMS Division Cone Mills Corporation
Attn.: Ms. Joan Horst Attn.: Ken Blake
Marketing Manager 1201 Maple Street
Gerber Garment Technology, Inc. Greensboro, NC 27405
P.O. Box 769
Tolland, CT 06084-0769 Console Systems Inc.

Attn.: Theresa Montoya
CNA Insurance Companies 6357 Arizona Circle
Attn.: John Ashman Los Angeles, CA 90045
Midwest Region Loss Control
1411 Opus Place / 6th Floor Consolidated Diesel Company
Downers Grove, IL 60515 P.O. Box 670, U.S. Highway 301

Whitakers, NC 27891
CNA Insurance Companies 919-437-6611
Attn: Don Joyner
CNA Plaza - 36S Constangy, Brooks, & Smith
Chicago, IL 60685 Attn: William K. Principe
822-5676 Suite 2400

230 Peachtree Street, N.W.
CNA Insurance Atlanta, GA 30303-1557
Attn: Drew Sneddon 404-525-8622
8403 Colesville Rd.
Silver Spring, MD 20910 Continental Insurance Company, The

Attn.: David Mahone
CNA Insurance Companies Department 2B
Attn: Bill Morris 1 Continental Drive
Eastern Regional Office Cranbury, NJ 08570-2103
9 Entin Road
Parsippany, NJ 07054 Cooper Industrial Products

Attn.: Carol Musser
Coats & Clark Inc. Divisional Quality Assurance
Attn.: Mike Bell 725 West Eleventh Street
901 Clark Avenue Auburn, IN 46706
Albany, GA 31705 219-925-0700

Collins & Aikman Cooper Industries
Attn.: Anna M. Wyke Wagner Lighting
Property/Casualty Analyst Attn.: Linda A. Feig
Science & Service Division Employee Relations Assistant
P.O. Box 32665 2nd & Jefferson Street
Charlotte, NC 28232 Boyertown, PA 19512
704-547-8500 215-367-2604

Combustion Technologies Inc. Coopertools
Attn: Richard J. Breese Crescent / Xcelite Plant
4515 Cantrell Road Sumter, SC
Flowery Branch, GA 30542
404-967-2300 Corbin, Ltd.

151 West Lynn Avenue
Community Memorial Hospital Ashland, KY 41102
Attn: Harriet Evans
1002 Comstock Drive Courtright, John F.

* Deer River, MN 56636 1029 Jefferson St., N.E.
218-246-2902 Albuquerque, NM 87110



Coutts Library Services Inc. Dalton College
736 Cayuga Street Jane Secord, Bookstore Manager
Lewiston, NY 14092 213 North College Drive

Dalton, GA 30720
Creaciones Pop, S.A. de C.V. 404-272-4418
Attn: Jamie Darwich Agami
Calle 28 No. 90-A Dan River Inc.
Col. Federal Attn.: C. W. Ezell
15700 Mexico D. F. P.O. Box 261

Danville, VA 24543
Creation Windows, Inc.
Attn: M. Anderson Dan River Inc.
131 Ben Burton Circle Attn.: C. W. Ezell
Bogart, GA 30622 Director of Safety
Critikon ,P.O. Box 261

Danville, VA 24543
Attn: Herbert E. Brown
West Queen Street Dayton Bag & Burlap Company
Southington, CT 06489 Attn.: Carrie E. Magoto
203-621-9111 322 Davis Avenue

Dayton, OH 45403
Crown Crafts, Inc. 513-258-8000
Attn: Ray Alexander
Edmond Street DBH Ltd., Inc.
Calhoun, GA 30701 Attn.: Bob Hicks
404-629-7941 P.O. Box 315

158 Sunrise Drive
Current Inc. Adamsville, TN 38310
Attn.: Nurses Station 800-852-3026
1025 E. Woodman Road
Colorado Springs, CO 80920 Defense Logistics Agency

Attn.: Ann Lawrence
DCS & Associates, Inc. Production Division
Attn.: Dale C. Spencer Cameron Station
President Alexandria, VA 22304-6100
121 E. Rosewood Avenue
Alamo Office, Suite 100 Delco Electronics
Boerne, TX 78006 Attn.: K. C. Crombie, E104

6767 Hollister Avenue
Dal-Tile Corporation Goleta, CA 93117
Attn.: Doug Orner
211 N. Fourth Street DtLong, Inc.
Gettysburg, PA 17325 Attn.: Allen Hillgartner
717-334-1181 733 Broad Street

Grinnell, IA 50112
Dallco Industries Inc.
Attn.: Nancy L. Traxler Dentsply/York Division
Director of Safety and Health Attn.: S. E. Emig
P.O. Box 2727 P.O. Box 872
York, PA 17405-2727 York, PA 17405-0872
717-854-7875 717-845-7511

S



Desa International Dorsey, Charles
Attn.: Dave Keown
P.O. Box 90004 Duck Head Apparel CompanyBowling Green, KY 42102 220 East Athens Street

Winder, GA 30680
Design Organization, Inc.
103 E. Indiana Avenue Duke University
Valparaison, IN 46383 Attn.: Dr. Samuel D. Moon

Bay B 102
Detroit Receiving Hospital Erwin Square
Attn.: James Russell, R.N. Occupational Medicine
4201 St. Antoine Durham, NC 27710
Detroit, MI 48201

Dundee Mills, Inc.
Diesel ReCon Company Attn.: Mike Petruna
Attn.: Nina Harris Corporate Safety Director
2680 Pershing Avenue P.O. Drawer E
Memphis, TN 38112 Griffin, GA 30224
901-320-3200 404-227-5581

Disneyland Dundee Mills Inc.
Attn.: C. Piszczek, Safety
1020 W. Ball Rd., Bldg. 200 Dyersburg Fabrics Inc.
Anaheim, CA 92802 Attn.: Mark Jamison
714-999-4000 P.O. Box 767

East Phillips Street
Ditzel Communications Dyersburg, TN 38025-0767
Attn.: David L. Ditzel 901-285-2323
President
7929 Liberty Road Dynabrade, Inc.
Baltimore, MD 21207 DBWO1
301-655-8858 8989 Sheridan Drive

Clarence, NY 14031Dixon, Archie D. 716-631-0100
3720 Wolf Pond Road
Monroe, NC 28110 E. F. Johnson Company

Attn.: Annette K. Lord, R.N.
Dominion Yarn Corporation Occupational Health Nurse
Attn.: Michael W. Stokes P.O. Box 1249
Corporate I.E. Manager Waseca, MN 56093-0514
P.O. Box 8105 507-835-6222
Landis, NC 28088-8105
704-857-1121 E. R. Moore Company

Attn.: Zoe LarkinDon Brown Productions 1810 West Grace Street
Attn.: Don Brown Chicago, IL 60613
867 N. Main Street
Orange, CA 92668 E. 1. Du Pont De Nemours & Co., Inc.

Sabine River Works
Don'l Inc. P.O. Box 1089
PO Box 666 Orange, TX 77631-1089
Highway 441 North

* Clayton, GA 30525
404-782-4241



E-Z-Go, Textron Employers Casualty Company
* Attn.: Penny C. Smith Attn.: Dean Duncan

P.O. Box 388 Director, Technical Resource Center
Augusta, GA 30913 P.O. Box 2759

Dallas, TX 75221
Eastwood Environmental Inc.
Misko Maynard Engelhard Corporation
4326 N.E. Killingsworth Attn.: Charles H. Hatfield
Portland, OR 97218-2446 Area Safety Manager

Specialty Chemicals Division
EBI Companies McIntyre, GA 31054
Attn.: Carl R. Rockstroh, CSP 912-946-7536
Four Greenwood Square
3325 Street Road, Suite 220 Ennis Lumsden Boylston & Associates, Inc.
Bensalem, PA 19020 Attn.: Edith Eubanks
215-245-0600 Office Manager

605 Eastowne Drive
EBI Companies Chapel H:11, NC 27514
Attn.: Lora Wernsman 919-967-2228
Loss Control Clerk
P.O. Box 90349 Environmental & Safety Services, Inc.
Indianapolis, IN 46290-0349 Attn.: David Schemenauer
317-575-0989 P.O. Box 7305, Department 141

Kansas City, MO 64116
Edwards, Barbara R.N. 816-459-4100
1600 Mockingbird Lane
Southlake, TX 76092 Environmental Technology Connection, Inc.

Attn.: Harold Trenouth
Efficient Engineering Co., Inc. VP Operations
Attn.: Russel Kennedy 118 Great Road, Suite 220
130 Town Center Drive Stow, MA 01775
Troy, MI 48084-1723 508-897-4462

EG&G Rotron Epstein Becker Mulkeen & Green
Custom Products Division Attn.: Robert A. Dye
Woodstock, NY 12498 1875 Century Park East
914-679-2401 Los Angeles, CA 90067-2501

213-556-8861
ElectriCities of North Carolina, Inc.
Attn.: Library Ergo International
P.O. Box 29513 Attn.: Ben
Raleigh, NC 27626-0513 361 N. Bernoulli Circle

Oxnard, CA 93030
Electronics & Space Corporation 818-504-0020
Attn.: Evelyn Horkman
8100 W. Florissant ESCOD Industries
Sta. 2492 Attn.: David Byers
St. Louis, MO 63136 Royal Gorge Industrial Park
314-553-3691 Canon City, CO 81212

719-275-7595
Elf Atochem North America, Inc.
17168 W. Jefferson Avenue

* Riverview, MI 48192-4270



Esselte Meto Fenton Art Glass Company
*Attn.: D. Howard Randall Attn.: Mike Fenton

6750 Belt Circle Drive 700 Elizabeth Street
Bedford Park, IL 60638 Williamstown, WV 26187
708-594-4433

Fieldcrest Cannon, Inc.
Evanston Hospital Attn.: A. Lee Ivester
c/o Receiving Department One Lake Drive
2700 Girard Avenue Kannapolis, NC 28081
Evanston, IL 60201

Fieldcrest Cannon, Inc.
Excel Corporation Attn.: Louis Dew

Blanket Finishing Mail
Express Cororate Workspace Warehouse Street
4303 Pleasantdale Road ,. Eden, NC 27288
Doraville, GA 30340
404-263-0789 Fieldc-est Cannon, Inc.

Attn.: Peggy G. Martin, R.N., C.O.H.N.
Fairfield Chair Company Office Director, Employee Health Programs
Attn.: Dody Lackey 326 E. Stadium
1331 Harper Avenue, S.W. Eden, NC 27288
Lenoir, NC 28645
704-758-5571 Findlay Industries, Inc.

Attn.: Martin Terry
Farber Bag & Supply Company 4000 Fostoria Road
Attn.: Jim Farber Findlay, OH 45840
8733 Kapp Drive 419-422-1302S~ Peosta, IA 52068

Fireman's Fund Insurance Company
Farm Fresh Catfish Company Attn.: Ron Manford
P.O. Box 85 Regional Loss Control
Hollandale, MS 38748 P.O. Box 888699
601-827-2204 Atlanta, GA 30356

404-399-7019
Fashion Institute of Technology
Attn.: Library Fireman's Fund Insurance Company
227 West 27th Street Attn.: Mr. Wayne Weirich
New York, NY 10001 Loss Control Supervisor

4435 Waterfront Dr., Suite 100
Fayetteville Manufacturing Corporation Glen Allen, VA 23060
P.O. Box 1359
Fayetteville, NC 28302 Firestone Fibers and Textiles Company

Attn.: Bill Passmore
Felton Brush Inc. 1101 W. Second Avenue
Attn.: Sandy Brucher P.O. #JB 15451
315 Wilson Street Gastonia, NC 28053-1278
Manchester, NH 03105-0538
603-669-1970 First National Bank of Griffin

Attn.: Carol M. Jones
Fender Musical Instruments Corp. Personnel Officer
Attn.: Al Guzman P.O. Drawer F
1163-A Pomona Road Griffin, GA 30224S Corona, CA 91720 404-227-2251
714-734-8530



Flexsteel Metal Division Garan. Attn.: Gary Koehler 350 Fifth Avenue
3400 Jackson Street New York, NY 10118-10164
Dubuque, IA 52001 212-563-2000

Flow Design Garvey Corporation
8908 Governors Row William J. Garvey, Vice President
Dallas, TX 75247-3798 Route 73
214-631-0011 Blue Anchor, NJ 08037

Foreign Broadcast Information Service Gas Company, The
Suite 163 Lyn Berman
201 Elden Street 555 W. Fifth Street
Herndon, VA 22070 Los Angeles, CA 90013-1011
703-733-6547 213-244-3245

Forster Manufacturing Co., Inc. Gasboy
Attn.: Nancy Morgan Raymond A. Geiger
Safety & Workers' Compensation Supervisor 8th Street & North Valley Forge Road, P. 0.
P.O. Box 657 Box 309
Wilton, ME 04294-0657 Lansdale, PA 19446-0309
207-645-2574 215-855-0341

Fort Howard Corporation Gem-Dandy, Inc.
1919 S. Broadway P.O. Box 657
Green Bay, WI 54304 202 E. Murphy Street
91-9767 Madison, NC 27025
414-435-8821 919-548-9624

Fred Jones Manufacturing Company Gemini Industries Inc.
Main Street and Fred Jones Avenue Mr. Boyle, Assist VP Eng.
Oklahoma City, OK 73125 215 Entin Road

Clifton, NJ 07014
Freitex, Inc. 201-471-4425
1300 W. Oakridge Drive
Albany, GA 31708 Gendron, Inc.
912-436-7266 Frederic W. Strobel, VP Operations

PO Box 197 Lugbill Road
Friedman Bag Company, Inc. Archbold, OH 43502
Attn.: Alvin Lanfeld, President 419-445-6060
P.O. Box 866004, Terminal Annex
Los Angeles, CA 90086-6004 General Dynamics/SSD
213-628-2341 Elane Briggs

5001 Kearny Villa Rd.
Fruit of the Loom Canada, Inc. MZ K1-7146
Attn.: Robert Lamothe R-08193 San Diego, CA 92123
3200, Chamberland
Trois-Rivieres (Quebec) General Service Administration
819-379-7631 Debbie Hogan

Telecommunication Division
Garnet, John 4KMP
150 Crescent Knoll Dr. 401 W. Peachtree Street
Libertyville, IL 60048 Suite 2700

Atlanta, GA 30308



General Dynamics Glendale Adventist Medical Center
* Pomona Division-Navajo Facility Jean Ehret

Box 679 600 South Glendale Avenue
Ft. Defiance, AZ 86504 Glendale, CA 91205-2316
602-729-5711 818-502-2050

General Electric Global Wulfsberg Systems
Walter R. Guenthes Gary Levesque
I Lakeville Ave. 6451 Air Park Drive
Burlington, VT 05401 Prescott, AZ 86301

602-445-5711
Georgia Tech Research Institute
Melanie Largin Granite Knitwear Corporation
Georgia Institute of Technology Attn.: Robert Wade
1 Reservation Street P.O. Box 498
Rome, GA 30161 Granite Quarry, NC 28072-0498
404-295-6008

Grant City Manufacturing Corporation
Gerber Garment Technology, Inc. Old Highway 169 North
See CMS Division Grant City, MO 64456
Gibson, Dunn & Crutcher Lawyers
Sue Unger, Librarian Great West Casualty Company
1050 Connecticut Avenue, N.W. Orin Selby, Manager, Office Facilities
Washington, DC 20036-5303 1100 W 29th Street
202-955-8500 P.O. Box 277

South Sioux City, NE 68776
Gibson, Dunn & Crutcher 402-494-2411
Attn.: Mr. Erin Mack
1050 Connecticut Avenue, N.W. Greenfield Industries, Inc.
Suite 900 PO Box 2587
Washington, DC 20036 Augusta, GA 30913

404-863-7709
Giddings & Lewis
Margaret M. McMahan, Production Grizzard Advertising Inc.
Development, Secretary Human Resourses
Integrated Automation 1144 Mailing Avenue, S.E.
17801 Fourteen Mile Road Atlanta, GA 30315
Fraser, MI 48026
313-293-300 Gross Galesburg Co.

Richard A. Linville
Gips Manufacturing Company 2900 W. Main St.
P.O. Box 100 Galesburg, IL 61401
401 Randall Street 309-343-1191
Hartwell, GA 30643
404-376-8001 GTE Glass Products

Candace M. Clark
Glen Raven Mills, Inc. I Jackson Street
T. Marett Wellsboro, PA 16901
Custom Fabrics Division
Equinox Plant Gunn, Richard
200 Jackson Street 2341 Chestnut Springs Trial
Anderson, SC 29621 Marietta, GA 30062

404-578-4891
404-395-4973



Hag, Inc. Harvard Industries
* Mile Lonergan, VP Sales & Marketing Gene Robinson - St. Louis Diecasting Division

108 Landmark Dr. 201 Rock Industrial Park Drive
Greensboro, NC 27409 Bridgeton, MO 63044
919-668-9544 314-291-3700

Haggar Apparel Company Haworth, Inc.
Elaine Moore Joe Zobkiw
6113 Lemmon Ave. One Haworth Center
Dallas, TX 75209 Holland, MI 49423-9576
214-956-0438 616-393-3000

Hampshire Hosiery, Inc. Haworth, Inc.
Denise 0. Pittman, Office Manager Elenore Morris, Plant Secretary
PO Box 528 640 River Street
Spruce Pine, NC 28777 Allegan, MI 49010
704-765-9011

Hazcon Inc.
Hamrick Mills 4636 E. Marginal Way, South Ste 215
PO Box 48 Seattle. WA 98134
515 W. Buford St. 206-763-7364
Gaffney, SC 29340
803-489-4731 Health & Safety Department, ILGWU

275 7th Avenue, 6th Floor
Harbor Resources, Inc. Attn.: Nelsa Williams
Dixie Ashburn New York, NY 10001
900 Circle 75 Pkwy.
Suite 205 Hedger, Rose Mary
Atlanta, GA 30339 1120 W. Walnut

Kankakee, IL 60901
Harland Company
Sid Berkstresser Helios Container Systems, Inc.
Industrial Engineering Department Attn.: Margo Kapsalis
P.O. Box 105250 251 Covington Drive
Atlanta, GA 30348 Bloomingdale, IL 60108
404-981-9460

Henricksen Complete Office Interiors
Harris Manufacturing, Inc. Christine-Marketing
112 S. Main Street 1070 W. Ardmore Ave.
Smyrna, DE 19977 Itasca, IL 60143

708-250-9090
Harris / RF Communications
Jean Randolph, Medical Dept. Hercules Incorporated
1680 University Ave. Kenvil, NJ 07847
Rochester, NY 14610
716-244-5830 X3496 Herman Miller, Inc.

Attn.: Gretchen Gscheidle 0440
Hart Schaffner & Marx 8500 Byron Road
Donald Shorr Zeeland, MI 49464-9399
101 North Wacker Drive 616-772-3300
Chicago, IL 60606
312-372-6300 Herron, R.E.

1916 Navajo Drive
Fort Collins, CO 80525



Hill-Rom Hollowick Inc.
Karla Shoemaker Alan Menter, President
Ritter Plant, Hwy. 46 PO Box 305
Batesville, IN 47006 Manlius, NY 13104
812-934-7554

Holly Milk
Hillshire Farm & Kahn's Rosemary Giancoli
PO Box 227 632 Park Drive
New London, WI 54961 Carlisle, PA 17013
414-982-2611 717-486-7000

Hist. Regency Crown Center Hollytex Carpet Mills, Inc.
Ann Lawrence Jim Harris, Personnel Supt.
2345 McGee St. PO Box 585, Highway 33
Kansas City, MO 64108 Watonga, OK 73772

405-623-7356
Hoag, Darlene, RN
191 Juniper Dr. Home Insurance Company
Freehold, NJ 07728 William Keppel
908-462-3967 PO Box 105026

Atlanta, GA 30348
Hoechst Diafoil 404-980- 8269
Mary F. Griffin, RN, COHN
PO Box 1400 Home Insurance Company
Greer, SC 29652 James Siels
803-879-5000 60 John St., 20th Floor

New York, NY 10038
Hoechst Celanese Corp. 212-530-7477
Lynda Wiesman
Route 202-206 North Home Insurance Co.
Somerville, NJ 08822 Michael K. Home, Service Specialist

PO Box 33222
Hoechst Celanese Charlotte, NC 28233
Marcia Kraus, Supervisor 704-364-2200
Health Services, Bldg. JO10
Route 202-206 North, PO Box 2500 Home Insurance Company, The
Summerville, NJ 08876 Attn.: T. C. Hibbard

Loss Control Department
Hoechst Celanese 20th Floor
PO Box 440 New York, NY 10038
Pearisburg, VA 24134 212-530-6918

Hollander Home Fashions Corp. Home Insurance Company
Ms. Jo-Ann Benlain, Asst. to Jeff Hollander, Donald J. Jackson, Manager
Sr. VP Mfg. GNYO Loss Control
6560 West Rogers Circle 80 Pine Street
Boca Raton, FL 33487 New York, NY 10005

Hollander Home Fashions Corp. Homelite Textron
Jo-Ann Benlian, Asst. to Jeff Hollander, Exec. Lynn C. Welborn, Section Mgr, Ind Eng Little
VP Mountain Rd
6560 West Rogers Circle PO Box 1788SBoca Raton, FL 33487 Gastonia, NC 28053
407-997-6900 704-864-4571



Honeywell Indiana Precision Technology, Inc.
Defense Avionics Systems Division 400 West New Road, PO Box 668
9201 San Mateo Blvd., NE Greenfield, IN 46140
Albuquerque, NM 87113-2227 317-462-3015

Horton Manufacturing Co., Inc. Industry Week
Mary Lou Shutt Mike Verespej
26837 Industrial Ave. Diamond Bldg.
PO Box 368 1100 Superior Ave.
Webster, WI 54893 Cleveland, OH 44114
715-866-4298

Information Store, The
Howmet Corparation Attn.: Mary Cunningham
Wichita Falls Casting Division MS #958639
6200 Central Fwy 500 Sansome Street
Wichita Falls, TX 76307 San Francisco, CA 94111

HRH Insurance Ingersoll-Rand Co.
Irwin C. "Pat" Adams, CSP, VP Loss Control Lisa M. O'Dell
7 East Congress Street PO Box 1776
PO Box 9966 Liberty Corner, NJ 07938
Savannah, GA 31412 908-647-6000 ext. 351
912-238-2740

Institute of Occupational Health/Library
Hudson, Skipper Ritva Heiskanen, Librarian
PO Box 3596 Topeliuksenkatu 41 a A
117 Sara Lee Drive SF-00250 Helsinki
Eatonton, GA 31024 Finland

Huisken Meat Center Intel Corp.
Maryann Vander Beek Snari Stover
521 N. 5th Street, PO Box 38 5200 N.E. Elam Young Parkway
Chandler, MN 56122 M/s: ALA-83

Hillsboro, OR 97124
Hutchinson Bag Corporation 503-642-8395
PO Box 1286, 215 S. Poplar
Hutchinson, KA 67504 International Ladies' Garment Workers' Union
316-663-8301 See "Health & Safety Dept., ILGWU

Hyperion Seating Corp. Intersan Manufacturing Co.
Bonnie Warner Curtis M. Janney, Nat'l Mktg. Mgr.
1801 Childress Rd. PO Box 19104
Lewisburg, TN 37091 Phoenix, AR 85005
615-359-1190 602-254-3101

IMCARE Interthor
Betty King 1817 Beach Street
1101 Vermont Ave, NW, Suite 500 Broadview, IL 60153
Washington, DC 20005 708-345-1270

Independent Stave Co., Inc. Isco, Inc.
Mr. Chris Rash, Benefits, Coordinator 4700 Superior St.

S1078 South Jefferson Lincoln, NE 68504-1398
Lebanaon, MO 65536 402-464-0231



Isle Industries, Inc. Jaeger, Bill
". Jodie Wood 1052 N. Mill #107

895 Beacon Street Naperville, IL 60563
Brea, CA 92621-2926
714-990-8997 Jefferson Smurfit Corp & Container Corp of

America
Islinger, Joseph H. Sandra Gaston
116 N. Kenilworth PO Box 66820
Mt. Prospect, IL 60056 St. Louis, MO 63166
708-577-9535 314-746-1100

ITT Hartford Insurance Group Johanna Farms Inc.
Technical Research Services Unit Bob Handforth
Hartford Plaza PO Box 272
Loss Control Dept. Library Johanna Farms Road
Hartford, CT 06115 Flemington, NJ 08822

J.A. Majors Company Jones, Harold
8723 Knight Rd 641 Bienville Lane
Houston, TX 77054-4405 Birmingham, AL 35213
713-795-5599

Joseph Campbell Company
J.M. Ney Company, The Michael W. Maxwell, Mgr.-Safety & Traimng
Ney Industrial Park PO Box 1307
Bloomfield, CT 06002 Douglas, GA 31533

912-384-790()
J.P. Stevens & Co., Inc.. Tom McCall, Training Mgr. Jostens, Inc.
Bob Stevens Plant Attn.: Velvet Cook
19320 Airbase Road Engineer
PO Box 388 P.O. Box 949
Wagram, NC 28396 Laurens, SC 29360

J. Schoeneman Inc. JPS Converter & Industrial Corp.
643 Middle Street Jo Banner, RN, OHN
Chambersburg, PA 17201 Boger City Plant

2130 East Main Street
Jacobs Engineering Group Inc. PO Box 658
Ms. Suzy Law Lincolnton, NC 28093-0658
5301 Central Avenue N.E. 704-735-2581
Suite 1700
Alburquerque, NM 87108 Judges' Library
505-845-4026 Michelle Seo

Room 5518
Jacobs Engineering Group Inc. US Court House
Suzy Law Washington, DC 20001
5301 Central Ave. N.E. 202-535-3400
Suite 1700
Albuquerque, NM 87108 Kap III, Inc.

Kotz A. Patterson, Mgr/Gwner
Jacobsen Textron PO Box 404
Charlotte, NC 28217 Henderson, TN 38340

901-989-5749



Kappler USA KLN Steel Products Co.
Gail Helms, Engineer PO Box 34690
PO Box 218 San Antonio, TX 78265-4690
Guntersville, AL 35976
1-800-633-2410 Kraft General Foods

Larry Reuter
Kellwood Company Williams Rd.
Luther Reece, Corporate Engineer North Laurence, NY 12967
529 South Broadway
McComb, MS 39648 Kroy Inc.

Bob Rick
Kemper National Insurance 108 Industrial Drive
Jean Meinhardt Osceola, WI 54020
Library F-5, Route 22
Long Grove, IL 60049 Kuppenheimer Men's Clothiers

Michael L. Love, Director of Projects
Kendall Company PO Box 921309
Healthcare Products Co. 5720 Peachtree Parkway
Gene Arnold Norcross, GA 30092-7309
PO Box 430 (13) 404-449-5877
Augusta, GA 30913
404-771-2101 Kwikset Corp.

516 E. Santa Ana St.
Kennedy Manufacturing Company PO Box 4250
Mark W. Hartman, Training Mgr Anaheim, CA 92803-4250
PO Box 151

O Van Wert, OH 45891-0151 La Mar Manufacturing Co.
419-238-2442 Rita Daniel, Engineering Dept.

Bowdon, GA 30108
King Bag & Manufacturing Co.
1500 Spring Lawn Ave. Lakeview Medical Center
Cincinnati, OH 45223-1699 1040 Lakeshore Dr

Rice Lake, WI 54868
King, Donald L. 715-234-1515
6705 Brigadoon Dr
Bethesda, MD 20901 Lands' End

Virginia K. Welsh
Kings Point Industries, Inc. 705 So. Pine Street
Arlene Marian West Union, 10 52175
280 Northern Blvd. Box 798
Great Neck, NY 11021 Langhorne Carpet Company, Inc.

Steve Souder
Kleen Brite Laboratories, Inc. PO Box 7175
Gloria Geschwind Penndel, PA 19047-0824
PO Box 20408 215-757-5155
Rochester, NY 14602-0408
716-637-0960 LASC

Dr. Pamela Thomas
Kleen-Tex 86 S. Cobb Dr.
Ann Cathey Dept. 49-70 Zone 0454
PO Box 1677 Marietta, GA 30063
LaGrange, GA 30741 404-494-4131



Lay Packing Co., Inc. Liberty Mutual
Ruble L. Smith Roger L. Mohr
PO Box 2447 10733 Sunset Office Dr
Knoxville, TN 37901 PO Box 8509-A
615-546-2511 St. Louis, MO 63126-0509

314-965-54(X)
Lebanon Valley Offset
Carol L. Edris, Dir. Human Resourses Liberty Mutual Insurance Co
Annville, PA 17003 Bryant Blake, CSP
717-867-4601 Suite 400

1100 Circle 75 Parkway, N.W.
Lee Company Atlanta, GA 30339
Charley Parker, Dir. of Apparel Engineering
9001 W. 67th Street Liberty Mutual Loss Pervention Research
Merriam, KS 66202 ,. Center

Dr. Stover H. Snook, Director
Lerner, Al 71 Frankland Rd.
154 Avenue E Hopkinton, MA 01748
Bayonne, NJ 07002

Liberty Mutual
Leshner Mills Shirley Goodrick, RN
Harmon King Three Maryland Farms
1534 First Ave PO Box 300
Opelika, AL 36801 Brentwood, TN 37024-0300
205-745-6421 615-373-9555

Levi Strauss & Co. Liberty Mutual Insurance Company
R & D Center Attn.: Ronald T. Schwarz
900 N. Dorothy Dr. Loss Prevention Department
Richardson, TX 75081 555 West Pierce Road - Suite 300

Itasca, IL 60143
Levi Strauss & Co.
1359 Lomaland Lincoln
El Paso, TX 79935 Industrial Division

One Lincoln Way
Lewis-Gale Clinic St. Louis, MO 63120-1578
Ginger Mattox, RN 314-679-4200
3636 Aerial Way Dr
Roanoke, VA 24018 Lincoln Electric Co.

22801 St. Clair Ave
Liberty Mutual Insurance Company Cleveland, OH 44117-1199
Mike Ratcliffe, TD- Industrial
6130 Stoneridge Mall Rd Lithonia Downlighting
Building 3, 4th Floor Douglas Williams, Industrial Engineer
Pleasanton, CA 94588 850 W. River Road

Box 195
Liberty Mutual Vermilion, OH 44089
Mary B. Mahoney, Loss Prevention 216-967-3131
Atrium Bldg
6101 Executive Boulevard 1.ithonia Downlighting
Rockville, MD 20852-9868 Douglas Williams, Industrial Engineer
301-881-9300 850 W. River Rd

PO Box 195
Vermilion, OH 44089



Litton Advanced Circuitry Lumbermen's Underwriting Alliance
*Box 2847 Nancy Weber

Springfield, MO 65801-0847 2501 North Military Trail
Boca Raton, FL 33431

Lockwood Green Engineers, Inc. 407-994-1900
PO Box 6280
Spartanburg, SC 29304 Luxo Lamp Corp

Mr. Thomas P. O'Flaherty
Londontown Corporation 36 Midland Avenue
Attn.: Helen Weaver Port Chester, NY 10573
Hagerstown Cutting Plant 914-937-4433
Route 2, Box 43B
Williamsport, MD 21795 Mac Plastics, Inc.
650-267-3365 Dominic Clemente

24 Murdock St.
Londontown Corp Canonsburg, PA 15317
Helen Weaver, RN 412-745-0555
266 Penna Ave
Hancock, MD 21750 M. J. Soffe Company, Inc.
301-678-6181 Attn.: Johany Mabry

P.O. Box 2507
Londontown Corporation Fayetteville, NC 28302
C. Amy Conklin, Training Admin.
1332 Londontown Boulevard Mack Trucks, Inc.
Eldersburg, MD 21784-5399 Donna M. Powell
410-795-5900 2800 Commerce Dr.

Turnpike Industrial Park
LORAL Command & Control Systems Middletown, PA 17057
Mark Hansen, MS- 19B
9970 Federal Dr Magid Glove
Colorado Springs, CO 80921-3697 Nancy Pena
719-594-1626 2060 N. Kolmar

Chicago, IL 60639
Lord Corp
Library Majco Building Specialties, L.P.
1635 W. 12th St., PO Box 10039 Receiving Dock #4
Erie, PA 16514-0039 Howard Systems

622 N. Pleasant Valley Rd.
Louisville Bedding Austin, TX 78762
Attn.: Linda Reed, Supervisor
Bluegrass Industrial Park Mallory Controls
10400 Bunsen Way Patsy Dunham
Louisville, KY 40299-0700 PO Box 6200

Sparta, TN 38538
Loyola University
INF SVC/WEE Mamiye Bros, Inc.
6525 N. Sheridan Rd. 300 Mac Lane
Chicago, IL 60626 Keasbey, NJ 08832

Lucas Contract Furniture Division Management Services, Inc.
Sharon L. Hart, Administrative Mgr. Mike Reed
7700 Port Capitol Dr 1606 N. Vermicion

* Baltimore, MD 21227 Danville, IL 61832
301-799-7700 217-446-1089



Marathon Electric MCI Telecommunications
Lebanon, MO 65536 Kevin Hyde

Dept 0673/001
Marian Health Center 1133 19th Street, NW
801 Fifth St Washington, DC 20036
Sioux City, IA 51101 202-887-2829
712-279-2174

McDaniel, A. R.
Marino Technologies Inc. 106 Robbins Road
Anthony Marino Brandon, MS 39042
13260 NW 45 Ave.
Opalocka, FL 33054 McKee Banking Co.

10260 McKee Rd
Marion Merrell Dow Inc Box 750
Melinda Jones Collegedale, TN 37315-0750
Health Services " 615-238-7111
PO Box 9627
Kansas City, MO 64134-0627 McMillan/Doolittle

Sidney N. Doolittle
Marshall Brass 240 E. Ontarion St.
Marshall, MI 49068 Suite 201

Chicago, IL 60611
Martin Marietta Energy Systems, Inc. 312-944-7844
Mary Benton, R.N., MPH
PO Box 2003 Mead Paper
Bldg 4-Oaks MS 7607 Chillicothe Operations
Oak Ridge, TN 37831-7607 PO Box 2500
615-576-6748 Chillicothe, OH 45601

Master Apparel Medical Ctr. of Delaware
Ray Free Procurement Dept.
#4 Ball Park St Box 6001
Somerville, TN 38068 Newark, DE 19718

Matsushita Television Company Medical Consultants Northwest, Inc.
Sol Ermitage, Production Mgr. Ms. Dana Strandjord
9401 West Grand Ave. Director of Marketing
Franklin Park, IL 60131 Cabrini Medical Tower, #1400

901 Boren
Maui Comprehensive Rehab Centi- Seattle, WA 98104-3512
Jim Kahler, Director
Hale Makua Home Health Care Agency Meehan, James B., P.E., P.C.
771 Alua Street, Suite #102 3010 Rownd Street
Kahului, HI 96732 Cedar Falls, IA 50613-5813
808-242-4790

Melvin, Keith F.
Max Katz Bag Co., Inc. 26 Glen Street
Donald Katz Westborough, MA 01581
PO Box 1666
Indianapolis, IN 46206-1666 Mesirow Financial

Attn.: Tom H. Honn, M.S., C.S.P.
Risk Management Services
350 North Clark Street
Chicago, IL 60610



Methodist Hospital Middle Tennessee State University
Jeff Hudson Richard H. Gould, Chairman Industrial Studies
Workwell Dept. PO Box 19
5001 W. Hardy Street 1500 Greenland Drive
Hattiesburg, MS 39402 Murfreesboro, TN 37132
268-8000

Middle Tennessee State University
Michaels of Oregon Co. B. J. Wall, P.E.
Attn.: Carrie Elliott Industrial Studies Dept.
Personnel/Safety Manager PO Box 19
2925 S. Cole 1500 Greenland Dr.
Boise, ID 83709 Murfreesboro, TN 37132

Michelin Tires (Canada) Ltd. Midwest Quality Gloves, Inc.
J. Receiving ,. Attn.: J. Michael Palmer
Logan Road Chairman
Bridgewater, NS P.O. Box 260
B4V 2J8 Chillicothe, MO 64601

816-646-2165
Michigan Department of Labor
Central Stockroom - S Sherman Milcare
General Office Building Marcia Emmert
7150 Harris Dr., Secondary Cplx 2855 44th Street, S.W.
Lansing, MI 48906 Grandville, MI 49418

616-772-8050
Michigan State Industries
Kurt Killian Miller International, Inc.
Front Office Box 5407
4000 Cooper Street Denver, CO 80217
Jackson, MI 49201 303-428-5696

Micro Switch Miller Group, The
Phyllis Davis Randy Lindenmuth, Dir. of Prod. Services
Plant #1 E. Stephenson St. 175 Route 61 South, Bldg. W
Freeport, IL 61032 Schuylkill Haven, PA 17972
815-235-5938

Milwaukee Seasonings, Inc.
Micro Switch N 113 W18900 Carnegie Dr.
Mary Schneider, Research Librarian PO Box 339
11 W. Spring St. Germantown, WI 53022
Freeport, IL 60132 414-251-9230

Mid South Associates, Inc. Mine Safety Appliances Co.
Betsy Blackard, President Tom Briercheck
3069-2 McCall Drive 3880 Meadowbrook Rd.
Atlanta, GA 30340 Murrysville, PA 15668-1753

Middle Tennessee State Univ. Modernfold Inc.
B. J. Wall, P.E. 512 5th N.W.
Industrial Studies D)ept. Dyersville, IA 52040
1500 Greenland Dr. 317-529-1450
Murfreesboro, TN 37132



Montgomery County Public Library National Garment Co.
Acquisitions Dept. 514 Earth City Expressway
99 Maryland Ave. St. Louis, MO 63045-1303
Rockville, MD 20850 314-291-98510
301-217-3825

National Business Furniture
Moore Products Co. Bob McCormick
Patricia A. Greenlee, Supervisor Benefits 1819 Peachtree Rd.
Admin. Suite 313
Spring House, PA 19477 Atlanta, GA 30309
215-646-7400

Nationwide Mutual Insurance Co.
Motorwheel Corporation Library
Robert 0. Bowers, Mgr. Worker's Comp. One Nationwide Plaza
4000 Collins Road PO Box 1559
Lansing, MI 48910-5894 Columbus, OH 43216
517-337-5700

Naval Hospital
Mount Mary College Dorothy Smith
Sandra Keiser, Chairperson Commanding Officer
Fashion Dept. Bldg. 81H, Hospital Side
2900 Menomonee River Parkway Great Lakes, IL 60088-5255
Milwaukee, WI 53222 708-688-4775
414-258-4810

Naval Aviation Depot
Munekata America Inc. Barbara L. Wright, Safety Specialist
Attn.: Mr. David Anderson OSH, Code 001/BW
200 Munekata Drive NAS Jacksonville, FL 32212-0016
Dalton, GA 30720

Navy, Dept. of the
Murphy, Greg Adrienne Washington
PO Box 671855 Naval Air Facility
Marietta, GA 30067-0034 Bldg. 3086, Andrews Air Force BAse

Washington, DC 20396-5130
Nantucket Ind.
Arthur Garrick, Plant Engineer NEC Technologies
PO Box 587 Atm.: Wendy Watson
Catersville, GA 30120 1 NEC Drive

McDonough, GA 30253
Nashville Mills
Receiving Nelson, David E.
PO Box 477, Hwy 129 South 1230 Mars Hill Road
Nashville, TN 31639-0477 Acworth, GA 30101

404-426-5498
National Business Furniture
Bob McCormick Nestle Chocolate & Confection Co.
1819 Peachtree Rd., Suite 313 Denise Fontecchio
Atlanta, GA 30309 100 Manhattanville Road

Purchase, NY 10577
National Computer Systems 914-251-3000
4401 West 76th Street
PO Box 9365. Minneapolis, MN 55440
612-830-7600



New Era Cap Co., Inc. Nuclear Metals, Inc.
* Michael Williams, Accounts Payable Darlene Whitaker, Secretary

8061 Erie Road Health/Safety Department
PO Box 208 2229 Main Street
Derby, NY 14047-0208 Concord, MA 01742
716-549-0445 508-369-54 10 ext. 510

Newport News Shipbuilding & Dry Dock Co. Oakwood Hospital
The Library Box 2500
4101 Washington Ave. Dearbome, MI 48124
Newport News, VA 23607-2770

Office Co-Ordinations, Inc.
Nisco Evelyn Werner, Admin. Assistant to CEO
Carmen Nash 326 E. Main Street
PO Box 308 Chattanooga, TN 37408
Indiana & Morrow St. 615-756-4531
Topeka, IN 46571

Oja, Gerald A.
Nissan Performance Technology 4445 W. Tischer Rd.
R. Albert Duluth, MN 55803
2480 Coral Street
Vista, CA 92083 Oneita Industries

Jim Harris, Human Resources Mgr.
Nordson Corporation Fayette Apparel Plant
Betty Dougherty 207-15th Street South West
5875 Peachtree Industrial Blvd. PO Box 918

* Suite 210 Fayette, AL 35555
Norcross, GA 30092 205-932-7800

Norfolk Southern Corp. Oneita Industries
William R. Roby, Mgr. Safety Evaluation Joe Brinson, VP Apparel
125 Spring St, S.W., Box 136 PO Drawer 24
Atlanta, GA 30303 Andrews, SC 29510
404-529-2231

OSHA
Northern Illinois University Mr. Graciela Perez-balke
Professor J. Yaney Ergonomist
College of Business Department of Labor
Dept. of Management 133 Portland Street, 1st Floor
Wirtz Hall 122 Boston, MA 02114
DeKalb, IL 60115-2897
815-753-1124 Oshealth, Inc.

Marsha Turner
Northrop 520 Ben Hogan Dr.
Aircraft Division Virginia Beach, VA 23462-4521
Attn: Library 3360-82 804-499-0894
One Northrop Ave.
Hawthorne, CA 90250 OSHKOSH B'GOSH, Inc.

Ms. Sandy Steams
NTAP, Incorp. 245 Industrial Road
Janet J. Leslie, Executive Dir. P.O. Box 408
PO Box 627 Columbia, KY 42728

* Fall River, MA 02722
508-678-1991



Overhead Door Corp Pennsylvania State University, The
Industrial Engineering

"Owen Supply, Inc. Attn.: B. Tuley/Freivalds
P.O, Box 2098 207 Hammond Building
Fayetteville, NC 28302-2098 University Park, PA 16802

Pal Health Technologies, Inc. Pent Products Inc.
Terry Cordum Arleen Rissner
3627 N. Leroy Ave., Apt. B 6928 N-400 East
Peoria, IL 61604 Kendallville, IN 46755

219-347-5828
Palm Beach Tailored Clothing
PO Box 1519 Pent Asst.mblies, Inc.
Cincinnati, OH 45201 Steve Hankins

6928 N-400E Dock 109
Panama Canal Commission Dendallville, IN 46755
Unit 2300
APO Miami, FL 34011-5000 Perdue University Libraries

Fiscal Dept., Room 264
Panduit Corp. 1536 Stewart Center
Pat Simonelli, Human Resources Assist. West Lafayetta, IN 47907-1536
1819 Atlanta Hwy
PO Box 246 Perry Printing Corp.
Cumming, GA 30130 575 West Madison St.
404-889-1800 PO Box 97

Waterloo, WI 53594-0097
Panero Zelnik Associates 414-478-3551
Martin Zelnik
242 West 27 Street, 1-B Personal Products Co.
New York, NY 10001 Jill Siegfriod
212-924-7930 901 E. Kankakee River Dr.

Wilmington, IL 60481
Peachtree Physical Therapy
Janice W. Braunstein, P.T. Pet Incorporated
Georgia Health Group Mike Harmon, Loss Prevention Coord.
One Atlantic Center PO Box 392
1201 Peachtree Street, Suite 3650 St. Louis, MO 63166
Atlanta, GA 30309 314-621-5400

Peck Foods Corp. Petri Baking Products, Inc.
200 Emmber Lane Don Sternquist, Plant Mgr.
Milwaukee, WI 53233 241 Central Ave.

Silver Creek, NY 14136
Pekar, Dennis 716-934-2661
1917 North Cleveland
Chicago, IL 60614-5215 Pfizer Inc.

Vigo Plant
Penn State Box 88
Linda E. Mace, Assist. Dir., CES Sys. Office Terre Haute, IN 47808
Susan Building
2790 W. College Ave. Phifer Wire Products, Inc.
The Pennsylvania State University Receiving Dept. P.O. # 107224000
University Park, PA 16801 440 Kauloosa Ave. at Cole Dr.

Tuscaloosa, AL 35401-7042



Philips Ind. Powderhorn Textiles0 Jim Burridge William F. Morgan, VP
C/O Dextor Axle PO Box 1443
222 Collins Rd. Montrose, CO 81402
Elkhart, IN 46516

Powell, Goldstein, Frazer & Murphy
Philips Lighting C. Scott Greene
Box 6800 16th Floor
Somerset, NJ 08875-6800 191 Peachtree St., N.E.

Atlanta, GA 30303
Pilot Manufacturing Company 404-572-6600
Railroad Ave.
Beacon Falls, CT 06403 Powers Manufacturing Co.

Box 2157
Pioneer Rehabilitation Waterloo, IA 50704
Kristin M. Tooley, Office Mgr. 319-233-6118
1215 Hightower Trail, Ste B-O10
Atlanta, GA 30350 PPG Industries, Inc.
404-552-7226 Attn.: Michael P. Roseman

One PPG Place
Plaid Enterprises 14 South
Rick Shannon, Dir. of Human Resources Pittsburg, PA 15272
1649 International Blvd., PO Box 7600
Norcross, GA 30091-7600 PPG Glass Fibres Ltd.
404-923-8200 PO Box 1857

Lexington, NC 27293. Platt Luggage

Ben Platt PPG Industries
2301 S. Prairie Greswold Gwynette, Plant Indust. Engr.
Chicago, IL 60616 Route 4
312-225-6670 Shelby, NC 28150

704-434-2261
Playtex Apparel, InL.
Paul Slavik, Dir. Environ. & Safety PPG Architectural Finishes, Inc.
PO Box 631 Poe, Patrick
Dover, DE 19903 Coordinator of Safety, Environ. & Special

Proj.
PMI Motion Technologies 1020 Olympic Drive
Wolfgang R. Bregulla, CME Batavia, IL 60510
49 Mall Dr.
Commack, NY 11725-5703 Pratt & Whitney
516-864-1000 Brent Pettegrow, Plant Ergo. Coord.

Wells Road, Rt. 9
Polaris Ind. L.P. North Berwick, ME 03906
Sonny Storo
Hwy 89 S. Premier Yam Dyers
Roseau, MN 56751 PO Box 250
218-463-2312 Adairsville, GA 30103

404-773-3695
POP Fasteners
Richard G. Weber, P.E. Pretty Products, Inc.
510 River Road PO Box 608
Shelton, CT 06484 Coshocton,OH 43812
203-924-8741



* ProFlex Rayovac Corp.
Toni M. Sanford, Mkt. Assistant Madison, WI 53711-0960
Ergodyne Corporation
1410 Energy Park Dr., Suite 1 Raypak, Inc.
St. Paul, MN 55108 Rickey J. Wallace
612-642-9889 31111 Agoura Rd.

Westlake Village, CA 91361
Pyke Manufacturing Co. 818-889-1500
William E. Boren
PO Box 30326 Rector Sportswear Corporation
Salt Lake City, UT 84130 915 McNabb Street

Rector, AR 72461
Queen Carpet Corp.
Bill Kuzwiak Red Wing Shoe Company, Inc.
PO Box 1527 . William R. Hoyt, CSP, Risk Mgr.
Dalton, GA 30722-1527 419 Bush Street

RedWing, MN 55066
Quick Rotan, Inc. 612-388-8211
421 W. Wrightwood Ave.
Elmhurst, IL 60126 Reeves Brothers, Inc.

Max L. Greer
R. B. Apparel, Inc. PO Box 1898
Attn.: Ray Beder Spartanburg, SC 29304
3522 East 10th Court 803-576-1210
Hialeah, FL 33013
305-691-8857 Reflector Hardware Corp.

Seiji Itahara
R. R. Donnelley & Sons Co. 1400 North 25th Ave.
Daniel J. O'Reilly, Sr. Industrial Hyg. Melrose Park, IL 60160-3083
2223 S. Martin Luther King Dr. 708-345-2500
Chicago, IL 60616
312-326-8000 Reliance Electric

Tony R. Stapleton, HR Mgr.
Radde, Paul 0. 101 Reliance Road
9600 Potowoe Dr. Kings Mountain, NC 28086
Fort Washington, MD 20744 704-739-0171 ext. 202

Rapid Accu-Form, Inc. Research Institute of America
3825 Sprig Drive Stephen Levinson
Benicia, CA 94510 624 Ninth Street, NW, Suite 800

Washington, DC 20001
Raque Industries 202-628-6050
P.O. Box 1689
Louisville, KY 40201-1689 Rheem Manufacturing Co.
Attn.: Kef Hollenbach Roberson Mill Road
502-589-5900 Milledgeville, GA 31061

Ratzlaff Draperies, Inc. Rheem Manufacturing Co.
Sharon Unruh Gray Smith
403 W. Main 138 Roberson Mill Rd. N.W.
Goessel, KS 67053 PO Box A-F
316-367-2298 Milledgeville, GA 31061



Rheem Manufacturing Co. Rollins Burdick Hunter of Georgia, Inc.
John C. Blanz, Dir. Attn.: Mr. Ken Hansen
One Bell Rd. Vice President
Montgomery, AL 36117 400 Interstate North Parkway

Suite 1400
Rheem Manufacturing Co. Atlanta, GA 30339
Tony Johnson, Benefits Admin.
PO Box 17010 Rosedale Medical Center
Fort Smith, AR 72917-7010 Pat Simmons
501-646-4311 2393 N. Fairview Ave.

Roseville, MN 55113
Riegel 612-636-8650
Donna W. Hatcher, Personnel Dir.
Mount Vernon Mills, Inc. Roy 0. Youker, Inc.
PO Box E Karen L. Youker
Johnston, SC 29832 635 South 11th Street
803-275-2541 Suite I

Lincoln, NB 68508
Rimoldi of America, Inc. 402-477-7640
Attn.: Nora M. Dowling
Marketing Assistant Royal Insurance
400 North Lexington Avenue Natalie Oxendine, Engineering
Pittsburgh, PA 15208-2575 9300 Arrowpoint Blvd.
800-237-4746 PO Box 1000

Charlotte, NC 28201-1000
Ripley Health Services 704-522-2758. Carolyn L. Ripley
1608 Crescent Drive RSSI
Kingsport, TN 37664 Andrew Lucas
615-245-4255 6312 W. Oakton Street

Morton Grove, IL 60053
Riverside Manufacturing Co. 708-965-1999
PO Box 460
Moultrie, GA 31776-0460 Rubbermaid-Winfield Inc.

Demie Denken
Rogers, Carol, RN, COHN 1616 Wheat Road
PO Box 459 Winfield, KS 67005
South Boulevard Dr.
Amory, MS 38821 Ruhl & Associates, Inc.

Christal A. Wikner
Rogers NK Seed Co. 1906 Fox Dr., Suite G
Louise A. Auchampach, Safety & Environ. Champaign, IL 61820
Coord. 217-355-7800
PO Box 4188
Boise, ID 83711-4188 Russell
208-322-7272 Alexander City, AL 35010

Rollerblade, Inc. Sacs Industriels/ Industrial Bags
5101 Shady Oak Road Jean P. Charland, Office Mgr.
Minnetonka, MN 55343 6945, rue St-Jacques
612-930-7000 Montreal Quebec

H4B IV3
is 514-481-8174



Safeco Insurance Co. Schrodt, Dr. Joseph, M.D., S.C.
* David Diem, Loss Control Mgr. Professional Builing

1551 Juliett Road Suite 560
Stone Mountain, GA 30083 363 South Main St.
404-469-1111 Decatur, IL 62523

Sam Houston Electric Coop, Inc. SCIMED Life Systems, Inc.
Highway 190 East 6655 Wedgwood Road
Livingston, TX 77351 Maple Grove, MN 55369-7503

Samsonite Corp. SCT Yarns, Inc.
PO Box 1116 Floyd W. Craig
Nogales, AR 85621 Box 791

Chattanooga, TN 37401
Sara Lee Knit Products
Marshall C. Huckaby, GA Safety Mgr. Sebastain, Billy
PO Box 4249 502-821-1245
20 Industrial Park Blvd.
Eastman, GA 31023 Sedgwick James of Minnesota Inc.
912-374-6600 Audrey L. Cameron

7900 International Drive Suite 500
Sara Lee Knit Products Bloomington, MN 55425
Marshall Huckaby 612-851-5623
PO Box 4249
Eastman, GA 31023 Sedgwick James
912-374-6600 Nancy Cram

500 Atlanta Financial Center, South Tower
Sara Lee Knit Products 3333 Peachtree Road, NE
Lynn Hudson, Personnel Mg. Atlanta, GA 30326
117 Sara Lee Drive 404-237-8444
Eatonton, GA 31024
404-485-1723 Sentinel Consumer Products, Inc.

7750 Tyler Blvd.
Sara Lee Knit Products Mentor, OH 44060
Rion MacDonald, Personnel Mgr./Controller
Hanes-Rabun Gap Plant Sentry Insurance
PO Box 310 Clare Gillis
Rabun Gap, GA 30568 1700 McDowell Ct.
404-746-5004 Lawrenceville, GA 30244

Sara Lee Knit Products Sequa Corporation
Mike Fleming Thomas P. Maritn, Director
450 Hanes Mill Road Corporate Safety & Health
Winston-Salem, NC 27015 3 University Plaza
919-744-2400 Hackensack, NJ 07601

201-343-1122
Schlumberger Industries
Mike Reese Sharpline Converting, Inc.
PO Box 75 Gary Stephenson, President
West Union, SC 29696 1520 South Tyler Road
803-638-3601 Wichita, KS 67209

316-722-9080



Shaw Industries, Inc. Siltec Silicon
* PO Drawer 2128 Mitzi Williams

Mail Drop # 061-07 1351 Tendem Ave. NE
Dalton, GA 30722-2128 Salem, OR 97303-0139

Shaw Industries, Inc. Simmons Company
PO Drawer 2128 Barbara Anderson, Admin. Asst.. HR Dept.
Dalton, GA 30722 PO Box 95465

Atlanta, GA 30347
Shaw Industries, Inc. 404-321-3030
Vicki Dean
Plant 98 Showalter Ave. Simpson Industries, Inc.
Dalton, GA 30720 Paul A. Backlas, Mgr. Health, Safety,

Environ.
Shell Oil Co. 917 Anderson Road
Library Processing Center Litchfield, MI 49252
777 Walker St. Suite 12113 517-542-5555
Houston, TX 77002

Simpson Industries, Inc.
Shows, Susan Paul A. Backlas, Mgr. Health, Safety,
EDL Environ.

917 Anderson Road
Shur-Lok Corp. Litchfield, MI 49252
Joe Vince 517-542-5555
2541 White Road
Irvine, CA 92714 Sioux Tools Inc.
714-474-6000 Box 5070 Sioux City, IA 51102-0507
Siemens Energy & Automation, Inc.

David Hazen, Quality Engineer Sit-Rite International
811 North Main St. Jason Nicoloff
Bellefontaine, OH 43311 1241 Jarvis Ave.
513-5"3-6010 Elk Grove Village, IL 60007

Siemens Automotive Ltd. Sony Music
William Smith, Industrial Eng. Attn.: Larry Vickers
700 Park Ave. East 5152 Columbia Drive
Chatham, Ontario, Canada Carrollton, GA 30117
N7M 5M7
519-436-3621 Southco, Inc.

Lester Division
Siemens Energy & Automation, Inc. 320 S. Gov. Printz Blvd.
Eldora Elder Lester, PA 19029
Hwy 221 & 1320 Old Georgia Rd. 215-459-4000
PO Box 1612
Spartanburg, SC 29304 Southern Aluminum Finishing Co., Inc.

1581 Huber Street, N.W.
Siemens Energy & Autumation Inc. Atlanta, GA 30381-7701
Circuit Protecton & Controls Div.
Tucker Operation Spartan Mills
2037 Weems Rd. David Campbell
Tucker, GA 30084 Spartan Corporate Office

PO Box 1658
Spartanburg, SC 29304



Stafford Swearingen Steelcase Inc.
P.O. Box 311 Tom McGuire SP-Al
108 W. Pacific Street PO Box 1967
Sedalia, MO 65301 Grand Rapids, MI 49501

616-246-9391
St. Francis Hospital
Gail Olen, RN, COHN Steelcase
3237 South 16th Street Connie Koenes
PO Box 15750 616-698-4900
Milwaukee, WI 53215
414-647-5000 Stephenson, Norman H. or Elida

PO Box 688
St. Marys Carbon Co. Lake Butler, FL 32054
State Street 904-496-2358
St. Marys, PA 15857

Sterling Boiler & Mechanical, Inc.
Stanley Magic Door PO Box 8704
Ric Gonzalez 5416 Boonville Hwy
Rt. 6 Hyde Rd Evansville, IN 47715
Farmington, CT 06032 812-479-5447

Stanly Knitting Mills, Inc. Stevcoknit Fabrics Co.
PO Drawer 479 Lewis W. Finley, Per. Manager
Oakboro, NC 28129 601 Wilmington Rd.

Wallace, NC 28466
State Compensation Ins. Fund
Box 420807 Stevcoknit Fabrics Co.
San Francisco, CA 94142-0807 Lewis W. Finley

601 Wilmington Rd.
State Compensation Insurance Fund Wallace, NC 28466
Supply - Safety & Health
1275 Market Street Stevens Home Fashions
San Francisco, CA 94103 J. P. Stevens & Co., Inc.
415-565-1230 Margaret G. Barber

Bob Stevens Plant
State Compensation Insurance Fund PO Box 388
PO Box 807 Wagram, NC 23896
San Francisco, CA 94101-0807 919-369-2231

State Farm Insurance Companies Stevens Sportwear Co., Inc.
Corporate Headquarters Debbie Tullos
One State Farm Plaza Box 557
Bloomington, UL 61710-0001 Taylorsville, MS 39168

Stearns Technical Textiles Co., The Stone Apparel
100 Williams St. George P. Hammett, HR Assistant
Cincinnati, OH 45215-6316 PO Box 3725

Greenville, SC 29608
Steelcase Inc. 803-370-5661
Al TenHoor, CS-2S-08
1120 - 36th Street SE Stonecutter Mills Corporation
Grand Rapids, MI 49508 Attn.: Rick Furse

P.O. Box 157
Spindale, NC 28160



Stockman Group, The Syn-Tex Convertors Ltd.
Attn.: Ms. Kathi Satullo Ed Cavenaugh
Occupational Health Department 90 Sutherland Ave.
7007 Washington Ave., Suite 340 Winnipeg, Manitoba
Whittier, CA 90602 R2W 3C7

Canada
Storage Technology Corporation 204-947-0243
Diana L. Craig, Corporate Ergonomist
2270 South 88th Street Syncrude Canada Ltd.
Louisville, CO 80028-5211 PO Box 4009
303-795-3414 Ft. McMurray, Alberta

Canada T9H 3L 1
Summit Training Source, Inc.
620 Three Mile Rd, NW System Sensor
Grand Rapids, MI 49504 ,. Peter Sennett, Industrial Engineer

Sunbeam Home Comfort System Furniture Gallery
Box 247 Bob Kessler
Laurel, MS 39441-0247 8305-A Merrifield Ave.

Fairfax, VA 22031
Sundstrand Aerospace
Attn.: Lee Hendrick TamL Mfg. Co., Inc.
2650 Orbiter Street Attn.: Mr. Mark Fogelman
Brea, CA 92621 1798 Main Street
714-579-2100 Northampton, PA 18067

Sundstrand Advanced Technology Group Taylor, Mike
4747 Harrison Ave. Rist Mgt. Div.
Rockford, IL 61125 50 East North Temple, 14th Floor

Salt Lake City, UT 84150
Super Sack Mfg.
T. Ballard Technotrim, Inc.
Hwy 82 East 31572 Industrial Rd., Suite 300
Savoy, TX 75479 Livonia, MI 48150

Surgical Specialties Corp. Technotrim, Inc.
Donna Kohler, Training Supervisor Chlo Hartman
PO Box 310 2601 SR 240 E
Reading, PA 19607 PO Box 495
215-777-1949 Greencastle, IN 46135

Sutter Health Tektronix, Inc.
Materials Mgt. Division Jack Doyle
1600 Cebrian St. 4110 SW Greenleaf Ct.
West Sacramento, CA 95691 Portland, OR 97221
916-373-3400 503-627-7111

Swift Textiles, Inc. Teledyne Ryan Aeronautical
Susan Moore, RN

Swope Ridge Geriatric Center Medical Dept.
Mr. Chuck Nigro, Sr. VP Admin. & Ops 2701 Harbor Dr.
5900 Swope r'..Kway San Diego, CA 92101. Kansas City, MO 64130 714-291-7311
816-333-2700



Tanner Companies Inc. TIG HITCO Inc.
S. Bobo Tanner Attn.: Fran Purser
PO Box 1139 Manager, Human Resources
Rutherfordton, NC 28139 2300 Marietta Blvd., N.W.
704-287-4205 Atlanta, GA 30318

404-355-1205
Teledyne Wah Chang Albany
Hayhurst: Safety, Bldg. 114 Tiffin Metal Products
1600 NE Old Salem Road Mike Wittman, Sales Coordinator
Albany, OR 97321 450 Wall Street

Tiffin, OH 44883
Teleflex, Inc. 1-800-537-0983
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ABSTRACT

In order for the apparel industry to maintain and improve its competitiveness in the world mar-
ketplace, it must adopt many emerging technologies and achieve the maximum benefit from them.
During the transition to a high technology manufacturing environment, jobs and workplaces should
be designed to promote employee productivity, comfort and safety. Design of jobs and equipment to
match the physical and mental characteristics and limitations of the equipment operators is the goal
of the science of ergonomics.

Georgia Tech is conducting a two-year program to explore ergonomics issues in typical trouser
manufacturing plants in the Southeast, to test cost-effective solutions to these problems, to predict
and address ergonomics issues in the high technology apparel manufacturing environment, and to
develop training and reference materials that will allow plant managers and supervisors to solve
basic ergonomics problems on their own.

During Phase I of the program, interviews were conducted with over 120 operators in three
typical trouser manufacturing plants in the Southeast. These interviews covered work-related injuries
and musculoskeletal discomfort, job and workstation design, training, work schedule, and other job
factors. A set of relevant body measures was taken of this group of workers. Measures of lighting,
noise and temperature were made at sewing workstations in the three plants. Videotapes were made
of skilled and novice workers performing certain key operations for later motion analysis.

This report provides a summary of the findings of these investigations including comparisons of
the anthropometric data with other available data bases, summaries of the data on musculoskeletal
discomfort and implications of the identified patterns, discussions of the physical working environ-
ment, descriptions of operator training methods, and recommendations for workstatio and job
improvement. A discussion of preliminary findings concerning applications of advanced manufac-
turing technology is also included.



1. BACKGROUND AND OBJECTIVES

In order for the United States apparel industry to maintain and improve its competitiveness in the
world marketplace, it must adopt emerging manufacturing technologies and achieve the maximum
benefit from them. During the transition to a high technology, manufacturing environment, jobs and
workplaces should be designed to promote employee productivity, comfort and safety.

Ergonomics (the study of the physical and mental characteristics and limitations of workers and
the design of jobs and equipment to take these factors into account) has been effectively applied in
many working environments. These include transportation, health care, mining, textile manufactur-
ing, and a host of others. For various reasons, the practice of ergonomics or, alternatively, human
factors engineering, has not been extensively applied in the apparel manufacturing environment.

Under the two-year program,.Georgia Tech is exploring human factors problems in typical
trouser manufacturing plants in the Southeastern United States and identifying and testing cost-
effective interventions for the uncovered problems. Lessons learned from this initial exploration will
be used to predict and address related human factors issues in the apparel factory of the future as
represented by the Apparel Manufacturing Technology Center. In the final phase of the program,
training documentation will be produced to assist supervisors, middle and upper management in
recognizing and solving typical human factors problems.

Trouser manufacturing, whether in a conventional or high-technology workplace, is a highly
labor-intensive process with 20 or more distinct steps. Each of these steps involves the operation of
one or more kinds of power equipment such as specialized cutting and sewing machines. The steps
require significant amounts of manual manipulation of fabric bundles, individual pieces, and unfin-SV ished garments as they are transported, inserted into, and guided through the machines. The opera-
tions are highly repetitive and visually demanding.

Repetitive, hand-intensive work may result in health problems such as cumulative trauma disor-
ders (CTDs) that increase absenteeism and reduce productivity. One such disorder is carpal tunnel
syndrome (CTS), a compression neuropathy involving the median nerve that provides sensation to a
large portion of the hand. Occupational risk factors associated with CTS include repetitive move-
ment of the hand, non-neutral wrist postures, and forceful exertions. The disease is characterized by
pain and numbness in the hand and wrist, and it has been found to be common among manufactur-
ing workers.

The objective of the initial phase of the project, on which this report is based, was to collect
anthropometric and background data on existing conventional manufacturing workplaces and worker
populations. In support of this effort, an extensive literature review was conducted. Literature con-
sulted for this phase has been combined into a reference bibliography in Appendix A. Our interviews
and measures were specifically designed to elicit information valuable for (1) identifying and solv-
ing current, conventional manufacturing problems, (2) identifying areas of the conventional environ-
ment that should be candidates for automation, and (3) predicting human factors related issues likely
to appear in the advanced manufacturing environment.

The principal objective of this program is to develop a comprehensive set of specially tailored
ergonomics training and reference materials that will help apparel manufacturing supervisors and
management (1) identify workplace tools, layouts, and procedures that are incompatible with the5 characteristics and limitations of the workforce, (2) identify options for addressing the identified
problems, and (3) choose and implement ergonomically appropriate solutions. The materials will
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specifically address ergonomic aspects of conventional and advanced manufacturing environments
I in which trousers are produced.

Careful design of workplace tools and equipment requires the engineer to obtain and apply data
on the relevant physical dimensions of the worker population. Such data, however, are not readily
available for most populations. A decade ago, Van Cott (1980), an ergonomist with the National
Bureau of Standards, lamented that "civilian anthropometry data bases in the United States and other
countries are virtually nonexistent." Casey (1989) noted that, during the 1980s, the availability of
such data has become even worse. Casey demonstrated that for one worker population, farm equip-
ment operators, existing data bases provide an extremely inaccurate model of the user group. During
Phase 1, we obtained relevant measures of a large number of apparel manufacturing operators to
compare with the few existing anthropometric data bases and also to provide designers an additional
resource.

A second task was to identify problems related to workplace and job design in typical conven-
tional apparel manufacturing operations, including those in transition to an advanced technology
environment. These problems were identified through a combination of employee interviews and
direct observation and measurement. Employee interviews were used to identify symptoms of
workplace difficulties as well as the operators' perceptions of these difficulties and potential meth-
ods of improvement. Direct observation and measurement through the use of videotaping and physi-
cal measurement of relevant environmental characteristics were used to allow us to document and
verify the nature and magnitude of the recognized (or as yet unrecognized) problems.

During Phase 2 of the program, we will test interventions that address some of the difficulties we
have identified. During Phase 3, research will move into the high-technology manufacturing envi-
ronment to address potential human factors problems. During Phase 4, we will produce a set of
training materials to allow supervisors and middle and upper management to understand and address
human factors issues in their workplaces.

3
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2. METHODS

Site visits were conducted at three plants that manufacture trousers and are located in the South-
east. These plants were selected to provide a range of company sizes and degrees of automation that
is typical of the industry. The numbers of workers employed by the three plants ranged from 50 to
600. Two of the three produce only military uniform trousers while the third produces a range of
dress and casual trousers.

Employees in the jobs selected for video analysis were given the first opportunity to volunteer
for interview and measurement sessions. Participation was then opened to all other employees.
Interview and measurement sessions were held before work, after work, and during the lunch break
and required approximately 30 minutes of each participant's time. Participants were paid for their
time.

A total of 132 operators (123 female and 9 male) were interviewed and measured during the
research. Interview data from two female operators was deleted because of language difficulties and
job type. However, both subjects' measures are included in the anthropometric data base. The male
data was not analyzed because of the small subject population. The "typical" female who partici-
pated in this study was forty years old with 103 months experience. Significantly, sixty-four percent
of the female population was at least forty years old.

2.1 ANTHROPOMETRIC MEASURES

Anthropometric measures were taken on all interview participants. Subjects were measured in
each of ten dimensions related to workstation and operator interface. The dimensions were selected
for the following applications: cross-referencing (stature), work surface and display height (eye
height, shoulder height, elbow height, and seated height), reach distances (arm length), seating
characteristics (seated height, thigh clearance and popliteal height), and tool design (hand length and
hand breadth).

Due to time and logistics constraints, the measuring apparatus utilized was portable and con-
sisted of a GPM Model 101 anthropometer with baseplate and GPM Model 106 spreading caliper
both graduated to whole millimeters. All measures were taken with shoes removed. Subjects were
measured in their own clothing. Clothing was typically of a lightweight, summer type (e.g., shorts,
t-shirts, cotton skirts, etc.). For standing measures subjects stood erect, facing forward. For seated
measures, subjects sat erect on a flat surface. For shoulder height, elbow height, arm length, thigh
clearance, popliteal height, hand breadth, and hand length, the subjects were measured consistently
on the right hand side.

Measures were defined as follows:

I) Stature - Vertical distance from the floor to the crown of the head, measured with the subject
standing. Subject was asked to report when the bar was felt on the top of head (as opposed to
touching the hair) to confirm contact.

2) Eye height - Vertical distance from the floor to the inner canthus (comer) of the eye,
measured with the subject standing.

3) Shoulder height - Vertical distance from the floor to the acromion, measured with the subject
* standing.
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4) Elbow height - Vertical distance from the floor to the radiale (upper end of the radius),
measured with the subject standing.

5) Arm length (Upper limb length) - Distance from the acromion to the fingertip with the arm
fully extended parallel to the floor.

6) Seated height - Vertical distance from the sitting surface to the crown of the head. Subject
was asked to sit up straight and, as with stature, report bar contact with the top of the head.

7) Thigh clearance - Vertical distance from the sitting surface to the top of the thigh tissue at its
thickest point, typically (though not in all cases) where it met the torso.

8) Popliteal height - Vertical distance from the heel to the popliteal crease behind the knee.

9) Hand length - The distance from the wrist landmark (crease) to the dactylion (tip of middle
finger).

10) Hand breadth - The distance between the second and fifth metacarpal-phalangeal joints.

2.2 INTERVIEW

Detailed interviews were conducted with all participants using a structured interview (form
included in Appendix B). The participants (interviewees) were assured that their responses would be
held confidential, and their names were not placed anywhere on the interview forms. To the extent
possible, interviews were held in closed offices or in areas isolated from other employees to encour-
age candor in the responses. The interviews covered:

* 1) Demographic information

2) Work related injuries or musculoskeletal discomfort

3) Characteristics of the work environment

4) Characteristics of the workstation, chair, and job

5) Training

6) Work schedule

7) Other factors that might affect safety or productivity

During interview sessions, as many as three interviews might bc occurring simultaneously in
order to complete the large number of required interviews in the limited available time. To promote
uniformity among the interviewers, most of the interview consisted of YES/NO, multiple choice, or
short answer questions. The final two questions, however, were open-ended and the interviewer
attempted to draw out more detailed information on previous interesting responses or suggestions on
how the jobs might be improved.

Responses to interview questions were manually entered into a computer file for statistical
analyses.

2.3 WORKSTATION MEASURES

Thirty individuals representing the fourteen jobs listed below were selected for video analysis.
These jobs were "targeted" since they satisfied one or more of the following criteria based on
discussions with supervisors, managers, and engineers: (1)job is in high skill category based on
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productivity and training measures; (2) job has a history of CTDs; (3) job has a high level of

absenteeism and/or complaints.

BUTTON HOLE FLY LINING

PATTERN STITCH POCKET WELT

SIDE SEAM TRIMMING

SIDE AND INSEAM SEAT SEAM

LEFT FLY RIGHT FLY

SET AND CORD POCKETS FACE AND CLOSE POCKETS

SLIDE AND STOP TACK FRONT POCKETS

Of the jobs above, only trimming had a documented case of carpal tunnel syndrome in the past
two years. Trimming, pocket weU, and slide and stop were standing workplaces (N = 5). The remain-
ing jobs were performed in the seated work posture (N = 25). Where possible, two employees with
different levels of experience were videotaped at each of the target jobs. Front, side, and back views
were taken and analyzed using a computer video registration and analysis (VIRA) method described
by Keyserling (1986) and Melin (1987) in the scientific literature. Videotape was reviewed in slow
motion and the duration of time spent in each of four hand postures (dorsiflexion, flexion, ulnar and
radial deviation) was documented for every subject. A posture change was noted when the hand
movement resulted in at least a 15 degree depar'ure from the neutral. Pinching (lateral and pulp
pinches) and flat hand presses were also documented using this method. The number of posture
changes was documented for each posture category as well. Back and neck angles were measured
with the use of a protractor.

At each workstation selected for videotaping, measures of critical workstation dimensions were
taken. Measures were taken both to support later video analysis and to provide a comparative dimen-
sional baseline for use with anthropometric data in workstation evaluation. A metal tape measure
was utilized for all linear measures. Basic dimensions selected included:

Work surface height, length, and width

Length and width of operator's work envelope (estimated)

Distance from the proximal edge of the work surface to the point of operation

Seat height, height including cushions or pillows (compressed), length, and width

Distance from the seat back to the proximal edge of the work surface

Reach distance (estimated) to raw material (e.g., piece on cart)

Reach distance (estimated) to finished material (finished good disposal)

Treadle location relative to work surface (plan view)

Treadle length, width and height

Cart or clamp truck dimensions

Location of obstructions where noted

Those measures indicated as estimated were taken using the tape measure to estimate the dimen-
sion reported in order to prevent interference with production. Work envelope was defined as the
total travel area of the operator's hands during the course of operation on a piece or garment. It did
not include initial reaches to obtain the work piece or reaches to dispose of finished work. Reaches
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to raw and finished materials were measured from the operator's proximal shoulder to the grasp at
the point of acquisition or release.

The workstation physical assessment also included measures of the weight of the work piece
handled, how many were handled at one time (e.g., if 6-7 pieces were lifted at a time from the supply
cart or truck to the operator's lap), the force required to actuate needle movement, and the force
required to bring the machine to full operation. Forces and weights were measured using a Chatillon
DFG-100 Digital Force Gauge. Any operator comments on workstation attributes were also
recorded.

2.4 ENVIRONMENTAL MEASURES

2.4.1 Noise

A general noise survey was conducted at each facility using a General Radio Model 1982 Sound
Level Meter (GenRad). The sound level meter was calibrated with a General Radio 1562-A Sound
Level Calibrator before and after each survey. A representative sample of plant noise levels was
obtained for both ambient noise and noise close to the operators' ears. At locations where the Gen-
Rad indicated levels approaching 90 dBA for an instantaneous measure, a Quest Electronics Model
Micro 15 Permissible Noise Dosimeter was utilized to further investigate exposures. An employee in
each target location volunteered to wear the dosimeter for a full shift.

2.4.2 Illumination

Lighting measurements were taken with a Gossen-Panlux light meter that is both color and
cosine corrected to approximate the sensitivity of the eye to different wavelengths. Illuminance
readings were taken at most sewing room task locations in each plant. Measurements were obtained
with the probe in the horizontal plane close to the workstation point of operation (POO). Generally,
two measurements were taken at each workstation: one with and one without the use of supplemen-
tary or task lighting (if available). The illuminance values collected were then compared to those
recommended by the Illumination Engineering Society of North America (IESNA, 1981) for men's
clothing manufacture. The IESNA illuminance categories and target values are based on the average
age of the workforce, demand for speed and accuracy, and the background reflectance.

2.4.3 Temperature

A general temperature and thermal comfort survey was conducted at each facility using a Reuter-
Stokes Model RSS-21 ID "Wibget" Heat Stress Monitor. A representative sample of levels was
obtained for both dry bulb and wet-bulb-globe temperatures (WBGT) in degrees Fahrenheit.

S
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"3. RESULTS

3.1 ANTHROPOMETRY

The anthropometric population for the study totaled 123 female subjects. The population aver-
aged 40 years of age (standard deviation 14 years, range 16-74 years). The mean, standard deviation,
and 5th and 95th percentile values for each dimension are reported in Tables 1-3. Additional com-
parison values are provided from Society of Automotive Engineers publication SAE J833 DEC83
entitled "USA Human Physical Dimensions," MIL-STD-1472C, and HEW National Center for
Health Statistics 1960-1962 study.

The following factors should be taken into account when comparing the data:

1) The HEW figures listed are taken from the NASA Anthropometric Source Book, Volume I-
Anthropometry for Designers. It should be noted that the NASA reported figures represent
only that part of the population between ages 25-40. The actual HEW study reports figures
from ages 18-79. This somewhat limits comparison with the current study population. How-
ever, as the NASA document is considered a "good" reference for equipment design, the data
is provided for comparison.

2) SAE J833 DEC83, presumably a civilian database, is actually a hybrid composed of both
civilian and military data. The level of influence varies depending on the dimension selected.

3) The MIL-STD- 1472C data is provided for comparison with female design criteria for
military designs.

These notes point out the serious lack of current dimensional data for female civilians. As the
comparative data provided is excerpted from some of the moxe commonly utilized design references,
the level of potential design contamination due to data from military populations (which tend to have
their own particular population characteristics) and limitation of the population age range (which
influences distributions) is readily apparent. Designers should consider these factors when utilizing
these sources.

3.2 MUSCULOSKELETAL DISORDERS

Based on the available 1988 and year-to-date 1989 OSHA 2MX logs, the incidence of cumulative
trauma disorders at Plants A and B (total of 4 cases) was approximately 167 cases per 10,000 em-
ployees. Plant C did not allow us to review their log information, but one case each of tendinitis,
carpal tunnel syndrome, and bursitis was reported during the interview process. When employees at
Plants B and C (N = 94) were asked if they experience joint numbness at night, 34 percent re-
sponded "yes". Approximately 90 percent of these individuals reported that the numbness involved
the hands, wrists, and/or fingers. Since numbness of the hands, particularly at night, is a possible
symptom of carpal tunnel syndrome, this finding suggests that the injury/illness records may not
accurately reflect the true prevalence of CTS in the workplace. To substantiate this claim would
require diagnostic measures and medical interpretation. Four back strains apparently due to bundle
or fabric handling were also reported during this period with no detectable job trends.



Table 1. Selected Standing Body Dimensions
of Female Apparel Manufacturing Workers

l5

1234 -•

Percentile
Dimension Mean SD 5th 95th Source

(1) Stature 160.7 6.4 150.2 171.2 Current Study
(cm) 161.7 6.3 151.3 171.9 U.S. HEW Civilians a

163.3 152.4 174.1 U.S. Army MIL-STD-1472Cb
160.0 150.0 170.4 SAE USA Physical Dimensions c

(2) Eye Height 150.6 6.2 140.5 160.7 Current Study
(cm) U.S. HEW Civilians

151.5 140.9 162.2 U.S. Army MIL-STC-1472C
150.4 142.2 158.6 SAE USA Physical Dimensions

(3) Shoulder 133.3 5.9 123.7 143.0 Current Study
Height U.S. HEW Civilians
(cm) 133.3 123.0 143.7 U.S. Army MIL-STD-1472C

132.9 123.0 143.4 SAE USA Physical Dimensions

(4) Elbow 103.1 4.5 95.6 110.47 Current Study
Height U.S. HEW Civilians
(cm) 102.8 94.9 110.7 U.S. Army MIL-STD-1472C

SAE USA Physical Dimensions

(5) Arm Length 69.8 3.6 63.9 75.6 Current Study +

(cm)S
No comparison data available for this characteristic.

,b,C See end of tables (p. ) for references

" No comparison data available
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Table 2. Selected Seated Body Dimensions
of Female Apparel Manufacturing WorkersS

1

S3

Percentile
Dimension Mean SD 5th 95th Source

(1) Seated 84.2 3.5 78.5 90.0 Current Study
Height 85.6 3.3 79.9 91.4 U.S. HEW Civiliansa
(cm) 85.0 79.0 90.9 U.S. Army MIL-STD-1472C b

84.8 78.5 90.7 SAE USA Physical Dimensions c

(2) Thigh 15.0 2.1 11.6 18.5 Current Study
Clearance 13.9 1.9 10.7 17.8 U.S. HEW Civilians
(cm) 14.0 10.4 17.5 U.S. Army MIL-STD-1472C

13.7 10.4 17.5 SAE USA Physical Dimensions

(3) Popliteal 41.7 2.5 37.6 45.8 Current Study
Height 40.0 2.6 35.8 44.3 U.S. HEW Civilians
(cm) 41.8 38.0 45.7 U.S. Army MIL-STD-1472C

39.9 35.6 44.5 SAE USA Physical Dimensions

No comparison data available for this characteristic.
A. b, See end of tables (p. ) for references
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Table 3. Selected Hand Dimensions of
Female Apparel Manufacturing Workers

S
2

a a!

a -

N.

Percentile
Dimension Mean SD 5th 95th Source

(1) Hand 17.5 .9 16.1 18.9 Current Study
Length U.S. HEW Civiliansa
(cm) 18.0 16.1 20.0 U.S.Army MIL-STD-1472Cb

17.9 16.1 20.0 SAE USA Physical Dimensions c

(2) Hand 7.b .4 7.1 8.5 Current Study
Breadth U.S. HEW Civilians
(cm) 7.7 6.9 8.5 U.S.Army MIL-STD-1472C

7.4 6.9 8.4 SAE USA Physical Dimensions

"No comparison data available for this characteristic.
a Stoudt, H.W., Damon, A., McFarland. P. and Roberts, J. (1965). Weight, height, and selected body dimensions of adults,

United States, 1960-1962. Vital and health statistics, series 11, No. 8. Washington, D.C.: U.S. Dept. of Health, Education,
and Welfare, as cited in:
Webb Associates. 1978. Anthropometric Source Book, Volume I-Anthropometry for Designers. (NASA Reference
Publication 1024). Washington, D.C.: National Aeronautics and Space Administration, (NTIS No. N79-11734).

SDepartment of the Army. 1981. Human Engineering Design Criteria for Military Systems, MIL-STD-1 472C. Natick, Mass.:
U.S. Army Natick Laboratories.

Society of Automotive Engineers. 1983. USA human physical dimensions. SAE J833 DEC83. Warrendale, Penn.: Author.
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3.3 POSTURAL DISCOMFORTS Improper job design and badly designed workplaces can often create aches and pains in the
muscles and joints of assembly workers. This can result from awkward working postures, excessive
reaches to obtain or dispose of work, excessive manual manipulation of parts, excessive strength or
muscular endurance requirements, or combinations of these factors. It is possible, therefore, to
obtain clues about workplace and job design problems by exploring the patterns of musculoskeletal
discomfort experienced by the operators while on or off-duty.

In addition, these data on musculoskeletal discomfort can provide information useful in estab-
lishing priorities for automation of l5articular sewing operations in the advanced technology sewing
workplace. Chronic, work-related discomfort is one possible reason for attrition of highly skilled
sewing operators as well as a potential cause of absenteeism and lowered productivity. If operations
that are particularly stressful to •e musculoskeletal system can be successfully automated, or if the
conventional workplace can be modified to promote comfort, it will be easier to retain experienced,
skilled workers and to maintain their productivity.

One goal of the Phase I effort was to document patterns of musculoskeletal injury or discomfort
experienced by apparel manufacturing operators and to begin to correlate these discomfort patterns
with the job and workplace elements that might be causing them. Using the procedures described in
Section 2.2 (Methods), 121 female sewing operators rated the frequency with which they experi-
enced muscular or .joint soreness that might be related to their jobs in each of 16 areas of their bod-
ies. Workers were asked to respond that they experience pain in a given area "never," "sometimes,"
"frequently," or "constantly."

The overall results are shown in Figure 1. Approximately half of all interviewed workers re-
ported that they at least "sometimes" experience pain in their upper back (52%), neck (49%), and
right hand (48%). One-third or fewer workers reported that they at least "sometimes" experience
pain in their right arm (33%), right leg (26%), right toot, (269), right knee (249r), left arm 24(),
left leg (22%), left foot (209%), and lekt knee (17%).

On the bases of observation and of interviews with an experienced methods engineer, the sewing
jobs were classified as requiring "low", "medium", or "high" amounts of manual manipulation of
materials. High manipulation jobs identified were:

SIDE SEAM SIDE AND INSEAM

TOPSTITCH BLINDSTITCH BAND

TOPSTITCH LEFT FLY ATTACH AND FINISH RIGHT FLY

SEAT SEAM

Medium manipulation jobs were:

SET FRONT POCKETS J-STITCH LEFT FLY

SERGE ZIPPERS AND FLIES REPAIR TOPSTITCH WINGS

BIND BROADFALL CROTCH PIECE

FACE AND CLOSE FRONT POCKETS

1
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- >45% REPORT DISCOMFORT

S361% - 45%

- 26% - 35%

-- an

Figure 2. Percentage of Workers Reporting Musculoskeletal Discomfort by
Body Area
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p Low manipulation jobs were:

TOP CORD BACK POCKETS FACE BACK POCKETS

LABEL BACK POCKETS MAKE LOOPS

TACK LOOPS TRIM/INSPECT/SIZE TICKET

TAPE CROTCH SPLIT BROADFALL

PATTERN STITCH MARK BUTTON HOLES

EYELETS FINISH BACK POCKET

ROCAP BANDS PRESSING

BUTTON WRAP HOOK AND EYE

SLIDE AND STOP POCKET WELT

TURN POCKETS SEW BACK DARTS

Figure 2 demonstrates the differences in discomfort frequencies between low manipulation and
high manipulation jobs. Operators in high manipulation jobs reported substantially greater levels of
musculoskeletal discomfort overall. Greatest discomfort levels were concentrated in the upper and
middle back, neck, right shoulder, and hands. Seventy-three percent of the high manipulation
operators reported pain in their right hands, the highest discomfort frequency identified by our
analyses. Fifty percent of the low manipulation operators experienced upper back pain, roughly the
same percentage as high manipulation operators (54%). In contrast to the general trend, the low
manipulation workers reported almost double the frequency of lower back pain (39%) of the high
manipulation workers (23%).

While the vast majority of jobs were performed while seated (97 of 121), a smaller number were
performed standing (18 of 121) or both seated and standing (6 of 121). Some jobs (e.g., slide and
stop and pocket welt) were done while standing at some locations and sitting at others. Figure 3
shows the differences in discomfort frequencies between the seated operators and the standing
operators. It is apparent that overall discomfort is markedly less in the standing operations. As would
be expected, standing workers reported a higher level of foot discomfort than did the seated workers.
Complaints of pain in the back, neck and shoulders, however, were fewer, probably due to the more
erect posture used by standing workers. Complaints of hand pain were fewer, probably because the
standing jobs, on average, required less manipulation of materials.

An interesting trend was noted in analyses of discomfort frequency by operators of different
chronological ages and levels of experience. Reports of musculoskeletal discomfort were most
frequent among the relatively young workers (those between the ages of 26 and 35 years) and among
those with one to three years of sewing experience. Substantially fewer reports were made by those
over 55 years of age and those with over 25 years experience. This trend might be attributed to one
or more of several factors. Some of the older workers appeared less willing to discuss their aches
and pains, possibly fearing retribution by management. In other cases, older workers had been
transferred to less physically demanding jobs. Finally, there is probably a significant amount of self-
selection by which workers who are susceptible to musculoskeletal injuries leave this workforce and
seek other .jobs within the first years of work.

It was expected that we would find a substantial degree of similarity between the three interview
sites in the discomfort experienced by the operators. This expectation was supported by the data. For
each of the three sites, the 16 areas of the body were ranked according to the frequency with which
work-related discomfort was reported at least "sometimes." Spearman Rank Correlation coefficients
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were then calculated between each pairing of the three sites. Table 4 presents the results of these
calculations.

TABLE 4. SPEARMAN RANK CORRELATION BETWEEN THREE INTERVIEW SITES

OF BODY PART DISCOMFORT FREQUENCY

SITE A SITE B SITE C

SITE A 1.00

SITE B .35 1.00

SITE C .54* .57* 1.00
• Statistically significant beyond .05 level.

Probably the major difference between data from Site A and data from the other two sites is that
there was little indication of hand and wrist discomfort at Site A. At Sites B and C, by contrast, hand
pain was the most frequent physical complaint. At Site A, pain in the right shoulder was a major
complaint while it was not at Sites B and C.

Site B had disproportionately larger amounts of foot discomfort, possibly because of a larger
percentage of standing operations. There were also a larger number of complaiats of right arm pain
than at the other two sites.

It is important to be aware of the potential limitations on the validity of these body part discom-
fort data. Self-reports of work-related pain are subject to many biases. First, there are significant
individual differences in what is perceived as pain and differences in what kinds of pain are attrib-
uted to work-related difficulties. Numerous workers reported discomfort in various parts of their
bodies but attributed this to normal aging processes rather than to their jobs. Second, these reports
depend on the memory of the operators being interviewed. Recent experiences with discomfort will
likely be over-reported while experiences in the more distant past may be over-reported or under-
reported. Finally, there may be a reluctance to report discomfort because of a fear of retribution by
supervisors (even though workers were assured that interviews were confidential) or out of a sense
of loyalty to the organization. Operators at one site seemed especially reluctant to report difficulties
of any kind. While working conditions at this site were certainly no better than at the other two sites,
both physiological and environmental complaints were substantially lower.

3.4. VIDEO ANALYSIS

3.4.1. Hands

The cycle time of the 14 jobs analyzed ranged from 10 to 109 seconds with most in the 20 to 40
second range. There were an average of 29.9 left and 25.6 right hand posture changes per cycle.
Comparing individuals working at the same job with different experience levels shows that experi-
enced employees work significantly faster than employees with less experience. This "working
faster" also appears to he associated with greater hand activity per minute. Table 5 summarizes the
video registration and analysis results. Duration is the percent of the cycle time spent in each posture
category. 1
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TABLE 5. VIRA RESULTS

POSTURE CATEGORY DURATION
Left Hand Right Hand

Pinch (lateral and pulp) 50.1 54.9

Flat Press 25.7 19.5

Ulnar Deviation 29.5 29.8

Radial Deviation 7.2 5.5

Flexion 16.7 15.3

Extension 14.4 18.3

The results show small differ'ences or symmetry between right and left hands for most of the
posture categories. Further, there were no major differences concerning experience level and job
manipulation category (see Section 3.3). Wrist ulnar deviation and pinching were the predominant
wrist activities for most of the observed jobs. Right and left hand radial deviation was used less than
10 percent of the time by more than 7(1 percent of the subject population. Eleven employees used left
hand pressing for 30 to 50 percent of the cycle time; only four employees used right hand pressing in
the same duration category. The converse was true for the pinching activity. Eleven subjects pinched
with the right hand for more than 60 percent of the time compared to five subjects who pinched with
the left hand. Generally, the left hand was used for course manipulation invoiving a pinch grip and
pressing to push or produce tension on the fabric. Fine manipulation was accomplished with the right

* hand, usually with a pinch grip.

3.4.2 Neck and Back

Overall, 40 percent (12) of the thirty subjects stooped forward (i.e., torso flexion) at least 20
degrees during the machine cycle. Sixty percent of the subjects tilted their heads more than 20
degrees throughout most of the machine cycle. This pattern did not change when looking only at the
twenty-five subjects working at seated jobs. Sustained hunched-over work postures in excess of 20
degrees have been cited as a factor associated with muscle fatigue, pain and discomfort (Greenberg
and Chaffin, 1976; and Grandjean,1988).

3.5 SEATED WORKSTATION CONSIDERATIONS

3.5.1 Workstation Design

Sixty percent of the seated workers indicated during the interview that they lean forward, usually
to get closer to the work. This reported adaptation to visually demanding work is supported by the
vid-o analysis results (see Section 3.4.2). The preponderance of pain in the neck and upper back
(Figures 1, 2, and 3) can be attributed, at least in part, to this hunched working posture. This hypothesis is
supported by a comparison between seated and standing workstations (Figure 3). Workers in seated
jobs reported substantially greater frequency of upper back pain (55%) and neck pain (54%) than did
those in standing jobs who reported corresponding frequencies of 39% and 22% for the back and
neck, respectively. Several workers stated that this posture is necessary to obtain maximum job

* production and wages in the piece-rate industry.
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The tendency of operators to perform work in a bent or slumped posture indicated a potential
conflict between workstation and operator dimension. Analysis indicated that the treadle typically is
located too close to the proximal edge of the work surface (perhaps due to optimization for the 5th
percentile or small operator). The conflict between leg room, comfortable leg posture for treadle
operation, and the need for handling the piece at the point of operation (POO) results in one of two
general postural adartations. The most frequently observed was the case of nominal leg position
(lower to upper leg angle roughly 110 degrees or greater) combined wvith 25-30 degrees of upper
body deviation from the vertical. A second, rarely observed posture brought the operator closer to
the POO at the expense of leg comfort (lower to upper leg angle 90 degrees or less). This second
posture typically required foot extension (acute foot-lower leg angle) to maintain the machine in an
idle mode and a greater degree of extension combined with twisting of the ankle to engage the
treadle activated presser foot release.

Support for this observation 'Came in two forms. In the operators measured, the average distance
from the back of the chair (approximating proper normal back position) to the POO was only 3 cm
less than the arm length of the 50th percentile operator. This indicated that dynamic activity at the
POO would require a shortening of this distance (average reach required 84 cm, recommended reach
45 cm or less)(Kodak, 1983; Tichauer, 1978). The second analysis concerned treadle position.
Average treadle position was roughly 15 cm from the proximal edge of the work surface.

A second factor limiting operator access to the workstation was the location of various obstruc-
tions under the work surface. These obstructions were typically drive motors, pneumatic equipment,
power or pneumatic lines, and various machine guards. It is probable that these devices were located
under the work surface to minimize interference with the work being performed on top of theS, surface, to create additional floor space, and even to improve equipment and personnel safety (relat-
ing to trip and fall hazards, burns, shock, etc.). However, the placement of these devices was not
optimal for operator access in the majority of cases.

While typical minimum recommended leg/knee room averages around 46 cm (Diffrient, et. al.,
1985; Kodak, 1983), the presence of these obstructions in some cases limited available space to less
than 25 cm. Leg clearance also proved to be a problem in some cases where obstructions under the
work surface reduced clearance room by 5-8 cm. This problem was somewhat insidious in that the
clearance distance from the floor was still adequate in most cases, but with the placement of the foot
on a treadle located around 8 cm off the floor, the potential for upper leg compression due to lack of
clearance became evident.

The resultant postural adaptations that the obstructions and treadle placement necessitate contrib-
ute to fatigue. The most probable high impact areas would be the neck, upper back, shoulders,
middle and lower back and arms. The greater distance from operator to POO also increases sight
distance on a task which typically requires high acuity at the POO.

3.5.2 Chair Design

The chairs typically encountered in the sewing environment were generally too small in the seat
pan, lacked any cushion for reducing compression and fatigue, lacked (though not in all cases)
adjustable backrests, and were not properly adjusted in height. The chairs often had no provision for
swiveling or other motion and no armrests for upper extremities support. In some cases, chair height
was modified by the plant in conjunction with an increase in height in the workstation to accommo-Sy date the use of clamp trucks for garment bundle transport. These factors resulted in operator adapta-
tions including the use of pillows or pads to improve comfort and seat support.
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In contrast with recommended seat pan dimensions of 41 cm in length and 43 cm in width
(Diffrient, et. al., 1985; Kodak, 1983) the average chair measured roughly 35 cm in length and 35 cm
in width. In plants with chairs at normal heights, the height of the chair approximated the recom-
mended height of around 40) cm off of the floor for the average female operator. However, the lack
of adjustability would impact smaller and larger operators. The treadle height typically required a
foot position at an additional 7-8 cm above the floor. At this height the larger operators' thighs
would be largely unsupported and an uncomfortable acute torso to leg angle would be required to
perform operations, exacerbating the conditions already noted under Section 3.5.1 (Workstation
Design). At workstations adjusted for clamp trucks, seat height averaged 62 cm while treadle height
averaged 24 cm. The stations adjusted for clamp trucks were not typically provided with a footrest
for the operator to support the leg and reduce compression on the back of the thigh. For comparison,
the 50th percentile female operator popliteal height was 41.7 cm.

Cushions were utilized by m'ost operators (91 percent of the seated interviewees) with the pos-
sible benefits of improved height and increased pliancy and area of the load bearing surface (which
would tend to reduce the effects of compression on both the buttocks and thighs as well as increase
comfort). Some operators also used cushions on the chair back. The average cushion adjustment
increased seat height by 3-6 cm when compressed.

3.5.3 Workstation Raw & Finished Material Access

Bundled materials were typically delivered on a clamp truck or horse-type cart. Location of the
cart was adjustable by the operator in most cases. However, proximity to the operator's workspace
was often limited by the amount of room required by the operator for processing the garment or
piece and lack of physical space. This resulted in reaches to raw materials of roughly 48 cm on
average with a discharge reach of 60 cm to finished goods. A recommended reach envelope for
frequent lifting is 40 cm. Space problems frequently required that operators locate the truck or horse
at an angle of 85 degrees or greater to the orientation of the torso. This required the operator to reach
over and in some cases back at arm's length to obtain and discharge the materials. Operators were
also observed twisting in the chair during lifts and attempts to move the cart or truck.

Note that operators using horses tended to pick up raw materials from one side of the body in a
bunch of 4-8 pieces weighing 2-4 kg and discharge finished goods one piece at a time on the oppo-
site side. Operators using clamp trucks handled single pieces (weighing an average of 0.5 kg) and
acquired and disposed of them on the same side of the body.

3.5.4 Treadle Force

Treadle forces required to activate and sustain machine operation showed a great deal of variabil-
ity. Only one plant's range of forces (though still highly variable) fell within the recommended
ranges (Kodak, 1983; MIL-STD-1472C, 1981). The problem appears to be in maintenance. As the
clutch device wears, the level of force requircd to activate the treadle changes. The result is a wide
variation in forces required to operate between machines.

TABLE 6. COMPARISON OF MEASURED VERSUS RECOMMENDED FORCE RANGES FOR
TREADLE ACTIVATION FOR ALL SITES

Industrial
Measured (Kodak) MIL-STD-1472C

Force range 5-98 N 15-90 N 45-90 N
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3.6. ENVIRONMENTAL CONSIDERATIONS

3.6.1 Noise

Noise levels indicated the potential for exposure above U.S. OSHA regulations in some cases.
Overall, the sites averaged roughly 82 dBA ambient with a mean of 83 dBA measured at the opera-
tors' ears. Dosimetry results identified serging as a consistent exposure area above the OSHA speci-
fied Action Level of 85 dBA for an eight hour shift and, in at least one case, above the permissible
exposure limit of 90 dBA. The high noise levels in the serging areas are attributable to several
factors:

1) The practice of grouping serging machines in a task cluster

2) The resultant maintained noise level due to several machines operating simultaneously
during the majority of the, shift so that the overall exposure rarely drops off

3) The combination of high frequency air noise and impact noise characteristic of serging
machines

3.6.2 Illumination

Most sewing operations are visually demanding. Therefore, less than adequate lighting could
cause workers to assume a hunched over posture to gain vision down into the work. The average
general illuminance on the workstation (N=396) for all three locations was 78.4 footcandles (fc).
Task illuminance, considered to be the combined illuminance of supplementary plus general light-
ing, was 168 fc. Whereas Plant A and B had similar values, they were substantially less than the
Plant C facility averages. This appears to be due in part to the more effective use of fluorescent
luminaires (i.e., lamps plus fixtures) at Plant C. In all three cases, however, most workstations
provided less than 60 percent of the IESNA recommended value of 3(X) footcandles for performance
of visual tasks of low contrast and very small size over a prolonged period. For working on white
material with a high reflectance the recommended value is 200 fc. Most workstations provided less
than 90 percent of this value. Sewing machine operators often do not use the available task lamps
(i.e., supplementary lighting) or position them so they are less effective. Furthermore, in Plants A
and B many fixtures were poorly maintained. Overall, 36 percent of the employees interviewed
considered lighting to be a problem. Age and experience might be factors as 53 percent of workers in
the 36 to 45 year age catt;gory and 53 percent of workers with 5 to 10 years experience reported
lighting as a problem at least sometimes (i.e., at least a 2 rating on a I to 4 scale).

3.6.3 Temperature

Overall, the temperature levels in the sewing work environment reflected a nominal level of
thermal comfort with with little fluctuation in temperature. Average temperatures ranged between
73-74 degrees F with an average WBGT ranging 65.7-67.6 degrees F. The mean dry bulb tempera-
ture varied less than 1 degree and WBGT index varied by less 2 degrees between plants. Distribu-
tions within plants were also fairly narrow with low standard deviation (e.g., 0.2 typical). These
readings were obtained in plants which were climate controlled with air conditioning systems during
the summer months. With the exception of non-air conditioned spaces and some types of pressing
operations, thermal levels measured fell within the comfort range (roughly 68-78 degrees F). Even
so, 87 percent of the interview population reported a problem with temperature at least some of the

* time.
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* 3.7 TRAINING CONSIDERATIONS

Training of workers in the apparel manufacturing industry is an important consideration. Many
of the jobs require the operators to learn complex psychomotor skills that can take many months to
fully develop. In some jobs, as much as four months practice are needed to obtain the minimal skill
level required to meet the standard production rates. Yet, apparel manufacturing in the Southeast is a
high-turnover industry due, in great part, to the demand for inexpensive labor by other industries.
Expensive training investments can be lost when new workers leave before or soon after their rates
approach profitability.

Increases in production and productivity could be achieved if improved training methods reduced
the time required for the development of the required sewing skills. Yet, at the sites studied in this
phase, training was inconsistent and did not use methods found to be effective in other industries.

Initial training of sewing opetators was performed as on-the-job training in all three of the plants
we examined. One plant had a specialized training department responsible for initial and continuing
training; the other two plants provided training by the floor supervisor. Training periods varied from
a few days to as much as four months. None of the plants provided formal specialized training for
their supervisors and trainers in effective methods for providin,, training and performance feedback
to new workers or those transferring to a new job.

The 121 female sewing operators interviewed during the site visits were questioned about the
training they received at the sites under study. Most reported that training consisted of a brief dem-
onstration of the proper way to perform their assigned job with occasional follow-up suggestions at
later times. Only 17% reported that they were shown or provided with any kind of charts, pictures, or
written descriptions of how to perform their jobs.

The use of videotapes is gaining acceptance in many industries as a way to train psychomotor
skills. Two of the three sites that were studied are making some use of videotapes but tapes are
typically being made for engineering purposes rather than training.

Videotapes can be used to demonstrate exemplary performance. Star workers can be taped so
that their work procedures and methods may be shown to new operators in that position to show how
the job should be done and to prove that it is possible to make the required rates. In addition, tapes
can be made of the person being trained in order to show deviations from the desired work methods.
Videotapes provide the flexibility to allow slow-motion studies of methods and they can be replayed,
in full or in part, as often as desired.

Of the operators interviewed, 13% reported that some use of videotape had been made during
some portion of their training. Of the 16 operators who reported that videotape had been used, 31%
reported that the tapes were used during their initial job training period while 69% reported that they
were used during a change of jobs or to provide suggestions for improved work methods on their
original job. Fifty-six percent of these workers reported that the slow motion capability was used to
enable them to better see the sewing techniques being demonstrated. Sixty-three percent reported
that they were allowed to study the tape for as long as they wanted while 37% would have liked
more viewing time. Eighty-one percent reported that someone (a supervisor or engineer) was present
to explain what they should learn from the tape while it was being shown.

Because of the hunched posture adopted by most of the operators, the interviewees were asked
whether they had ever been instructed in the importance of correct posture while they are working.
Only eight percent reported receiving such instruction. At one site, management stated that posture

22



instruction is mandatory for all operators but, at this site, only four percent recalled receiving such
_ instruction. Obviously, if such instruction really is being presented, it is not having a major impact

on the workforce.

Numerous jobs require the handling, lifting or moving of relatively heavy loads such as bundles
of trousers. Yet, only ten percent of sewing operators reported that they had received training in the
proper way to lift heavy articles. Seventeen percent of the operators reported that they had received
instruction in other safety-related aspects of their jobs.

There was evidence, however, that improvements in employee training are being made, espe-
cially in the training of newly hired-workers. Table 7 shows the percentage of workers at each of
three experience levels who reported receiving training using visual aids and video tape, on posture,
on lifting, and on other safety issues.

TABLE 7. PERCENTAGE OF OPERATORS REPORTING EACH KIND OF TRAINING

EXPERIENCE VISUAL VIDEO POSTURE LIFTING SAFETY
LEVEL (YEARS) AIDS TAPE TRAINING TRAINING TRAINING

LESS THAN 3 30% 10% 17% 13% 30%

3-10 15% 18% 7% 14% 14%

MORE THAN 10 12% 13% 5% 6% 11%

Based on these data, there appears to be a trend toward more complete training among the
younger workers. The exception seems to be in the use of videotape in training. Recall, however,S that operators reported only infrequent use of videotapes during their initial training. These data
would suggest that the recent use of videotapes has concentrated largely on the more experienced
workers rather than as a tool for initial training.

Performance feedback is an important element of psychomotor training. Because of the piece-
rate nature of the industry, it is relatively simple to assign performance measures based on the
number of pieces produced and the number rejected by inspectors. In one plant, a daily record of
pieces produced is plotted against an ideal learning curve and posted above the workspace of each
trainee. More direct and immediate means of feedback and performance remediation might be more
effective.

In one plant, a computer controlled conveyor line provides a capability to display instantaneous
readings of the current rate and earnings achieved by the operator on a screen at each workstation.
Operators report that this capability is seldom used because it requires several keystrokes to obtain
this display and the data are in a format that is not easily interpreted.

Recommendations for the improvement of training are included in Section 4.4 (Conclusions and
Recommendations) of this report.
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p 4. CONCLUSIONS AND RECOMMENDATIONS

4.1 ANTHROPOMETRY

When utilizing anthropometric data as an aid to workstation design, an appreciation of the
following considerations can prove useful:

In examining the evidence, it is apparent that a design for an average person will not accommo-
date the significantly larger or smaller individual. To correct for this, designers usually will attempt
to address the 90 percent of the population between the 5th and 95th percentiles. However, individu-
als will vary in their percentile score on each particular dimension. A person of 95th percentile
height may have a 85th percentile arm length, etc. Additionally, every sub-population (e.g., all
female operators in a plant) may .ary from the larger population (e.g., HEW civilian females) as
illustrated in Tables 1, 2, and 3. Considering these factors as well as the dynamic nature of the work
performed at a sewitig workstation, it becomes apparent that workstation design dimensions must
incorporate adjustability to accommodate as much of the workforce as possible.

The data from this study may be used as a reference for designers attempting to develop equip-
ment for the apparel manufacturing environment. The statistical significance of departures from the
larger populations has not been assessed. However, the variations between the study data and exist-
ing sources of anthropometric design data indicate the need for proceeding with caution when
utilizing these general design data sources.

S 4.2 WORKSTATION DESIGN

Among parts and assembly sewing operators, complaints of musculoskeletal discomfort focused
on the upper extremities and torso. Video analysis of the target jobs revealed the presence of bio-
mechanical or postural stressors that might account for this reported discomfort. The one common
problem that clearly needs to be addressed is the lack of adequate chair and workstation
adjustability.

All target jobs were hand intensive and the use of ulnar deviation, grasping with a pinch grip,
and flat pressing was commonplace. This finding is important since forceful exertion (e.g., pinch-
ing), repetition, and non-neutral wrist postures (e.g., ulnar and radial deviation and flexion and
extension) have been implicated as risk factors of cumulative trauma disorders. However, there was
insufficient epidemiological data to support any relationship between posture, discomfort, and
disease. With a large number of iaterviewees reporting night numbness of the hands, it is apparent
that further research is needed to accurately determine the prevalence of CTDs in trouser manufac-
turing.

To eliminate the use of hand motions altogether will require automation. To reduce the amount
of activity will require both workstation modifications and a careful examination of the piece rate
system of payment that might encourage working at a fast pace. Wick and Drury (1986) have re-
ported success in reducing the frequency of severe torso flexion, hand motion and ulnar deviation by
modifying the workstation and providing adjustable chairs. Ostensibly. some of the high risk hand
activity is nonessential and could be reduced through structured training in the importance of motion2
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economy and biomechanics. But it is generally agreed that the training effect is at best temporary
and will require further investigation.

It is well established that frequent and sustained forward flexion of the torso creates stress on the
neck, back, and shoulders. The two factors identified that alone or togcther can cause the worker to
assume this posture include poor lighting and a point of operation outside the normal viewing zone
and reach envelope. The point of operation incompatibility is created by a rigid workstation and
chair and/or the lack of adequate leg and table space. In Phase II we will measure the impact of
using an easily adjustable, upholstered chair in combination with adequate lighting and posture
training on back and neck posture aRd on emloyee comfort.

Frequent lateral reaches to acquire and dispose of fabric bundles can add to the loading of shoul-
der muscles, promoting muscle fatigue. This reaching activity in conjunction with chairs that lack a
swivel capability can cause the employee to twist his/her upper torso, creating large stresses on the
back. The use of swivel capable chairs, horses, clamp trucks, and other between station delivery
systems should allow workers to transfer the garment or raw material without bending, twisting, or
excessive reaching at or above shoulder height. Spring-loaded or self-leveling carts might prove
useful. The design of the clamp trucks that require workstation height adjustments for their use
needs to be re-evaluated by the manufacturer. The industry should seek a design that would be
compatible with existing workstations and would allow trouser transfer without the garment legs
draggipg on the floor.

To promote comfort and work tolerance at standing workplaces, antistress mats could be used for
more even weight distribution on the feet. Although sit-stand is preferred, it is not recommended for
workstations that require a high degree of movement between task locations (e.g., zipper stop). PW
back pockets was seen as both sit or stand. As with most work, the point of operation should be
within two inches of elbow height (which can be estimated by taking sixty-three percent of stature).

Hand and power tools were rarely mentioned by interviewees as causing discomfort. This might
be due in part to the absences of specific interview questions concerning their use. In any event,
some employees were seen wearing band-aids which is indirect evidence that the frequent use of
clippers and scissors might be a stressor. Scissors that are spring-loaded to assist the scissors opening
process are commercially available, but their impact on comfort and performance is inconclusive
(Tannen, Stetson, et. al., 1986). More consideration needs to be given to designing handles to allow
workers to maintain a straight wrist while pressing, cutting, and trimming. Ifons, trimmers, and
cutters also need to be counterbalanced so the operator does not need to support the weight of the
device. Vibration may be a potential problem with poorly maintained trimmers

To keep the treadle activating force to a minimum, all machine treadles should be checked on a
regular basis. Excessive force could result in leg and foot muscle fatigue.

4.3 ENVIRONMENTAL FACTORS

Inadequate illuminance can effect work performance and cause the operator to assume stressful
postures to reduce the viewing distance from the work. Training in the use of available task lighting
is needed and should focus on the need for adequate lighting and on proper lamp positioning. Main-
tenance of existing fixtures is also an important issue. When lamps begin to fail, they should be
replaced immediately. For more effective overhead or general lighting, individual companies should
consult with illumination engineers or consultants.
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While the temperature ranges measured showed a level of temperature and humidity nominally
within the comfort range, temperature ranked highest on the environmental problems section of the
interview. However, perception of thermal comfort has a high degree of variance between individu-
als. Influences on perception of temperature may include the time of day, diet, hormonal imbalances,
season, type of clothing, etc. (Fanger, 1970).

With ambient noise levels averaging above 8(0 dBA, trouser manufacturing environments may
need sound level assessment. This will of course depend on the nature and density of the noise
source(s). Futher, it is important that equipment manufacturers apply the available and emerging
noise suppression and abatement technologies in the equipment they design, manufacture, and
distribute.

4.4 TRAINING

More effective training could increase productivity and improve safety. We would make recom-
mendations in three basic areas: (1) training for the training staff, (2) increased use of audiovisual
aids, and (3) performance feedback during training.

One of the most common mistakes made by organizations is the assumption that expert knowl-
edge about a job is enough to make a person an effective teacher. In order to provide effective
instruction, the trainer also needs to know something about the principles of learning and how to use
them to best advantage. We would recommend that trainers, or supervisors who are called on to
provide training, should be given at least a brief seminar on the use of learning principles in this
specialized environment.

Audiovisual aids, including paper products such as job descriptions and diagrams and more
advanced aids such as videotapes can produce a significant improvement in training effectiveness.
Diagrams of correct techniques for operating equipment, posture, hand positions, and proper safety
practices are learned more quickly and are remembered longer than simple verbal instructions,
especially by the novice worker. Videotapes can be an even more effective training tool if they are
effectively used to demonstrate ideal methods and performance. They are especially effective if a
trainer is available to guide the training process, if features such as slow motion and multiple play-
backs are used, and if the trainee has an opportunity to practice the skills during or immediately after
presentation of the videotape training session.

It is important to provide immediate feedback to the trainee during practice of the job. Such
feedback should have both performance and diagnostic components (e.g., your average cycle time
was 47 seconds and you are making three significant extra hand motions that are slowing your time.)
Because of the piece-rate nature of the industry, performance feedback is available on a daily basis.
It could be available more often if the operator wanted to take the time to track production across
smaller units of time, but this would be inconvenient and time consuming. As previously mentioned,
computer controlled conveyor systems allow the achieved rate to be calculated and displayed, but
this process is somewhat cumbersome and is seldom used. None of these approaches allows the kind
of diagnostic feedback that is important to training in effective work methods. At a minimum, strict
supervision by the trainer is important during the early periods of training and practice to ensure that
proper methods are being learned. Videotaping of the trainee at selected times during the training
period and careful review of the tapes with the trainee (using features such as slow motion) would

10 provide better diagnostic feedback as well as allowing calculation of production speeds.
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5.0 FUTURE CONSIDERATIONS

Some preliminary observations were made on an advanced technology computerized conveyor
system seen at one plant location. The interview data showed that workers using this system (N= 12)
expressed a higher level of hand and leg discomfort than their counterparts that did not use the
system. These preliminary results and observations will be carefully examined in Phase I[. Initial
observations are as follows:

1) The conveyor system may contribute to the ambient noise level.

2) The horizontal reach component was less at the advanced technology workstations. However,
it might add a vertical component, which increases pronation in the acquisition of materials.

3) This conveyor system eliminates most cart or truck handling activities and allows the gar-
ment to approach the operator. Fewer pieces are handled at one time.

4) Flexible delivery (as opposed to standard rail delivery) may reduce some of the reach and
posture problems noted in (2). The flexible system allows individual adjustment of delivery
height and provides additional tolerance for pulling the garment to the workstation.
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APPENDIX B

INTERVIEW FORM



Date
Plant -

Interviewer

The folowing information will be used for describing the participants in
terms of age, job, sex, and. experience, and also in summarizing the
results by those categories.

Job Title
Job is performed while: seated standing both. Age Sex M F
How long employed at this plant /onM job
Extent of previous employment in similar job (approx. years) -

Major bobbies and sports activities (estimate average #hrs/week):

Medical Background
During the past twelve months, have you been treated by a doctor for any
problem related to the muscles, tendons, or joints of your body? Examples
of these problems are back strain, arthritis, tendonitis, herniated disc,
and carpal tunnel syndrome. Yes No

If yes - indicate diagnosis

Since you began workinS at this plant, have you ever worn a brace or

support of any kind due to an injury or soreness? Yes No

* (f.yes - indicate what and why)



Physical Discomfort
Tbe following questions are about physical discomforts you may experience
while working, or that you believe are work-related. Use the following
scale to indicate how often you have experienced pain or stiffness in each
body part within the past 6 months (or since starting to work here, if less
than 6 months). (circle one)

Never SometiMc Fequenty Constantl
Righthband/wrist 12 3 4
Left hand/wrist . 2 3 4
Right arm (incl. elbow)1 2 3 4
Left arm 2 3 4
Right shoulder 1 2 3 4
Left shoulder 1 2 3 4
Right foot/ankle 12 3 4
Left foot/ankle 1 2 3 4
Right knee 1 2 3 4
Left knee 1 2 3 4
Right leg 1 2 3 4
Left leg 1 2 3 4

* Upper back 1 2 3 4
Middle back 1 2 3 4
Lower back 12 3 4
Neck 1 2 3 4

Do you ever have numbness in any of your joints at night? Yes No
(If Yes, elaborate below)

Do you ever have a problem with your feet or legs going to sleep while you
are working? Yes No

List other physical discomforts you have experienced within the past 6
months that you believe are work related (for example, eyestrain, leg
cramps, etc.):

Environmental Problems
ThIe ollowing questions are about problems that you may experience in your
work- environment. Use the same scale to indicate how often each condition
creates problems in your job.

* K 5m imS e n ot nmtmly
W Temperature (hot/cold) 1 2 3 4

Drafts 1 2 3 4
Odors/fumes t 2 3 4
Equipment noiscs 1 2 3 4



S Other distracting noise 1 2 3
Amount of light 1 2 34
Glare from lights/windows 1 2 3 4

List any other environmental problem:

S
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. ChaIr Design and Use
The following questions are about the chair you use while workingr Answer
Yes or No to each question. Skip these questions if your job h performed
entirely while standing.

Does your chair have the following features:
adjustable seat height Yes No
adjustable backrest Yes No
swivel side to side Yes No
tilt front to back Yes No
armrests Yes No
wheels or rollers Yes No

(If seat height or backrest are adjustable, answer the following.)
Has anyone shown you bow to adjust your chair? Yes No
Did anyone adjust the chair so it would be right for you? Yes No
Con you adjust the chair yourself? Yes No

Have you adjusted the height of your chair by putting it on planks, blocks,
or similar items? Yes No

Have you used cushions in your chair to:
* Raise your seating height? Yes No

Be more comfortable? Yes No

Do you use a footrest? Yes No

Do you have enough legroom under your work table so that your knees and
legs are comfortable? Yes No

Workstation Design and Use
The following questions are about your workstation. Answer Yes or No to
each question.

Does your job require you to:
- stretch either arm fully (or almost so) to reach things? Yes No
- bend, lean, or stoop to reach things? Yes No
- raise either arm above your shoulder? Yes No
-lfting a bundle (or other heavy item) with your arms? Yes No
- carry heavy loads from one place to another? Yes No
-pqsh or pull a cart or horse? Yes No

Do yum have enough space for.
- the stacks of pieces you work on? Yes No
. other work items (supplies, clippers or scissors, etc) Yes No
O personal items you have at work (purse, coffee cup, etc) Yes No

Do you ever have a problem with:
* work table height (too high or too low)? Yes No



- beight/placement of your pedal, treadle, or knee switch? Yes No
.having to lean forward to see what you're working on? Yes No

List any other workstation problem: ,,,

0
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0 Trmigat a
The following questions are about training you may have received at this
plant. Remember that the questions are about training at this plant - not
other places you may have worked.

When you first started to work here, how long was your training period?

Have you received additional job training (such as for a different job)
since then? (Indicate what type and how long)

In any of your job training at this plant, have you been given charts, work
diagrams, or other written job descriptions to study and/or keep for
yourself? Yes No (If yes - indicate what)

Have you ever been shown a videotape of someone performing your job or ae very similar job? Yes No

U yes -
Was this done when you first trained for the job? Yes No
Did you see it in slow motion? Yes No
Were you allowed to study the tape as long as you

wanted to? Yes No
Did someone point out the major things you should

be watching on the tape? Yes No

Have you ever been trained or instructed about the importance of correct
posture in making you comfortable while working? Yes No

Have you ever been trained or instructed about the way to lift bundles or
other heavy items? Yes No

Have you ever received safety training to show you bow to operate your
mane to reduce risk of accidents and injuries? Yes No

suay other special training you have received at this plant:

0



SWork Sehedule
These last questions are about how well your work schedule meets your

needs. Answer Yes or No to say whether you think each thing would be
better for you.

Earlier start time and quit time Yes No
Later start time and quit time Yes No
Longer lunch break Yes No
Longer coffee breaks (indicate NA if not applicable) Yes No
Flexible work hours (you get to choose what 8 hours

you work between, say, 7 am and 7 pm) Yes No

General Comments

Is there any part of your job that you think is a lot harder than other
parts? Explain.

Now tell us more about any problems you mentioned in the earlier
questions, and tell us anything else you believe would help make your job
better for you.

.. , , -n
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SUMMARY

Sewing operators in apparel manufacturing plants typically use hard, straight-backed
metal or wooden chairs. Often, the seat pan height and backrest position are not
adjustable. While the operators typically customize these chairs with cushions or foam
padding, the chairs still do not promote musculoskeletal comfort or a lordotic seated
posture. Consequently, these operators frequently experience discomfort in the back and
neck.

The effectiveness of an ergonomically designed chair for reducing or eliminating postural
and musculoskeletal discomfort for operators in an apparel manufacturing plant was
investigated. The padded chai" provided easy adjustment of seat height, backrest
position, and seat pan tilt. The front of the seat pan was formed in a "waterfall" shape to
prevent the blockage of circulation to the lower extremities that is often experienced
with flat seat pans with sharper comers. The chair was designed to provide backrest
support through a range of seated positions.

During preliminary surveys, 12 female sewing operators rated their level of discomfort in
15 specific body areas at approximately two-hour intervals during the working day. In
addition, videotapes were made for later motion and posture measurements. The
subjects were then divided into two groups of six subjects each for the remainder of the
study. Control group subjects received training and recommendations on chair and
workstation adjustments and working posture. Experimental group subjects received
training and recommendations on workstation adjustments end working posture and they
received the ergonomically designed chairs for their use during the study period. After
five weeks, all subjects were interviewed and the semi-hourly comfort surveys and
videotaping were repeated.

Two weeks into the study, one experimental group operator was unable to adapt to the
ergonomic chair and asked to withdraw from the study. She reported increased levels of
leg and back pain, which she attributed to the swivel motion of the chair. The remaining
five operators using this chair adapted well to the change.

While all subjects who completed the study showed improved musculoskeletal comfort,
not only in the back but also in the upper and lower extremities, the experimental group
showed a significantly greater overall improvement than the control group. During the
preliminary surveys, all subjects reported increasing discomfort throughout the work day.
During the follow-up surveys, the control group again reported increasing discomfort
through the day while the experimental group maintained a relatively constant comfort
leveL In spite of the increased comfort shown by both groups, there were no changes in
production efficiency that could be attributed to the chairs or training.
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SBACKGROUND AND OBJECTIVES

In order for the United States apparel industry to maintain and improve its
competitiveness in the world marketplace, it must adopt emerging manufacturing
technologies and achieve the maximum benefit from them. During the transition to a
high technology manufacturing environment, jobs and workplaces should be designed to
promote employee productivity, comfort, and safety.

Ergonomics (the study of the physical and mental characteristics and limitations of
workers and the design of jobs and equipment to take these factors into account) has
been effectively applied in many working environments. These include transportation,
health care, mining, textile majnufacturing, and a host of others. For various reasons, the
practice of ergonomics or, alternatively, human factors engineering, has not yet been
extensively applied in the apparel manufacturing environment.

Under a two-year program, Georgia Tech is exploring human factors problems in trouser
manufacturing facilities in the Southeastern United States and identifying and testing
cost-effective interventions for the uncovered problems. Lessons learned from this initial
exploration will be used to predict and address related human factors issues in the
apparel factory of the future as represented by the Apparel Manufacturing Technology
Center. The principal objective of this program is to develop a comprehensive set of
specially tailored ergonomics training and reference materials that will help apparel
manufacturing supervisors and management:

(1) Identify workplace tools, layouts, and procedbres that are incompatible

with the characteristics and limitatiors of the workforce.

(2) Identify options for addressing the identified problems.

(3) Choose and implement ergonomically appropriate solutions.

The materials will specifically address ergonomic aspects of conventional and advanced
manufacturing environments in which trousers are produced.

The objective of the initial phase of the project was to collect background data on
existing conventional manufacturing workplaces and worker populations. The Phase 1
Report contaim a detailed profile of ergonomic conditions in conventional trouser
manufacturing. The second phase, on which this report is based, focused on the impact
of an ergonomic intervention (an adjustable, ergonomically-designed chair for the sewing
environment) on operator comfort, posture, and production efficiency in one facility.
During the third phase, researchers will investigate ergonomic concerns in advanced
technology apparel manufacturing. In the fourth and final phase, the information
contributed from each of the previous phases will be combined into the self-study

* ergonomics course.
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1. INTRODUCTION

Trouser manufacturing, whether in a conventional or high-technology workplace, is a
highly labor-intensive process with 20 or more distinct steps. Each of these steps
involves the operation of one or more kinds of power equipment such as specialized
cutting and sewing machines. The steps require significant amounts of manual
manipulation of fabric bundles, individual pieces, and unfinished garments as they are
transported, inserted into, and guided through the machines. Tasks are highly repetitive,
visually demanding and frequently performed while seated.

Seated operators comprise toughly 75% of all operators in the contemporary work
environment (Grandjean, 1988-Y. Advantages which have contributed to extent of seated
work include reduction of physiological energy expenditure, relief of lower extremity
loading, improved lower extremity circulation and potential reduction of related fatigue.
However, these are countered by several disadvantages.

When standing, the vertebrae in the lumbar region (low back) adopt a forward curved or
lordotic posture. This lordosis allows the spine to better distribute the loads imposed by
the torso and upper extremities and facilitates a mechanical advantage for the extensor
muscles in the low back. In a sitting posture the pelvis and the attached sacrum rotate
backwards flattening the lordotic curvature and even creating backward curvature or
kyphosis in the unsupported lumbar region (See Figure 1). This change in the curvature
of the lumbar region increases pressure in the intervertebral discs and stresses the discs,
low back muscles, ligaments and spinal nerves (Andersson, 1986; Nachemson and Morris,
1964; Yu and KeyserliL~g, 1989). Kyphosis may become more pronounced as extensor
muscles become fatigued and transfer additional load to the ligaments. Long term
effects of such postures may include disc and nerve disorders.

A second consideration is that in a seated position the majority of the upper body weight
is carried by two small, bony prominences on the underside of the pelvis known as the
ischial tuberosities. These structures and the tissues beneath them are particularly
adapted for weight-bearing (Floyd and Roberts, 1958). However, as an individual bends
forward, the weight begins to shift to the soft tissue of the thighs which is relatively
unsuited for load support. The resulting compression of nerves and blood vessels can
cut off circulation and create numbness, aching, and loss of sensation in the thighs.

The effects of seated posture on the spine can be reduced with the use of a backrest.
Upper body weight can be transferred to the backrest relieving discs, ligaments, and
skeletal muscles of at least a portion of their load. This effect, as measured by
decreasing disc pressure, increases as the angle of the backrest to the seat pan increases
or as the size of the lumbar support increases (Andersson, 1986). The backrest also
promotes lordosis.

S
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FIGURE 1. EFFECTS OF SITING ON SPINAL CURVATURE.

''2,

llustrtin from Grandjcan, 1988.

Figure 1- When standing (left), the lumbar spine (low back) assumes a lordotic
or forward curved posture. When seated (right), the pelvis is rotated backwards
forcing the lumbar spine to flatten (loss of lordosis) or become backward curved
(kyphotic).
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To further relieve spinal loading, improve lordosis, and relieve ischemic compression in
the thighs, several researchers (examples: Mandal, 1976; Bendix, 1984; Congleton,
Ayoub, and Smith, 1985) have evaluated chairs with forward sloping seat pans. The
forward tilt of the seat pan allows the pelvis to rotate back towards the normal standing
position distributing the load more evenly between the spine and skeletal components of
the legs and creating a larger, trunk/thigh angle.

In Phase 1 of the current project (Ortiz, Kelly, Courtney, and Folds, 1989; Kelly, Ortiz,
Folds, and Courtney, 1990), analysis of data from interviews, videotaping, and
workstation measurement consistently identified seated tasks as problem areas. Of the
121 female operators interviewed, the incidence of discomfort reported for seated
operators was markedly greater than that for their standing counterparts. Significant
increases in discomfort incidence were noted for seated operators in the neck, shoulder,
upper back, mid back and lowback regions. Motion and dimension analysis indicated
that poor seating in combination with operator/workstation dimensional conflicts
promoted slumped or hunched postures in task performance.

The typical sewing chair studied in Phase 1 had a hard metal or wood seat pan, and the
majority lacked adjustability in any dimension. The best of the chairs evaluated allowed
incremental adjustment in height and some adjustment in backrest height and proximity.
However, most of these adjustments could only be accomplished with the use of tools.
Therefore, even these chairs could only be classified as marginally adjustable in the time
intensive sewing environment

Ninety-one percent of seated operators interviewed in Phase 1 attempted to compensate
for chair deficiencies by adding cushions, pads, or pillows to the seat pan, the backrest,
or both. Cushions were used to increase height, improve backrest comfort and proximity,
and alleviate discomfort created by the compression of hard-surfaced, relatively sharp-
edged seat pans. These operator adaptations further illustrated the problems with task
seating in the contemporary apparel environment.

The extent of poor quality seating led to the selection of the chair as the target
ergonomic intervention for Phase 2. The goal of the study was to evaluate the impact of
a commercially available, ergonomically designed, adjustable chair on operator efficiency,
posture, and comfort. Special emphasis was placed on experimental controls to reduce
Hawthorne effects (Snow, 1927; Roethlisberger and Dickson, 1939) due to differences in
subject treatment All subjects whether in the experimental or control condition received
similar measurement, training, and assistance. It was hypothesized that the
ergonomically designed chair when combined with posture and chair adjustment training
and assistance would have a significantly greater impact on operator parameters than
training and assistance alone.
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2. METHOD

SUBJECT7

Subjects were 12 sewing operators at a medium-sized apparel manufacturing plant in the
Southeast. All subjects were female (as is typical of the population of sewing operators.)
Four operators were recruited from the sideseaming position, four from the serging
position, and four from the pocket face-and-close position. Subjects were paid for their
participation.

APPARATUS

The chair selected as the experimental or test chair for the study was a commercially
available model manufactured in the United States. The design reflected basic
ergonomic concepts of adjustability, compression avoidance, and low back support and
was based in part on results from studies performed for Ford Motor Company (Yu et aL,
1989). The chair was highly adjustable allowing effective operator control of seat height,
seat pan tilt, backrest angle, backrest height, and backrest proximity from a seated
position. The chair was adequately padded, and the front of the seat pan was formed
into a "waterfall" curve to reduce the impact of the chair shape on lower extremity
circulation. The chair swiveled through 3600 to facilitate ingress and egress.

* The control or conventional chair was typical of the better chairs examined in the Phase
1 study. It was not upholstered and did not swivel. Seat height, backrest height, and
backrest proximity were adjustable with some effort, but tools were required. Reflecting
the findings of Phase 1, subject operators had modified the chairs in all cases by adding
cushions or pillows to either the seat, tht backrest or both.

See Table 1 and Table 2 for a comparison of the chairs. See Appendix B for a detailed
description of each chair.

EXPERIMENTAL DESIGN

A between and within subjects design was used for the experiment. The four subjects in
each of the three selected jobs were randomly assigned into experimental and control
groups. Because of the strong effect of age on reported comfort found during Phase 1
research, an effort was made to match the experimental and control groups according to
age.

Subjects in the experimental group underwent initial measurement in their own
workstation chairs but were then transferred into the test workstation chairs for the
duration of the study. Subjects in the control group were subjected to the same
measurements as those in the experimental group, but used their own chairs. (conventional) throughout the study.
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TABLE 1.- TEST CHAIR/CONVENTONAL CHAIR ATRIrBUTE COMPARISON

ARIBTE TEST CHAIR CONVENTIONAL CHAIR

Heist 42.0 - 53.0 cm 45.0 - 64.7 cm, fixed

Support System Pneumatic cylinder Fixed hardware

Pan Size 39.0 x 41.4 cm 38.3 x 37.0 cm

Pan Shape Complex- concave/convex Flat- slightly convex

Tilt - -4 - 7 N/A

Padding 4.5 cm, average None

Swivel 360r None

Backrest Height" 8.5 - 21.8 cm 23.6 - 28.1 cm

Bacmrest Sizeb 30.5 x 18.5 x 21.0 cm 15.0 x 30.3 x 28-3 cm

Backrest Angle 800 - 1060 90°

Backrst Proximity8  1.0 - 15.0 cm 0 - 8.0 cm

Backrest Flexio. 20" N/A

Backrst Padding 3.8 cm thoracic None
6.5 cm lumbar

a- Me•sured from top of se.
b- Height z Top Width z Bottom Width.
c- Measured in from rear edge of seat pan

---- ------
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. TABLE 2.- TEST CHAIR/CONVENTIONAL CHAIR ADJUSTMENT COMPARISON

ADJUMMYT TEST CHAIR CONVENTIONAL CHAIR

Height Pull up on hand lever. Unscrew and replace 4 screws.
Continuous. yS Tools: screwdriver, pliers

2.4 cma increments. Nd

Backrest Angle/ Pull up on hand lever. Not adjustable.
Seat Pan Tit Continuous. Yd

Backrest Praxmity Pull up on hand lever. Loosen and tighten wing nut.
Continuous. Yd Continuous. N'

Backrest Height Looen and tighten knob. Loosen and tighten hex nut.
IY Tools: wrench. Continuous. N'

dInd umtbwt adumet my be acomplished fom seted oto M Or SOt M.
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Three types of measures were taken: body part map comfort data, video registration
data, and production efficiency data. Comfort data and video registration posture data
were collected twice, during week 3 and during week 8. Production dLta were obtained
for two representative weeks before the research started, for the five weeks of the study,
and for two weeks after the final comfort and video data were collected. Except for the
data collections during weeks 3 and 8, the experimenters did not visit the research site.

Comfort data were collected using a modified version of the body part map survey (See
Figure 2) developed by Corlett and Bishop (1976). Subjects were asked to rate comfort
on a 5 part, anchored scale with 0 being comfortable and 4 being very painful (Lee,
Waikar, Aghazadeh, and Tandon, 1986). Subjects rated comfort at two hour intervals
throughout a typical work day. Table 3 presents the design used for the comfort data
collected on January 17 and again on February 22, 1990.

TABLE 3. EXPERIMENTAL DESIGN FOR COMFORT DATA

JOBS (J) FACE & CLOSE SIDESEAM SERGING

GROUPS (G) EXP CONT EXP CONT EXP CONT

SUBJECTS (S) S1,S2 S3,54 $5,$6 $7,$8 59, S10 S11, S12

RINITAL TEST $1,$2 $3,S4 S5,$6 S7,S8 $9,S10 S11,$12

HOUR I
HOUR 2
HOUR 3
HOUR 4

FOLLOW-UP b

b,. 2/22/s

Yxilea Rqibr Posure Data

Subjects were videotaped on January 17 (prior to chair introduction) and again on
February 22, 1990. Each operator was taped for a minimum of five task cycles. Views
of the upper body (head, torso, and upper extremities) and the lower body (lower
extremities) were shot separately. All subjects were shot in profile to allow assessment
of head, neck, back, and lower extremity postures.
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Fill In each circle with the number that best describes how
that area of your body feels right now.

Neck

Left h thtS• out orhS Ider

Left, RightArm - Arm

MiddleBck •_

O -Lower
Back

Buttocks-:

Left Right

Left Right
Leg Leg

Foot Foot

0 - COMFORTABLE
1 - VERY LITTLE DISCOMFORT
2 - UNCOMFORTA3LE
3 - PAINFUL
4 - VERY PAINFUL

e ft, fl. A83l1, 200.IIIo v- 6

FIGURE 2. BODY PART MAP COMFORT SURVEY
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Prokwtin Effiinqy Data

Production efficiency data were obtained once per week for two sample weeks before
subjects became aware that the study would be conducted, two sample weeks after the
follow-up visit and data collection at the site, and six weeks from the initial to the follow-
up data collection. Data were obtained from computerized records of weekly production
figures from the facility payroll department. Efficiency measures were determined by:

Units produced X Standard rate (minutes/unit)
Efficiency =

Minutes worked

Standard rate was calculated by the plant using a method based on synthetic basic
motion times. Table 4 presents the experimental design used for the production
efficiency data.

TABLE 4. EXPERIMENTAL DESIGN FOR PRODUCTION DATA

JOBS (J) FACE & CLOSE SIDESEAM SERGING

GROUPS (G) EXP CONT EXP CONT EXP CONT

SUBJECTS (S) S1, S2 S3, S4 $5, S6 $7, $8 9, S10 Sib, 12

WEEK 1 Si, S2 S3, S4 S5, $6 S7, S8 S9, S10 S11,i 12

WEEK 2

WEEK 3

WEEK 10

a- Week 1: week ending 12/9/89, Week 2. week ending 1/6/90, Week 3-10: week ending 1/20/90- Week ending
3/10/90.

PROCFDURES

One week before the initial data collection the experimenters visited the research site to
meet with plant management and engineers to plan the data collection. During this visit,
the jobs to be studied were selected. All were seated jobs, used standard height chairs,
and had a sufficient number of incumbents to ensure that the required number of

* volunteers could be easily obtained.
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From the pool of volunteers at each position, four subjects were selected with the
* primary goal of matching the experimental and control groups for age and experience.

The selected subjects were randomly assigned to control or experimental conditions.

During the first day of the initial test site visit, the project staff individually briefed the
subjects on the study procedures, obtained their written consent, and explained the use of
the body part map comfort forms. All subjects were informed that the project might
entail some type of workstation adjustment or change, and, initially, no subject was aware
of whether they were part of the control or experimental group. Each participant filled
out an initial body part map, and .the project staff answered any questions or provided
any additional instruction that was required.

During Day 2 of the initial data collection visit, subjects were individually videotaped and
completed the test body part nmaps. Subjects filled out one body part map comfort form
at 9:00 a.m., 11:00 a.m., 1:30 p.m., and 3:30 p.m.. The forms were distributed
approximately 15 minutes before the nominal sampling time. Subjects were instructed to
complete the form at the next convenient opportunity (e.g., end of a bundle) within 30
minutes. The completed forms were collected at approximately 15 minutes after the
nominal time. Note that the forms took an estimated 1 minute to complete.

On Day 3 of the data collection site visit, each (experimental and control) group met
separately with the project staff for approximately 30 minutes. Subjects were all
instructed on the important postural concepts in seated work. The control group was
made aware of their purpose in the project and received additional training on methods
that could be used to adjust their conventional chairs to promote good posture and,
potentially, improved comfort. The experimental group members were introduced to the
test chair and instructed in its proper use and adjustment. Members of the project staff
then met individually with each participant at her workstation to answer any questions
and to provide recommendations on chair or workstation adjustments that might be
beneficial.

After a period of five weeks, the follow-up data collection was performed. The same
protocol was followed for body part map comfort surveys and videotaping on the first
and second days. On Day 3, each subject was asked to complete a structured exit
interview consisting of a chair feature rating (adapted from Shackel, Chidsey, and
Shipley, 1969; Arndt, 1984), an evaluation of the impact of training provided, and, for the
experimental group only, questions concerning chair preference and use (See Appendix
C). Following the completion of the interview and compensation of the subjects for their
participation, a close-out briefing was held with facility management.

Throughout the study period, contact was maintained with subjects through an on-site
engineering liaison who relayed feedback from the subjects, reported on conditions at the
facility, and transmitted production efficiency data. Production efficiency data were
obtained from the facility payroll records.

0
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3. RESULTS

. One operator in the experimental group from the face-and-close pockets job withdrew
from the study as a result of back, buttocks, and leg pain that she attributed to the test
chair. This subject completed all interviews during the follow-up data collection and
answered additional questions about her particular experience with the novel chair.
Information obtained from this subject is addressed separately in this report.
Implications of these findings are discussed in the conclusion.

All other subjects completed the study as scheduled and complete data were obtained
from these subjects according to the experimental plan.

MUSCULOSKELETAL DISCOMFORT

Data on musculoskeletal discomfort were taken from the body part comfort surveys that
were completed by all subjects at approximately two-hour intervals during one day of the
initial test visit and during one day of the follow-up test visit five weeks later. Analyses
of the musculoskeletal discomfort data were performed on data from 10 of the 12
subjects. Omitted were data from the experimental group subject who withdrew from
the study and data from one Control group subject who reported a drastic increase in
level of discomfort in the follow-up test that could not be attributed to any experimental
manipulation of this study. Omission of the latter subject tends to make all of the results
and conclusions reported in this section more conservative than they would otherwise
appear.

Because of peculiarities in the data set, the comfort survey data required transformation
before a statistically relevant analysis could be accomplished. This process transformed
the data into a dichotomous distribution in which all comfort ratings were recoded as
either no discomfort or some level of discomfort. The transformation was required
because: (1) with the small number of subjects, individual interpretations of the scale
anchors seemed to have inflated the error terms, and (2) in the follow-up data, the
experimental group reported no values other than 0 or 1, producing heterogeneous
variances between the two groups.

It should be noted that, in the follow-up measurement, only 9 of the 300 ratings given by
the experimental group were non-zero; in the control group, 51 were non-zero. This
suggests a floor effect, skewed distributions, and heterogeneous variances. Thus, the
utility of inferential statistical tests is limited. Inferential tests were, therefore, used
sparingly in the data analysis.

The overall effectiveness of the test chair in promoting comfort was investigated by
examining the statistical interaction between group membership and time of test on the
mean number of discomfort reports per subject. Effectiveness would be demonstrated by
equivalent comfort scores between the experimental group and control group during the
initial test (during which both groups were using conventional chairs) and a significant

11



comfort advantage for the experimental group in the follow-up test (during which the
experimental group was using the test chair.) Indeed, this was the finding. The mean
number of discomfort reports per subject, out of a possible 60 ratings (15 body areas X 4
times of the day) was:

INITIAL TEST FOLLOW-UP TEST

EXPERIMENTAL GROUP 18.6 1.8

CONTROL GROUP 22.0 10.2

The difference between experimental and control groups in the follow-up test was
statistically significant (p < .05).

Figure 3 summarizes the mean frequencies of musculoskeletal discomfort reported by the
control group in each of the 15 body areas during the initial and follow-up surveys.
Figure 4 summarizes these reported initial and follow-up frequencies for the
experimental group. Figure 5 summarizes the follow-up data for each of the two groups.

During the initial test surveys, both the experimental and control groups reported
increases in discomfort levels as the work day progressed. During the follow-up surveys,
the control group continued to demonstrate this pattern with the greatest increase in
complaints occurring between 9:00 a.m. and 11:00 am.. The experimental group, on the
other hand, reported only a slight increase in discomfort across the work day. These
data are presented in Figure 6. In the follow-up surveys, the difference between groups
was not statistically significant at 9:00 a.m. but was at 11 a.m. (p<.05) and 1:30 p.m.
(p <.05). At 3:30 p.m. the difference between groups approached significance (p <.06);
given the small sample size, this difference should also be considered real.

Discomfort ratings for the torso, upper emtremides and lower exumies were obtained by
summing the ratings. The torso consisted of the neck, shoulders, upper back, middle
back, and lower back. The upper extremities consisted of the arms and hands. The
lower extremities consisted of the buttocks, legs and feet.

Both groups started the follow-up survey day with no upper or lower extremity
discomforL The control group experienced increasing discomfort as the day progressed,
but the experimental group did not. In the torso, there was some discomfort all day for
both groups, but far less for the experimental group. Analyses of variance were
inappropriate for these data because for upper and lower extremities there was no
variance to analyze in the experimental group as there was no reported discomfort. All
of the nine non-zero discomfort reports by the experimental group during the follow-up
were in the torso region.

12
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MIDEO REGISTRATION

* Videotape of each subject (including the drop-out) was evaluated qualitatively for
changes in behavior and/or posture using a split screen to compare initial and follow-up
samples. In addition neck, back, trunk/thigh, and thigh/calf angles were measured
directly off the screen using a protractor. The neck or head tilt angle was defined
between vertical reference and a line running from the base of the back of the neck
through the top of the cranium parallel to the frontal facial plane. The back angle was
defined between vertical reference and a line running from the central mass of the
buttocks to the shoulder blades.

Be r OvW"

The most noticeable behavior change from the initial to the follow-up sampling period
occurred in subjects' contact with the backrest of the chair. Contact was estimated in
percent of cycle time. The experimental group increased backrest contact by an average
of 44.2% in the new chair. Individual improvement ranged from 0 (N = 1) to 100%
(N=2). Overall, five of six subjects in this group showed improvement in backrest
contact. Contact also improved in the control group but only slightly. The individual
improvement ranged from 0 (N =3) to 15% (N= 1) with a group mean improvement of
only 5.8%. Of the three subjects showing improvement, two were subjects who rated the
training and resulting improvement in comfort from their own modifications very high.

O Additional subjective assessment indicated that, for those subjects using the backrest
properly, hunched posture was reduced. This was attributed to the backrest supporting
the operator's maintenance of a more lordotic posture. Typically, muscle fatigue in the
low back contributes to the development of kyphotic postures (slumping or hunching).

TABLE 5. CHANGES IN BACKREST CONTACT
Group Mean Range Improved Worsened No Change

Exp. 44.2% 0-100% 5 0 1

Ctrl. 5.8% 0-15% 3 0 3

Body SqrneWAn* Chwu

For the discussion of back and head/neck angles which follows, a minimum and
maximum (most severe) angle of departure from the vertical was determined for each
subject to the nearest 5' increment. The maximum angle was determined to be most
representative of posture throughout the cycle. Reported figures reflect changes in the
maximum angle measured for each subject.
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Back

The experimental group showed a mean improvement of 8s3 in back angle from pre to
post measurements. Changes ranged from 0P to 150 with five of six subjects showing
some improvement. Again, the control group also exhibited slight improvement with a
mean of 2.5g. Individual improvement ranged from 0b to 50 with three of six subjects
exhibiting change. Four of six experimental subjects improved by 10" or better, while
none of the control group improved by more than 50.

TABLE 6. CHANGES IN BACK ANGLE

Group Mean Range Improved Worsened No Change

Exp. 8.30 0-150 5 0 1
Ctrl. 2.50 0"50 3 0 3

Head/N~eck

This category produced cases where angles worsened. The experimental group improved
by only 4.2" with one subject worsening by 100. Changes ranged from -10P to 250 with

* two of six subjects improving. The control group worsened by -2.50 with only one subject
improving. Changes ranged from -150 to 200 with three of the six subjects worsening.

TABLE 7. CHANGES IN HEAD/NECK ANGLE

Group Mean Range Improved Worsened No Change

Exp. 4.2r (-10)-25° 2 1 3

Ctrl. (-z.5)° (-15)-200 1 3 2

Thn/ThkI

This category produced the only case where experimental group angles did not improve.
The experimental group worsened by 1.70 with two subjects worsening by 100 or more.
Changes ranged from -200 to 150 with two of six subjects improving. The control group
improved by 0.8P with two subject improving. Changes ranged from -100 to 50 with one
of the six subjects worsening. The follow-up mean worst case angles for experimental
and control groups were 75.80 and 75.00 respectively. The follow-up mean best case
angles for experimental and control groups were 90.00 and 95.00 respectively.
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TABLE 8. CHANGES IN TRUNK/THIGH ANGLE

Group Mean Range Improved Worsened No Change

Exp. -1.70 (-20)-15" 2 2 2

CArL 0.8" (-10)-50 2 1 3

hIg/Calf

Thigh/calf angles remained consistent between individuals in both groups with a mean of
1150 and a range of 100" to 135". No significant changes took place between initial and
follow-up data collection periods.

With one exception, subjects with worsening head/neck angles in the control group
showed improvement in either the backrest contact or back angle categories. This
relationship was also noted in the one experimental group subject who worsened in the
head/neck angle category. Improvement in the back angle or an increase in the vertical
distance to the point of operation (POO) resulting from increased backrest use may have
increased the angle of the line of sight thereby contributing to this adaptation.

The trunk/thigh angle results indicate that subjects in both the control and experimental
conditions maintained an acute posture throughout the majority of the task cycle.
Differences between the groups are slight. It is possible that other workstation factors
may have influenced this particular posture aspect. Examples include work surface
height, work surface inclination, and reach distance.

Though the between group differences in posture change may not be significant, the
important consideration is support. The typical bent posture assumed in seated tasks
often causes straightening or even kyphosis in the normally lordotic lumbar region. This
increases the stress on the vertebrae and intervertebral discs. The erect posture
improves lordosis but requires increased muscle exertion and can contribute to fatigue.
The use of a lumbar support such as the one on the Lest chair can both promote lordosis
and relieve the load on the muscles. If the backrest contact data in Table 5 is used as
an indicator, the test chair did improve support.

The following information should be considered when reviewing the estimates of
backrest contact. The backrest strut on the experimental chair is designed to adjust to
up to 10" of forward deviation from the vertical. In addition, the spring-loaded design
of the backrest allows it to "follow" the subject when he/she moves forward. However,
in the observations on backrest contact, use of this feature was only noted during
extreme extension towards the POO (usually once per cycle, short duration) and when
the subject straightened to dispose of materials or resets the garment. During the

* majority of the cycle, the subjects appeared to maintain steady contact with the backrest.
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PRODUC7ION EFFICIENCY

* It was hypothesized that statistically significant changes in production efficiency would be
noted due to effects of the training and test chair, to Hawthorne effects (increased
motivation in experimental subjects), or to a combination of these factors. For this
reason, baseline production efficiency measures were obtained for two representative
weeks before the subject operators were made aware of the study. The same data were
obtained for the six weeks of the study and for two weeks following the follow-up site
visit.

Figure 7 shows the production efficiency for the experimental and control groups during
this period. There were no statistically significant trends across time for either group. In
addition, the two groups did not experience differential changes that might be attributed
to effects of the chair or to m6tivational effects.

CHAR PREFEREWCE/EXT INTERVIEW

During the follow-up test exit interviews, all six experimental group operators were
questioned about their preference between the test chairs and the conventional operator
chairs. The five subjects who completed the study all stated a preference for keeping the
test chairs. The one dropout subject preferred the conventional chair.

MAl subjects rated their chairs (either test or conventional) on seat and backrest height,
size, and hardness. The experimental group produced only 2 non-neutral and no
extreme responses while the control group produced 15 non-neutral and 9 extreme
responses. These responses indicate that the test chair outperformed the conventional
chair on these features. Subjects also rated their chair's overall comfort on a 5 point
scale anchored with 1 = very comfortable and 5 = very uncomfortable. The experimental
group rated the test chair higher than the control group rated the conventional chair (2
versus 3.5).

Subjects were asked to rate both the value of the training received and whether any
changes they had made as a result of it had improved or worsened their overall comfort.
Both groups found the training useful to very useful. The experimental group (whose
members made almost no workstation adjustments) was neutral on the impact of
changes; however, the control group, in which 5 of 6 subjects made several adjustments
either to the chair, workstation or both, indicated that overall comfort had at least
somewhat improved as a result.

In the difficulty of adjustment categories (experimental group only), subjects unanimously
ranked the test chair easy to adjust and easy to learn to adjust. The group also reported
a mean initial adjustment frequency of 4.3 times per week for seat height and 6.8 times
per week for backrest/seat pan adjustment. The mean frequency dropped to close to 0
times per week in both categories by the follow-up visit.
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THE SINGLE E•CEPTION

S In spite of the apparent efficacy of the test chair in promoting operator comfort, some
potential difficulty is apparent from the inability of one subject to adapt to the chair.
During the first week of the study, this subject reported a sensation of the chair "pushing
her out on the floor." This is a somewhat common initial reaction because of the
backrest design that allows it to follow the operator through a range of seated postures
while maintaining contact. During the second week, the subject reported that she was
experiencing lower back pain which she attributed to the chair. At this point, the
investigators recommended that the subject discontinue using the test chair. Immediately
upon return to the conventional chair, the subject's discomfort returned to pretest levels.

A special interview was conducted with this one dropout subject. She reported that,
during her use of the chair, she experienced significant increases in pain across the work
day in her lower back, buttocks, and legs. She attributed this to the swivel feature of the
chair. She reported no personal or immediate family medical history of musculoskeletal
problems. She did indicate that she had sustained a back injury (pulled muscle) in the
early 1980's.

This subject did not maintain any contact with the backrest on either the conventional or
test chair, so the test chair backrest presence would have presumably been much stronger
for her. Of all the subjects, she also showed the least change in posture from initial to
follow-up testing. It is possible that she countered the swivel movement created by the

* motion demands of her job with her leg and trunk muscles. This twisting component
may have contributed to the discomfort she experienced.

It should be noted that all of the data reports in this section, with the exception of
musculoskeletal comfort data, included her results. This exerted some conservative
influence on the test chair response levels in the experimental group. However, since it
is not possible to discern whether this subject's behavior was representative of a portion
of the population or an anomaly, these effects must be taken into account in the
interpretation of the data.
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4. DISCUSSION

The results provide strong evidence that considerable improvement in operator comfort
can be obtained by simple workstation adjustments, posture training, and the use of
operator seating that is easily adjustable and specially designed to promote a lordotic
posture. However, some limited improvement in operator comfort can also be obtained
by providing the training, assistance, and adjusting the conventional seating/workstation.
The test chair's impact on backrest contact, a key consideration in the maintenance of
lordotic posture and stress relief, is also considerable. However, the impact of the chair
on seated posture in this study is somewhat more difficult to discern, while the data
suggest that it's impact on performance is not significant.

COMFORT

The results demonstrate a clear and significant departure between the effects of the
ergonomically designed chair with training and the effects of training and individual chair
modification on operator comfort. While this improveme at was not reflected in
improved performance (as measured by production efficiency), the long term effects on
productivity can be significant.

In developing the comfort assessment method which was also utilized for this study,
Corlett and Bishop (1976) illustrated that discomfort experienced in the workplace isSfrequently an indication of postural stress imposed by poor workstation desisT1. They
further indicated that this posturally-linked discomfort was also often symptomatic of
musculoskeletal damage and/or disease. While adaptation to the workstation
inadequacies was possible, they maintained that many worker adaptations were actually
maladaptive and produced undesirable results.

The long term effects of postural stress arl, maladaptive coping strategies could include
lost time injuries or absenteeism and corresponding loss of labor availability and
production capacity. From an individual perspective, such incidents would result in a
lowered overall production potential across an operator's career.

POSTURE

While the use of the chair appeared to promote improved posture in some categories,
the overall impact is difficult to ascertain. The experimental group showed improvement
in backrest use and back angle which indicates that the chair may have increased load
support and promoted a less stressful, more erect torso configuration. However, the
experimental group showed no significant change in overall trunk/thigh angle which
remained acute despite the forward tilt capability of the seat pan and adaptability of the
backrest. It is possible that these acute postures were developed in response to other
workstation deficiencies in such areas as table height, table angle/tilt, reach distances,
and treadle position.
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PERFORMANCE

* The results suggest that the chair had little or no impact on production efficiency.
However, production efficiency was utilized as both a dependent variable and a control
measure to indicate the presence of Hawthorne effects. Hawthorne effects are discussed
below. In addition the efficiency rating utilized did not account for the effects of
absenteeism or lost time on production and cannot reflect any improvements in that
category.

POTENTIAL CONFOUNDS

Any time research data are collected in the field, rather than in the laboratory, it is
difficult to maintain complete control over all factors that might influence the outcome
of the experiment. This study was no exception; numerous factors could have
confounded the results.

Hawtorne effect. When performing research on human subjects, one of the most
important concerns is the motivational factor. The Hawthorne effect (Snow, 1927;
Roethlisberger, et aL, 1939) is generally defined as an increment in productivity that is
related to the motivation of the subjects being studied rather than to the specific
independent variables of the experiment. Some subjects simply enjoy taking part in the
research; it provides a break from their tedious assembly line work and it temporarily
sets them apart from their fellow operators. This often is reflected as higher
productivity. In this research, investigators attempted to reduce any confounding due to
Hawthorne effect by standardizing interaction with the operators and by de-emphasizing
the novel aspects of our activities as well as using a control group. Based on the absence
of any systematic changes in production efficiency, the efforts were apparently successful.

Plant renfigration. The plant at which data were collected is often reconfigured to
reflect slight changes in the design of the product (for example, changing from Army to
Marine Corps dress trousers). During the course of the study, two changes were made in
the layout of the plant. The Face-and Close operators were moved into a different room
in the building. The Side Seaming operators were moved to a different location within
the same room in which they were originally tested. The environmental conditions at the
first and second locations were very similar and the tasks were unchanged. Nevertheless,
the potential effects of these changes cannot be completely discounted.

Plahb_ effc•sI, Medical doctors have long been aware of the potential effectiveness of
a "sugar pill* in addressing many kinds of physical discomfort. When patients expect a
treatment to relieve their discomfort, it is much more likely to provide the expected
relief It is possible that the subjects in this study were also influenced by their
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expectancy. When distributing the test chairs to the experimental group subjects, the
investigators attempted to avoid creating an expectancy that the chairs would promote
comfort. It is difficult, however, to evaluate what effects the operator's own expectancies
might have had on their experience and follow-up survey responses.

If a placebo effect is present, it would likely be manifested as a tendency to report
increased comfort by the experimental group, even for body areas not directly affected by
the chair. The body areas least affected by the chair are the hands. Neither group,
however, reported much discomfort in the hands. The experimental group demonstrated
comfort improvements in every area of the body except the right leg (in which there
were no discomfort complaints either pretest or follow-up) as can be seen from Table 9.

TABLE 9. INITIAL TEST AND FOLLOW-UP DISCOMFORT REPORTS
BY EXPERIMENTAL GROUP

BODY AREA INITIAL FOLLOW-UP

FREQUENCY FREQUENCY

Neck 6 0

Right Shoulder 7 0

Left Shoulder 8 2

Right Arm 6 0

Left Arm 3 0

Right Hand 6 0

Left Hand 4 0

Upper Back 14 5

Middle Back 10 1

Lower Back 12 1

Buttocks 5 0

Right Leg 0 0

Left Leg 4 0

Right Foot 4 0

Left Foot 4 0
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Individual subjects. Because of the relatively small sample size, aberrations in
production by a single operator are visible in the weekly production means for the entire
group. During Week 1 and Week 6, the productivity of one experimental group subject,
for reasons we were unable to document, rose to unusually high levels. This resulted in
performance peaks for the experimental group (Figure 7). During Week 9, this same
subject was slightly injured in an accident at home. Her temporary decrement in
productivity is reflected by the lowest production efficiency week for the experimental
group. During Week 10, her production was approaching its normal levels. Also during
Week 8, one experimental group operator was counseled by management about low
production. Her subsequent increase in production also contributed to the experimental
group's increased production efficiency between Week 8 and Week 10.

The effects of the drop-out on the experimental group were also significant in several
categories including posture analysis results, chair preference, and chair feature ratings.
The inability of this subject to adapt to the test chair in this study is a rare occurrence
that, because of small sample size, produces a statistical anomaly in the data. However,
the finding serves to highlight an important conclusion: when novel chairs are
introduced into the workplace, some small number of operators may be unable to adapt
to them. Therefore, operators should have the option of returning to their original,
conventional chairs after a reasonable trial period.
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5. CONCLUSIONS

The uncontrolled variables in the factory environment and in the off-duty lives of the
experimental subjects made the impact of the ergonomically designed test chair
somewhat difficult to assess. The apparently large influence of the test chair on operator
comfort may be inflated to some degree by the presence of placebo effects.
Nevertheless, there seems to be a very real effect of the chair in reducing reported
discomfort in the lower and middle back. The effect on the upper back is more
uncertain.

The apparent advantages of the test chair for reducing discomfort in the upper and lower
extremities is more difficult to explain. The experimental group reported lower levels of
lower extremity discomfort in the initial test. Much of the follow-up survey difference in
this category might be attributed to placebo effect. On the other hand, the well-rounded,
waterfall front on the test chair presumably allows better circulation in the lower
extremities which could be responsible for increased comfort levels.

In interpreting the results of the study, it is important to recognize that discomfort is a
highly subjective and complex phenomenon. It is possible that the very real increases in
lower and middie back comfort could have very real, indirect effects on the comfort
levels of other are,-s of the body.

From the postural standpoint, the assessment of chair impact was potentially confounded
by uncontrolled deficiencies in workstation design. However, it is possible to state that
the chair did improve backrest use and, from a qualitative perspective, had a desirable
influence on torso posture. These indications, when linked with the improvement noted
in operator comfort, indi.te the potential benefits of such a chair.

Additional benefits may be realized when this type of chair is applied to operators who
serve in a utility status or as part of a seated, modular workforce. In these particular
applications, the chair's rapid adjustment capability would facilitate operator adaptation
to each workstation configuration. When considered together, all these factors illustrate
the value of ergonomically designed equipment and the potential for successful
ergonomic intervention in the apparel manufacturing environment.
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APPENDIX B

TEST AND CONVENTIONAL CHAIR DESCRITIION



CHAIR DESCRIPTION. TEST CHAR
Seat Panu and Bm

The commercially available test chair was designed for ease of adjustability and
accommodation of a variety of work postures. The seat pan and back assembly was
mounted on a pneumatic cylinder anchored in a four leg base. The pneumatic cylinder
allowed for continuous operator adjustment of seat height between 42 cm and 53 cm.
The cylinder also self-adjusted (damped) when weight was applied. The net height shift
was 2.5 cm under a compression of 90 kg (882 N) at 53 cm initial height. The seat pan
measured 39.0 cm in length, 41.4 cm in width, and was concave left to right and slightly
convex back to front with a tapered "waterfall" front edge. The pan was padded with
approximately 4.5 cm of sponge foam. The seat pan tilt was continuously adjustable
between approximately 70 aboVe to 40 below horizontal. The seat had 360' swivel
capability.

The backrest was attached to a supporting strut which was yoked to the seat pan
substructure. The strut attachment collar was spring loaded and allowed the operator to
continuously adjust the angle of the backrest from 800 to 1060. This positioned the
backrest front edge in a range of 1 cm to 15 cm in from the rear edge of the seat pan.
The backrest was slightly trapezoidal in shape and measured 30.5 cm high, 18.5 cm wide
at the top and 21.0 cm wide at the bottom. This narrow profile was designed to reduce
backrest interference with arm and torso movement (Yu and Keyserling, 1989). The
lower half (0 - 14 cm, lumbar section) of the backrest was convex in shape and padded
with 6.5 cm of sponge foam in the center. The upper half of the backrest (thoracic
section) was relatively flat with roughly 3.8 cm of foam padding. The backrest was spring
loaded and mounted on a pivot on the strut. The backrest maintained an approximate
angle of 10* to the strut when not loaded. This angle changed as the backrest rotated
under pressure applied to the lumtbar support through a maximum of 20* until the
bottom edge contacted the strut wh~en fully loaded. The spring on the backrest applied
roughly 30 N of force in the center of the lumbar support when fully depressed. The
vertical location of the backrest was adjustable from 8.5 cm to 21.8 cm above the seat
(reference: center of the lumbar support).

The operator adjusted seat height by pulling up on a control lever located on the right
side of the chair and relersing the lever at the desired height (See Appendix XXX). The
operator adjusted the seat pan tilt and backrest angle by pulling up on a second control
lever located 16 cm behind the height control, moving to the desired work position, and
releasing the lever. Both actions were accomplished while seated in the chair. The
operator adjusted the seatback's vertical position by loosening a knob on the strut collar,
moving the seatback and strut to the desired height, and tightening the knob. This
action was also achieved while seated or from a potentially more advantageous position
behind the chair. No tools were required for adjustment or assembly.



CONVENTIONAL CHAIR

Subjects used their own chairs as controls. Though minor va'iations in design existed
from subject to subject, the chair discussed below represents the majority of the chairs
utilized.

Seat Pan and Base

The seat pan and backrest were mounted on four legs. Each leg could be independently
adjusted in 2.4 cm increments from 45.0 cm to 64.7 cm. The seat pan was slightly convex
from front to back and measured 38.3 cm in length and 37 cm in width. The seat pan
was not padded. Seat pan tilt was not adjustable. The seat did not swivel. All of the
operators had added some form of cushioning or padding to their chair.

Backnst

The backrest was attached to a supporting strut which bent around the back of the seat
pan and attached under the seat. The backrest angle was fixed at roughly 900. The
backrest was trapezoidal in shape and slightly concave from left to right. It measured 15
cm in height, 30.3 cm wide at the top, and 28.3 cm wide at the bottom. The backrest
could be adjusted from 0 cm (flush) to 8 cm. in from the rear edge of the seat pan. The
backrest was not padded; however, some operators added padding. Backrest height was
adjustable from 23.6 cm to 28.1 cm above the seat pan (reference: center of backrest, 7.5
cm).

COefator Adjiuftme

Seat height adjustment required the following:

1) Unscrewing one Phillips-head anchoring screw in each of the legs.

2) Pulling or pushing each leg to the desired increment setting typically
assisted by pliers, vice grips, or a hammer.

3) Realigning and screwing the four screws back into each leg.

Backrest height adjustment was accomplished by loosening a hex bolt on the back of the
seatback, moving the backrest to the desired height, and retightening the bolt. The
backrest proximity adjustment required loosening a wing nut underneath the seat pan,
moving the backrest to the desired position, and retightening the wing nut. None of
these adjustments could be easily accomplished from a seated position, and the seat
height adjustment required getting off the seat. Tools required for adjustment included:
a screwdriver, possibly vice grips, pliers, or a hammer for seat height and a wrench or
socket wrench for backrest height.
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"APPENDIX C

EXIT INTERVIEW FORM

Note: Control group members filled out the first page only. Experimental group
members continued to subsequent pages.

0
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GEORGIA TECH QUESTIONAIRE

Circle the number you choose or fill in the blank where blanks are provided.
1) Please rate your chair on the qualities below.

too low about right too high
a. chair height 1 2 3 4 5

too soft about right too hard
b. hardness of seat 1 2 3 4 5

too small about right too big
c. size of seat 1 2 3 4 5

too low about right too high
d. backrest height 1 2 3 4 5

too soft about right too hard
e. hardness of backrest 1 2 3 4 5

too small about right too big
f. size of backrest 1 2 3 4 5

2. Overall how would you rate your chair:
very comfortable very uncomfortable

1 2 3 4 5

3. What do you like least about this chair?

4. What do you like most about this chair?

About the posture training and assistance you received on your chair:

5. How useful was the training and assistance to you?

very useful somewhat useful not useful
1 2 3 4 5

6. Ifyou made any changes in your workstation as a result of the training or assistance,
what effect did they have on your comfort in your job?

improved about the same worsened
1 2 3 4 5



7. Between your previous chair and your current chair, which do you prefer to use in
your job? (Your answer will not effect whether you keep the chair or not.)

previous no preference current
.1 2 3

8. How hard was it to learn to adjust your chair?

easy difficult
1 2 3 4 5

9. How hard is it to adjust your chair height?

easy difficult
1 2 3 4 5

10. How hard is it to adjust your seat pan tilt?

easy difficult
1 2 3 4 5

11. How hard is it to adjust your backrest?

easy difficult
1 2 3 4 5

PLEASE STOP HERE. GIVE THE FORM TO THE EXPERIMENTER WHO WILL
COMPLETE YOUR INTERVIEW.
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Interview

12. How often did you adjust your chair height during the first week?

13. How often do you adjust it now?

14. How often did you adjust your seat pan tilt or backrest during the first week?

15. How often do you adjust it now?

16. Describe any ways that the chair made your workstation more comfortable:

Less comfortable:

17. Describe any ways that the chair made your job easier:

More difficult:
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APPENDIX D

TEST CHAIR ADJUSTMENT INSTRUCTIONS

Note: Instructions based on operation information from chair manufacturer's
representative.
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ABOUT YOUR NEW CHAIR...

1) Adjusting the height of your chair:

To raise: i. Take your weight off the chair while pulling up on the
Height Control.

ii. Let go of Control at desired height.

To lower: i. Pull up on Height Control.

ii. Let go of Control at desired height.

2) Adjusting the seat pan and seat back of your chair:

a. Sit all the way in the seat with your back against the seat back.

b. Pull up on the Seat Pan/Back Control.

c. Holding the Pan/Back Control, move to whatever position you will be
working in.

d. The chair will "follow" you.

e. Let go of the Pan/Back Control to lock the seat in position.

To change position again, repeat steps b - e.

HEIGHT CONTROL SERT PAN/BACK CONTROL
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Some plants, especially the larger ones, are beginning to recognize and address ergonomic
and workstation problems through the introduction of relatively advanced manufacturing
technologies. These include such approaches as job automation, automated materials
handling, ergonomically improved workstations, and the introduction of modular
manufacturing cells. Many of these approaches bring with them new or revisited problems
and challenges for the ergonomist. During this phase of the program, we explored and
documented emerging technologies in the apparel manufacturing industry through
experimentation, interviews with equipment manufacturers, apparel manufacturers, and
manufacturing personnel.

Automated Materials Handling

In conventional manufacturing'6perations, boxes of parts and bundles of approximately 40
unfinished garments are carried, dragged, or wheeled on specially designed carts between
workstations. Materials movement is done by the operators, themselves, or by designated
"bundle boys." Automation of this materials handling process has received a significant
amount of attention, perhaps to the detriment of other automation opportunities (see
Weissbach, 1986, in Phase I Bibliography). Various vendors are now introducing automated
equipment that is designed to make this materials handling more efficient.

A unit production system (UPS), a computer-controlled overhead conveyor, may be used to
move hangers of parts or partially assembled garments from one workstation to the next.

* Rather than large bundles of parts, each hanger typically carries the components of a single
garment or a small number of garments.

In one plant that wos surveyed, 100 workstations were connected by a typical automated,
ceiling-mounted UPS line that carried individual unfinished garments on hangers. A central
computer tracked each garment as the bar coded hanger passed by a series of bar code
readers on the conveyor line. The garment was automatically moved to the next operation
and routed to one of the sewing operators according to the UPS's preprogrammed logic.
The garment typically was delivered to the appropriate workstation in a queue near the
operator's left shoulder.

Some operators complained about a perceived increase in the noise level and reported
temporary auditory threshold shifts during and after the workday. The noise level peaks at
the operators' ears, largely produced by impacts between the heavy plastic hangers as they
dropped into the queue for the workstation, was measured at between 95 dB and 97 dB at
a majority of the workstations. These peaks, occurring every few seconds (depending on the
length of the operation cycle at the workstation), were superimposed over a continuous
noise level of 82 - 88 dB.
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The UPS reduced horizontal reach requirements and all but eliminated heavy lifting by the
operators. It resulted, however, in increased vertical reach requirements and increased

* wrist pronation during acquisition of materials. Interviews on body part discomfort with a
sample (n= 12) of operators on the conveyor line indicated slightly higher frequencies of
hand and leg discomfort among this sample than among their counterparts who utilized
conventional materials handling.

Operators on the UPS line expressed dissatisfaction with the "intelligence" of the automated
controller. Although the system was designed to be operator paced, faster operators
reported that they often experienced empty queues at the same time that work was still
being routed to the slower workers. Other difficulties included "ghost hangers" that had
dropped their bundles somewhere but were still being moved through the system and
counted as units of production.

Perhaps the greatest problem With the UPS was its lack of flexibility and the difficulty in
making short-term changes in its logic. Slight changes in the production process, for
example reassigning a given workstation to do a different operation for a single day, or
temporarily changing the work flow for a short run of a different product could not be done
economically. This UPS installation was eventually idled and abandoned when the company
changed their product line to a different garment and determined that the UPS could not
cost-effectively be altered to support the new product.

Workstation Automation

O Many leaders in the industry believe that a solution for some of the training and ergonomic
problems lies in partial automation of selected manual manufacturing operations.
Automation, for example, can reduce the skill requirements of a complex positioning and
guiding task so that novice operators might reach acceptable levels of production within a
period of days or weeks rather than the several months currently required. Partial
automation can also eliminate many high-risk hand and wrist postures and the frequency of
hand movements, thereby reducing the exposure to common repetitive trauma disorders.

There are significant technological barriers to the introduction of complete automation to
the sewing workstation. Much of the difficulty is due to the nature of the raw material,
fabric. Unlike relatively rigid materials such as metal, plastic, or ceramics, a single ply of
fabric is difficult to push or pull or to hold in position with the degree of accuracy required
in the manufacturing process. Workstation automation, therefore, must (1) concentrate on
op-rations in which precision is not required, (2) find techniques for making the fabric "act"
rigid, and (3) use a hybrid approach in which human operators continue to feed and guide
the machines during precise tasks.
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Automated cutting machines now being introduced into the industry are programmed to cut
stacks of fabric parts precisely and in a given order from a "spread" of 100 or more plies of

* fabric. By creating a partial vacuum under the porous tabletop, air pressure is used to hold
the thick stack of fabric rigidly in place. Cutting of the spread is done automatically by a
cutting blade, cutting at speeds up to 2000 cm/minute, under control of the computer.

Partial automation of sewing operations can eliminate some of the risk factors for CIDs.
As an example, production of a "felled seam," the kind of double overlapped seam found
on the side of denim jeans, requires an awkward posture of wrists, hands, and fingers to hold
the fabric in position as it is guided through the sewing machine. This job generally requires
over six months of training time anid it has a disproportionate incidence of hand and wrist
injuries. In recent years, a folding attachment for the sewing machine has become available
that guides the fabric edges into the appropriate double-overlapped position eliminating
many of the operators' motions and awkward hand postures. A more recent innovation, an
automated felled seamer, simplifies the job even further, allowing the operator to use nearly
neutral wrist and hand postures throughout the operation. In addition to reducing the
incidence of repetitive trauma injuries, this is expected to reduce training time by a
substantial amount (Textile Clothing Technology Corporation, 1989).

Workstation Adiustability

Numerous ergonomists (see Wick and Drury, 1986, in Phase I Bibliography) have
recommended the use of tilted tabletops to reduce wrist and back angles and to improve

* visibility during sewing operations. A rapidly adjustable workstation was selected for use
in testing this hypothesis. The height of the top was adjustable between 71 cm and 110 cm
(28 in and 43 in). The top surface of the workstation could be tilted through angles of + 15
degrees through -15 degrees. All adjustments could be made by the operator using a pair
of handles below the work surface controlling two hydraulic cylinders. In the Southern Tech
AMTC, a Pfaff 463 machine was mounted on the workstation and the operator worked from
a seated position. The task performed was attach left fly. Cycle times ranged in the 17 to
25 second range for this inexperienced operator.

Tests of the effectiveness of different tilt angles of the work surface were conducted. The
sewing operator assigned to that workstation performed the task at worktable angles of 0
degrees, + 15 degrees, and -15 degrees. Videotapes of back and wrist posture were taken
as the operator worked and the operator was interviewed at the end of the series of trials.
Results indicated no significant difference in wrist or seated postures that could be ascribed
to the tabletop angle.

Neck and upper torso flexion (posture change greater than 20 degrees) occurred when the
operator pushed the fly through the point of operation. Even though this was a moderately
frequent activity, the operator spent from 94 to 100 percent (refer to table below) of the left
fly cycle time with a back flexion angle in the erect range of 0 to 20 degrees. From 75 to
85 percent of the work cycle the head tilt (or neck) angle was also in the erect range of 0
to 20 degrees. There was some reduction in the amount of back posture changes per minute

* associated with table tilt angle (plus or minus 15 degrees), but for the
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majority of time the operator assumed an erect spinal posture with all workstation
configurations and the number of posture changes were not significantly different.
Moreover, as the images in Appendix A illustrate, the operator's lower extremity (i.e., upper
and lower legs) posture did not change with the angle of the workstation tabletop.

Posture Category Tilted Away Tilted Farwards Level
(-15 degrees) (+ 15 degrees) (0 degrees)

Back Angle (0-20 degrees) 94% 98% 100%
Percent of Cycle Erect

Neck Angle (0-20 degrees) 79% 75% 85%
Percent of Cycle Erect

Back Posture Changes "5 4 9
Per Minute (> 20 degrees)

Neck Posture Changes 12 10 10
Per Minute (>20 degrees)

As expected, the predominant hand postures were lateral and pulp pinching, flat pressing,
ulnar deviation, flexion, extension, and some forearm rotation. Hand activity also remained
basically the same across trials. The traditional or level tabletop produced 19.4 right hand
and 18.0 left hand motions per minute. With the flexible table tilted toward the operator
15 degrees, the operation was performed with 17.9 right hand and 23.0 left hand motions
per minute.

Even though there was not a significant difference in worker posture, the operator expressed
a strong preference for positions in which the workstation is tilted forward (i.e., rear edge
of the table raised upward). According to her, this particular configuration improved point
of operation visibility. Conversely, tilting the workstation away made her more inclined to
"feel like leaning forward" to see the point of operation. The results of this study were
influenced by high subject awareness concerning appropriate back posture and ergonomics.
Consequently, the results are preliminary and anecdotal at best.

Development of a Real-Time Performance Display for the Advanced Sewing Workstation

During this task in the program, an initial prototype for a real-time performance display was
designed, developed, tested, and enhanced. The prototype display was developed around
a color CRT display with a touch-screen interface. It was designed to provide information,
throughout the working shift, concerning the operator's production rate and earnings.
Production versions of the display concept could be interfaced, as individual workstation
terminals, to an appropriately designed real-time production management system on the

* sewing floor.
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DeLsig

The design goal was to develop and demonstrate a means of providing near real-time
feedback to the sewing operator concerning her production for the current day, and for the
previous few minutes. The prototype system was to be attached to an existing sewing
machine workstation and to provide rapid feedback of worker efficiency and earnings using
a flexible and easy to use interface.

Rapid feedback of these worker performance measures could be expected to contribute to
more rapid and cost-effective skill acquisition during training. Immediate performance
feedback is one of the cornerstones of an effective training program for skilled manual tasks
such as sewing. The prototype would fill this much ignored need in sewing operator
training.

For more experienced operatofi, a real-time production display system could be expected
to promote greater involvement by workers in long term skill maintenance. Immediate
feedback could be expected to assist the more experienced operator in continued
performance improvement after the completion of the formal training period. During the
classic Hawthorne Electric industrial engineering studies, the experimental subjects who
showed continued improvement in production were given much more immediate
performance feedback than their counterpart comparison groups. Some psychologists now
believe that this more immediate feedback, and not the psycho-social aspects of the study,
were the real cause of the well known "Hawthorne effect."

* Additional information that might be useful to operators, especially during trainin& could
be obtained from an automatically plotted and updated learning curve that could be
accessed easily on the display.

For research purposes, it was desirable to implement the prototype visual display in a
hardware and software format that it could be easily altered and customized to adopt new
design concepts. For the purpose of demonstration, it also had to be independent of any
existing shop floor production management systems. Each of these design considerations
was translated into specific design objectives.

Specific Design Objectives

Numerous specific design objectives were identified to serve as the basis for the functional
specifications of the prototype system. The prototype system was designed to:

(1) Support worker training and development by providing
rapid feedback of worker efficiency and earnings and
comparison to preset operator performance goals.

5



(2) Provide a flexible interface that provides methods for
the individual worker to easily move from one
workstation to another and allows interruptions in work
flow (such as lunch or other work breaks).

(3) Support rapid implementation of new design concepts by
adopting a modular design which can be easily changed.

(4) Provide these capabilities in a usable interactive
visual environment which expresses appropriate human-
computer interface design guidelines.

(5) Provide system security through individualized logon
codes.

(6) Provide a long-term, time-history display of
performance over past weeks or months to allow tracking
of performance trends.

Approach
To meet these design objectives, the basic prototype system needed to have graphics
capabilities with readily available tools for construction of an interactive visual interface
which the user could easily and intuitively alter. A graphical visual display with touch screen

"* •interfaced to a stand-alone IBM-PC compatible computer was selected as the development
system hardware platform to satisfy these requirements for an usable interactive visual
environment. Modular programming software with several off-the-shelf products was
selected to implement the user interface, these included: Turbo Pascal version 5.0, Object
Professional version 5.0 and Elographics touch screen application generation software. The
main display screen created with these tools is depicted in Appendix A illustrating the
efficiency graph at the top, today's earnings in the center and the additional options which
can be selected by touch at the bottom of the screen.

The implementation was further constrained not to directly interface with the existing
manufacturing data management system to allow greater flexibility in implementing display
concepts beyond the capabilities of the existing systems. As a consequence, the worker was
required to press the "Start Bundle" touch screen zone at the beginning of processing the
current bundle and then was required to press the "End Bundle" touch screen zone to
register the completion of bundle processing. It is envisioned that, in an implementation of
this system, the "Start" and "Stop" functions would be handled automatically through an
optical character reader or similar method. This technology is common on currently
evolving production management systems.

The benefit to this approach was that the prototype would be self-contained and portable
and could be adapted for use with many different manufacturing workstations. Given this
basic system, the approach to implementing the remaining design objectives is discussed

* below.
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Supporting training and development

illustrated above, the graphical display of worker efficiency and earnings is presented to the
user in the form of two bar graphs: one displaying total efficiency from the beginning of the
work shift and the other displaying efficiency in processing the last bundle. Worker
efficiency history is also available to the user by selecting the "View Performance History"
touch zone. Currently for demonstration purposes the performance history is not based on
actual performance but is just a random generation. In the next version, which will reflect
the improvements discussed below, a graph of total daily efficiency will be presented for an
adjustable period of time, either days or weeks, depending on the amount of worker data
that has accumulated to date. -

Flexibility and Support of Rapid Implementation of New Design Concepts

Touch zone options for moving to a new workstation, interrupting work, and ending the
work shift are all available on the main display within the touch zones.

As already discussed, these capabilities were among the prime consideration in the selection
of the prototype development system and are supported through the modular software
language and the off-the-shelf interface development tools.

Creating a usable interaictive visual environment

O Usability concerns the extent to which an end-user is able to carry out required tasks
successfully, and without difficulty, using the computer application system. The prototype
was evaluated for its usability as a human-computer interface in a number of areas:

Visual clarity - Information displayed on the screen should
be clear, well-organized, unambiguous and easy to read.

Consistency - The way the system looks and works should be
consistent at all times

Compatibility - The way the system looks and works should be
compatible with user conventions and expectations.

Informative feedback - Users should be given clear,
informative feedback on where they are in the system, what
actions they have taken, whether these actions have been
successful and what actions should be taken next.
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Explicitness - The way the system works should be clear to
the user.

Appropriate functionality - The system should meet the needs
and requirements of users when carrying out tasks.

Flexibility and control - The interface should be
sufficiently flexible in structure, in the way information
is presented and in terms of what the user can do, to suit
the needs and requirement of all users, and to allow them to
feel in control of the system:.

Error prevention and correction - The system should be
designed to minimize the possibility of user error, with
build in facilities for detecting and handling those which
do occur; users should be able to check their inputs and to
correct errors, or potential error situations before the
input is processed.

Field Testing. Modifications. and Recommerndations

Based on this evaluation and on the comments of operators and vendors of manufacturing
systems who viewed the prototype at a recent demonstration, several improvements were
recommended for a next-generation prototype. These recommendations and the status of
their implementation are discussed in the following paragraphs.

A relatively high rate of errors in alphanumeric input on the touchscreen was noted. It was
recommended that alphanumeric feedback should be added to all data entry screens to
provide informative feedback and minimize user input errors. This has been implemented
in the system software for the current prototype.

The CRT display provides an opportunity to provide significant amounts of additional
information to the operator. Task aiding in the form of text and graphics depicting the
current sewing task could be added as an additional display to support quality workmanship.
This has not been implemented but could be a feature of a next-generation prototype.

For demonstration purposes, there was no existing base of performance data that could be
plotted for the time-history record. Fictitious data were used to demonstrate the concept.
The capability to record and plot actual time-history data should be included in the next-
generation prototype. In addition to presenting the actual performance history, the prototype
will retain the capability to present arbitrary history for demonstration and training
purposes. These improvements would be implemented in a next-generation prototype.

0
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The system needs to be integrated into a fully functional manufacturing data management
system. This involves solving some problems of data compatibility and hardware-software
interface issues. This integration testing was reserved for next-generation prototypes.

Technology Integration and Implementation Issues

As discussed above, the prototype is intended to allow creation and evaluation of design
concepts which would enhance the existing sewing machine workstations under review in this
research effort. If the present prototype were perfected and implemented for manufacturing
data management systems, there are several possible approaches to integrating this
technology.

Vendors of manufacturing datamanagement systems could add the touch screen hardware,
graphics hardware and software capabilities to their existing systems. This would require
these vendors writing their own display support software compatible with their software
environment. Although the best possible integration of the technology, it also is the most
expensive. Next generation manufacturing data management systems could adopt the
display standard. Obviously no present systems would benefit from this but it would be a
cost effective approach.

An existing manufacturing data management system could run in parallel with the prototype
system. Since the prototype system does not directly interface with any existing
manufacturing data management system, at a minimum, capabilities would need to be added
to allow sensing of bundle processing. Therefore, rather than requiring workers record the
beginning and end of bundle processing manually, interface to the appropriate sensor could
be added to relieve the worker of this task. A customized IBM-PC could be developed
taking advantage of the lower per unit cost of IBM-PCs and the modest requirements for
the software/hardware platform. One benefit to this approach is that the prototype would
be continue to be self-contained and could be adapted for use with many different
manufacturing workstations. However, because of the number of integration factors it is
difficult to evaluate the cost effectiveness of this approach.
Operator Real-Time Information System

Operators who receive near-real-time iaformation feedback about the level of their
performance might be expected, according to behavioral principles, to improve their
performance. Real-time production ma igement systems are reaching the work floor to
track the location and flow of particular bundles, and the status and performance of
individual workstations. Terminals at each individual workstation are connected to a central
computer system. Managers and supervisors have access to this information to aid in
production management and planning. Similar data may be available on the terminals at
each workstation but it is not easily obtained and interpreted.
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GTRI designed and prototyped a real-time display system that would allow the operator to
establish production goals and would provide the operator with continuous information, in
bar-graph form, of progress toward meeting the established goals. A touch-screen system
on the small color monitor could be used to sign on and off, establish goals, change goals,
determine total earnings and projected earnings for the day, and perform other display-
control functions. The real-time display system could be integrated with the information
network on a real-time production management system, like those currently in existence, to
provide these data at selected workstations. The system would be most cost-effective if used
in conjunction with operator training and retraining.

0
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APPENDIX F

PHASE IV: TRAINING VIDEO AND MANUAL



The Ergonomic Training Video and Workbook are contained on the inside back cover of
this binder.
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BACKGROUND AND INTRODUCTION

There are currently significant efforts under way to eliminate the progressive bundle
assembly-line process and to introduce the concepts of modular manufacturing cells into the
apparel manufacturing workplace. In this concept, a complete garment (or major sub-
assembly) is produced in a modular cell of, perhaps, a machine to operator ratio of two to
one. Operators are not assigned to a single operation but may move between workstations
as the flow of product requires. Individual workstations are typically shared by two or more
operators.

In contrast to traditional management practices, the team of operators in the cell is
responsible for many elements of workflow planning and management, team formation and
interpersonal relations, and product quality. Because modular cells are rapidly
reconfigurable, modular manufacturing has been promoted as an efficient way of providing
a quick response to the common need for a short production run of a particular product.

Because there is no real standard for the design and implementation of modular cells,
numerous alternative configurations have been implemented. Modules with as few as four
operators and as many as twenty were found. In some configurations observed during this
study, modular cells more closely resembled small progressive bundle plants. The number
of operators approximated the number of sewing positions and most operators would sit at
a particular position fcr hours at a stretch. Only two or three operators might move
between stations. Other implementations were derivations of the Toyota system. There
were, perhaps half as many operators as sewing positions and the cross-trained operators
constantly moved between the (typically) standing positions as the flow of product required.

Attempts to introduce modular manufacturing have produced inconsistent results with both
notable successes and distressing failures. Anecdotal reports suggest that, after a period of
adjustment, many workers experience significantly decreased levels of musculoskeletal
discomfort due to the increased variety in movements, to improved postures at the standing
workstations, and to motivational factors. Increased morale and workgroup cohesiveness,
along with substantially reduced absenteeism, have also been seen in successful
implementations.

Numerous ergonomic questions and challenges appear during the implementation of the
modular system. Many traditional workstations will need to be redesigned. Increased
adjustability/adapta.bility will be required for workstations that are shared by two or more
operators. Issues of job design, training, organizational design, performance assessment and
reimbursement will need to be successfully addressed.

As one example of ergonomic issues in workstation design, some implementations of
modular cells have required a swi;ch from a primarily sitting workplace to a primarily
standing workplace because of the need for operators to move between the workstations in
the module. This may necessitate redesign of machine controls since the traditional sewing
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machine foot treadles are not usable from a standing position. It was not known whether
_ existing standing foot controllers provide the necessary level of sensitivity for precise

machine control. Several designs of new foot-actuated controllers have recently been
introduced but none has proven entirely satisfactory.

In unsuccessful attempts at implementation of modular manufacturing, reduced individual
production is often attributed to the lack of specialization by operators and to less efficient
material handling techniques. Inability to effectively plan and manage production within the
cell, interpersonal problems, and dissatisfaction with new group-incentive pay schemes are
also cited as problems. In contrait to expectations, one company terminated its attempts
to implement modular cells when they found that short production runs could be done more
effectively using their progressive bundle system because of reduced cross-training
requirements. Other ergonomic problems related to job, workstation, and workgroup
organization are certain to become apparent as the apparel industry's experience with
modular manufacturing systems expands. A detailed exploration of these ergonomic
problems was needed to identify and address these issues.

The purpose of this study was to examine case studies of both successful and unsuccessful
attempts to institute modular manufacturing systems in apparel manufacturing plants in the
southeastern United States. Because the perspectives of management and sewing operators
were potentially different, it was necessary to interview representatives of both groups of
individuals in order to obtain an unbiased view of the advantages and problems in the
implementation of modular manufacturing systems.

METHODS

Overall, the protocols used in this phase follow closely those used in Phase I (Ortiz, 1989).
Comparisons are frequently made to the Phase I results when appropriate to gain incite into
the differences and similarities that may exist between the traditional progressive bundle and
modular manufacturing approaches. The same approach is used to compare and contrast
seated versus standing and dynamic versus static work.

Interview
Modular and traditional employees from two Southeastern United States apparel
manufacturing plants (Plants A and B) were selected for interview on a strictly voluntary
basis. Interviews were held during work and required approximately 20 minutes of each
participant's time. A total of 79 employees participated in the interview process (12 males
and 67 females).

Detailed employee interviews were conducted with all participants using the structured
questionnaire in Appendix A. The participants were assured that their responses would be
held confidential, and their names were not placed on the interview forms. Interviews were
held in closed offices or areas isolated from the production floor to encourage candor in the
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responses. The interviews covered the following areas:

1) Demographic information
2) Musculoskeletal injuries and discomfort
3) Workstation characteristics
4) Training and worker attitudes
5) Work schedule and system of payment

Managers and engineers were also interviewed to obtain their view of the effects of
converting to modular from a progressive bundle handling system on human performance
and productivity.

Workstation and Worker Measurements
Twenty-one (N=21) representative jobs within Plant A module 1 were selected for video
analysis and posture documentation. To approximate the between station movement
frequency, worker movement was quantified in two three minute sample periods. A
movement activity was scored when a worker took two or more steps between tasks. A
digital dynamometer was used to measure the forces required to actuate the machines in
Plant A module 1 and Plant B module 13.

Worker elbow height was the only anthropometric measure taken. This was compared to the
height of the work (point of operation) in both Plant A and Plant B modules 1 and 13,
respectively. A Gossen-Panlux light meter was used to measure the illuminance on the work
surface (i.e., point of operation) at both plant locations.

PLANT AND WORKER DEMOGRAPHICS

Site visits were conducted at three manufacturing plants located in the Southeastern United
States. Two plants (Plants A and B) each with approximately 350 employees were selected
for detailed analysis due to their use of modular cells in the workplace. A third plant,
representing an unsuccessful attempt at modular manufacturing, was selected for
management interview only. Plant A manufactures dress trousers and Plant B manufactures
shirts. A detailed description of both plants is provided as follows.

Plant A
Plant A is comprised of 13 standing modules involved in the assembly of various trouser
product lines. Within each module their are approximately 22 workstations arranged in a
U-shaped configuration and 13 machine operators producing a workstation to worker ratio
of 1.7 to 1.0 (22/13). One person is usually trained on three machines, one in either
direction of their primary job. Workers generally move forward with the garment (within
capabilities) and have fewer than five garments in process in what is almost a hand-off
system of assembly. A modified bonus system of payment that is a hybrid of hourly plus
group incentive methods of payment was in use at the time of the survey. This company
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began converting to standing modules in August, 1990.

Plant B
Plant B (shirts) has 12 sitting modules and two standing modules. The typical sitting module
has 12 workstations and 11 machine operators. The two standing modules have 16
workstations and 8 machine operators (2.0 to 1.0 ratio). Modules are arranged in a linear
configuration with two identical lines per cell and workers are trained to do three or four
machine operations.

A Kanban system is in use at the'standing modules (Monden, 1991). When the five pair
supply Kanban is full the operator moves forward (within capabilities) and will bump
operators from subsequent operations. The seated modules use a traditional manual bundle
handling system. This facility has a group incentive system of payment and began converting
to modular in 1991, six months before the site visit.

General Information
A total of 79 apparel manufacturing workers were interviewed during this study. Of those
67 were female and 12 male (all from Plant B). Referring to Table 1 shows that female
workers who participated in Phase V were younger and had less total experience than the
Phase I study population. Plant A and Plant B female workers were however similar in all
three categories. Unlike Plant A, Plant B standing modules had a significant number of
male operators representing more than one third of the cell population. All Plant A

* employees interviewed (N =42) occupied standing jobs (modular and traditional). Sixteen
of the Plant B female workers interviewed (N=25) occupied seated tasks, four occupied
standing modular tasks, and five indicated that they have jobs that permit both sitting and
standing. All the males (N = 12) occupied standing jobs with eight occupying modular sewing
operations.

Table 1. Worker age and experience.

Study Population Average Age Average Average
(years) Experience Modular

(months) Experience

Phase I Female 40 103 0
(N= 123)

Phase V Plant A 32 83 12
Female (N=42)

Phase V Plant B 32 86 10
Female (N= 25)
Phase V Plant B 28 54 6
Male (N= 12)
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RESULTS

Dynamic and Static Work
Static muscular exertions (e.g., standing in one place, prolonged sitting, holding arms
extended) are associated with prolonged contraction of the muscles. Prolonged muscular
contractions can restrict blood flow and impede the working muscle's ability to acquire
nutrients and eliminate waste products. On the other hand, dynamic work (e.g., walking and
running) is characterized by rhythmic changes in the muscle between relaxation and exertion
and contraction and extension that actually promotes blood circulation (Grandjean, 1982).
Static muscular exertions are physiologically less efficient and anatomically more stressful
than similar dynamic work. For example, prolonged standing can create static loads on the
leg muscles restricting blood flow and causing the accumulation of fatigue producing
metabolites. Moreover, the pooling of venous blood in the lower extremities that occurs
when the leg muscles remain in a contracted state for long periods also contributes to
worker pain and discomfort.

Most apparel jobs and jobs in general have static and dynamic components. For example
seated and standing sewing operations usually involve highly repetitive (i.e., dynamic)
movements of the hands and arms with decreasingly fewer movements of the torso and
lower extremities (i.e., larger static component).

To measure the level of static and dynamic activity within the modular cells, movement
* patterns were noted at both Plants A and B during two three minute sample periods. A

movement was scored if a worker took two or more steps to accomplish the task. Twelve
workers from Plant A belt loops and back pockets were selected to represent static standing
jobs based on the finding that workers committed an average of only 0.3 movements per
minute. The remaining thirty workers that participated in the interview from Plant A were
from standing modules where there was much greater movement activity (i.e.,larger dynamic
component). Workers from Module 1 made 2.2 movements per minute with all but 4 of the
13 workers committing at least 1 movement per minute.

Plant B seated modular cell female workers (N = 16) are indistinguishable from the Phase
I traditional seated study population based on movement opportunity and activity. Only two
to four workers per cell operated more than one machine. This translated into a large static
component where the average movement activity was 0.1 movements per minute per person.
Module 13 was substantially more dynamic with standing modular workers committing 0.5
movements per minute. A total of eight males and four females were interviewed from the
Plant B standing modules. Only one worker from the standing module did not move during
the sample periods.

Postural Discomfort
As discussed in the foregoing section, static exertions such as prolonged standing and sitting
are associated with muscle fatigue and body part discomfort (Grandjean, 1982 and Van
Wely, 1970). Standing work is often associated with discomfort to the legs and feet whereas
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seated work is often associated with discomfort to the trunk and shoulders due to the
prevalent use of hunched postures by machine operators. Whereas standing may allow a
worker to assume a more upright and stable spinal configuration than sitting it requires a
greater energy expenditure to maintain the weight of the upper torso. From an industrial
engineering standpoint standing is preferred over sitting when the range of motion required
by the job is outside the worker's normal reach envelope (Eastman Kodak, 1983).

Worker preference regarding seated versus standing work depends on prior experience with
either or both types of workstation(s). Over 75 percent of the standing workers interviewed
(with most having past experience at conventional seated workstations) preferred standing
over sitting. Seated workers with no standing sewing experience preferred sitting over
standing by a margin of 48 to 9 percent. Furthermore, a large proportion of seated workers
(43%) would prefer to do both-even though they had no prior experience using a sit-stand
workstation. These results suggest that lack of standing work experience might influence
attitudes toward and the acceptance of the stand-up modular approach.

In theory, frequent between station activity that reduces the duration of static muscular
exertions might improve work tolerance (Chaffin, 1973). Many ergonomists recommend a
workstation that allows individuals to alternate between sitting and standing. Such a
workstation might reduce static loading of the different muscle groups and perhaps help
maintain the structural integrity of the intervertebral discs due to the change in disc pressure
that accompanies the recommended posture change (Grandjean, 1982).

0 In a European study conducted with supermarket female workers the prevalence of lower
extremity discomfort increased as the time on their feet (standing in one place) increased
(Ryan, 1989 and NIOSH, 1992). Therefore, it is reasonable to assume that increased
dynamic activity associated with modular work cells should be reflected in the comfort data.

Using the procedures described in the Methods Section, a total of 79 employees from Plants
A and B rated the frequency with which they experience postural discomfort, that might be
related to their jobs, in each of 16 body parts. Workers were asked to enter a "1" if they
experience discomfort "never", a "2" if "sometimes", "3" if "frequently", and "4" if "constantly"
for each body part. Although useful in detecting workstation incompatibilities it is important
to be aware of the fact that discomfort data are subject to many biases including between
subject variation in the perceived level of pain, the effect due to Hawthorne, and
organizational influences (Ortiz, 1989).

Phase I Versus Phase V
Figure 1 is the overall comparison of Phase I (PI)(N = 123) and Phase V (PV)(N = 65) female
respondent comfort results. The upper extremity region includes the right hand (RH), left
hand (LH), right arm (RA), left arm (LA), right shoulder i,RS), and left shoulder (LS). The
lower extremities are graphically represented by RF (right foot), LF (left foot), RK (right
knee), LK (left knee), RL (right leg), and LL (left leg). Finally, the trunk region is
represented by LB (low back), MB (middle back), UB (upper back), and N (neck). The top
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two graphs represent the average discomfort level (average score on a 1 to 4 scale) for each
body part and the bottom two graphs represent the frequency of respondents reporting
discomfort at least "sometimes" (a "2" or greater on the body part questionnaire).

There is a high correlation between discomfort level anddiscomfort frequency (r2 > 0.95
for both Phase I and Phase V data). Over 45 percent of the Phase V respondents reported
discomfort to the right hand (45%), right foot (48%), left foot (45%), upper back (54%),
middle back (46%), lower back (63%), and neck (61%). Discomfort levels were also
greatest about the right hand (1.70), right foot (1.71), left foot (1.77), upper back (1.83),
middle back (1.68), lower back (2.01), and neck (1.94).

There is little correlation between the Phase data (r2 = 0.23 for discomfort levels and 0.30
for discomfort frequencies) witk major differences on the lower extremities, lower bactk, and
neck. The upper extremity discomfort profile is, however, similar. The following analyses
help resolve the differences and similarities between study groups.

Phase I Versus Plant A and Plant B
Figure 2 compares the results of the comfort study (female only) from the individual
modular plants and the Phase I data. UEAVG represents the average of the six upper
extremity body parts (hands, arms, and shoulders). LEAVG represents the six lower
extremity body parts (feet, legs, and knees). TRAVG represents the average of the trunk
body parts ( low, middle, and upper back and neck). OVAVG is the total average of the 16
body parts for each subject population. The first four histograms represent the average
discomfort scores for each body region (UEAVG, LEAVG, TRAVG, OVAVG) and the
next four represent the average prevalence of discomfort reports (%UJEAVG, %LEAVG,
%TRAVG, %OVAVG).

Plant A stand-up modular respondents had a slightly lower level of upper extremity
(UEAVG) and significantly higher level of lower extremity (LEAVG) discomfort than Phase
I and Plant B. Plant B and Phase I were predominantly static seated operations which helps
explain the similarity in comfort levels (see Table 2 below for correlation values) except for
the greater level of reported trunk discomfort (TRAVG) among the Plant B study
population. Overall, the average discomfort level and frequency were greatest among the
Plant A respondents due largely to the lower extremity results.

Table 2. Body part discomfort level correlation (r2) between Phase 1, Plant A, and Plant B
interview sites.

_ _ _ _ Phase I jPlant A jPlant B
Phase 1 1.00

Plant A 0.01 1.00

Plant B 0.54 0.01 1.00
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Phase I Seated Versus Plant B Seated Modular Respondents0 In Figure 3 a comparison is made between Phase I and Plant B seated female respondents.
There was very little movement opportunity associated with the Plant B seated modules so
they are, like the Phase I seated operations, defined as primarily static operations with
respect to the trunk and lower extremities. The major differences were discomfort to the left
hand (LH), right shoulder (RS) and low back (LB) and neck (N).

The higher shoulder and trunk discomfort levels and frequencies reported by the Plant B
operators can be partially explained by the greater level of between station manual bundle
handling at this location. The Phase I plants typically transferred bundles between station
with the use of carts, horses, and/or clamp trucks. There were similarities between the
subject populations about the lower extremities that helps explain the discomfort level
correlation coefficient of 0.49.,-

Phase I Seated Versus Plant A Standing Modular Respondents
In Figure 4 a comparison is made between the standing Plant A modular employees and
seated Phase I progressive bundle system trouser manufacturing employees. There was little
correlation between the female only comfort data (r2 = 0.15). Large differences exist on
the lower extremities where Plant A standing modular respondents had much higher levels
and frequencies of complaints than the traditional Phase I seated study population.

Closer examination of the data reveals that the lower extremity discomfort levels reported
by modular standing workers is asymmetrical and focused on the noncontrol using foot,
knee, and leg (i.e., entire left side). This finding lends credence to a textbook concept that
foot controls should not be used in standing work because they can produce an asymmetrical
load distribution on the lower extremities with most of the operator's weight supported by
the noncontrol using foot (Konz, 1983 and Grandjean, 1982).

It is reasonable to assume that frequent between station movement might contribute to
improved upper extremity comfort if it provides a brief respite from the hand intensive
repetitive work and the hands are not involved in holding and material handling activities
during the activity. Moreover, dividing time between tasks with different levels of hand
activity might help improve worker upper extremity comfort. With greater movement and
less hand activity, Plant A modular respondents had only slightly lower reported levels of
discomfort to the upper extremities and similar trunk discomfort profiles as the Phase I
group.

Plant B Standing Male Versus Seated Female Modular Workers
From Figure 5 it is apparent that there is very little comfort level correlation between seated
female and standing male modular workers interviewed at Plant B (r2 =.002). Conversely,
the stand-up modular male workers (N=8) from Plant B exhibited a discomfort profile
similar to the stand-up modular workers from Plant A (r2 =0.32) with most of their
discomfort focused on the lower extremities as well. Over half the male respondents
reported discomfort at least sometimes to their feet, knees, and left leg.
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The male discomfort level was highly correlated with the frequency results and like the Plant
A standing module data there is an asymmetrical discomfort level pattern associated with
the lower extremities focused on the left extremity. With only eight male standing modular
subjects one can only speculate on the significance of these results. But clearly the common
denominator associated with both Phase V Plant A and Plant B modular standing
workstations that might explain this discomfort profile is the use of a pneumatic, electric,
and/or mechanical foot control.

With even fewer female standing modular workers (N=4) we did not include them in the
detailed analysis. All four subjects reported no discomfort (a "1" on the comfort scale) to
the six upper extremity body parts. As with their male counterparts, much of their
discomfort focused on the lower extremities, with their feet as the major area of concern.

Plant A, Plant B and Phase I Standing Worker Comparisons
The Figure 6 bar graphs suggest that even with greater between station movement, foot
control users from Plant A (PVA Mod Stand) and Plant B (PVB Mod Stand) had a slightly
higher average lower extremity discomfort level (LEAVG) than the static standing
population that did not use foot controls (PVA Static Stand). As Figures 4 and 5 show this
is primarily due to the high discomfort level associated with the left or noncontrol using
foot, leg, and knee.

This finding is supported by the fact that seventy-eight percent of the male and female foot
control users from both Plants A and B (N =38) indicated on interview that control use
causes asymmetrical or unbalanced weight distribution. Interestingly, the eight individuals
that indicated balanced weight distribution had consistently lower pain scores and frequency
of complaints across all six lower extremity categories.

Trunk discomfort was significantly greater for the Plant A static standing population (PVA
Static Stand) than the corresponding Plant A modular population. Hunched postures were
often used by employees during back pocket and belt loop machine operations. This is due
largely to severe spacial incompatibilities that exist between worker anthropometry and point
of operation location. There was also comparably greater manual material6 handling at the
static standing workstations. Modular workers from Plants A and B were more like their
Phase I counterparts from an upper extremity discomfort perspective. The greater upper
extremity discomfort scores reported by the static standing population might also be
associated with the greater level of manual materials handling required by the tasks.

The Phase I standing (PI Standing) respondents reported significantly lower trunk and lower
extremity discomfort levels and frequencies than the other subject populations. One
explanation is that many of the jobs from Phase I (e.g., slide and stop, trim, and hook and
eye) had a larger dynamic component from a lower extremity standpoint, did not use foot
controls, and required less forceful hand manipulations. The greater average age of the
Phase I workforce could also influe,.ce this result since the older workers reported fewer
discomfort complaints.
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Figure 3. Phase I and Phase V Plant B seated female comfort comparison.
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Medical Complaints
No major differences exist between Phase I and Phase V study populations concerning
medical complaints reported on questionnaire. Twenty-eight percent of the Phase V female
study population reported "pain and numbness in the hands at night", a symptom of Carpal
Tunnel Syndrome (CTS). Approximately twenty-eight percent of the respondents (only
operators at two of three plants were asked this question) in Phase I also reported this
symptom.

The Phase V study population data shows large inter- and intra-plant differences in the
occurrence of this single sympt6m complaint. Forty percent of the Plant A female
respondents reported this symptom compared to only 8 percent of the female respondents
from the Plant B study population. An interesting finding at Plant B was that three of the
eight male modular workers interviewed reported the CIS symptom. With this information
in mind it is important to note that single symptom complaints are not confirmed cases of
CTS and probably over-estimate the actual incidence of CTS in the work place.

There were no reported cases of CTS on the Plant A and B 1990 and 1991 OSHA 200 logs
and only one cumulative trauma disorder case (ganglion cyst) in the most recent complete
year. The medical problems reported on questionnaire included back strains (5), Carpal
Tunnel Syndrome (2), ganglion cyst (2), tendinitis (1). There were also 14 reports of leg
cramps among Plant A respondents (eight standing modular and six static standing workers
reported this complaint). The discrepancy between OSHA log and questionnaire results is
an indicator of recordkeeping problems that continue to persist in industry and are
associated with less than adequate training in medical management and surveillance.

Workstation Measures and Worker Anthropometry
The mean work- height of selected standing modular workstations in Plant A and B was
40.96 (range =36.50 to 47.75) and 42.75 inches (range =40.00 to 47.00), respectively. The
average elbow height among workers from the same locations where the work height
measurements were taken was 40.81 inches (range= 36.75 to 43.75) for Plant A modular
subjects and 42.97 inches (range=41.00 to 45.50) for the Plant B modular subjects. The
larger plant B result was due in part to the inclusion of four males in the sample population.
With the mean elbow height to work height ratio almost one at both locations it is apparent
that management attempted to address the variability in worker anthropometry by making
specific work height adjustments.

Job Video Analysis
Video analysis of 21 positions in Plant A trouser module I revealed a few differences
between this standing module and the traditional jobs analyzed in Phase I. The jobs were,
as expected, band intensive requiring an average of 20 (8 to 42 range) right hand and 25 (9
to 18 range) left hand motions per minute. With cycle times ranging between 12 to 50
seconds (with 71 percent of the jobs in the 20 to 40 second range) the average number of
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motions per cycle was 10.0 and 11.4 for the right and left hands, respectively. These values0 are significantly less than the 29.9 right and 25.6 left hand motions per cycle obtained in the
Phase I study.

Like the traditional bundle handling study population, the predominant hand postures were
pinching and flat pressing. There was, however, much less non-neutral hand activity (e.g.,
ulnar and radial deviation and flexion and dorsiflexion of the wrist) associated with the jobs
in the Plant A standing module than the corresponding Phase I study population.

The differences in hand activity' between the Plant A standing modular and Phase I
traditional study groups was not reflected in the comfort data where there were only slight
yet insignificant differences in upper extremity discomfort (see Figure 4). With less high risk
hand activity, Plant A respondents are in theory at lower risk of developing a work related
CTD. This lower exposure was not however associated with a reduction in the prevalence
of CTS single symptom reports. Because of the prior experience that many of the
respondents had in conventional sewing it may be too early to see the true effect of modular
work on employee performance and comfort. Other potential factors impacting the Phase
I and V observations noted above include existing differences in task organization,
workstation design, productivity, between station movement frequency and microbreaks and
inter-analyst recording variability and subject response variability.

Twenty-nine percent of the 21 subjects flexed their torso more than 20 degrees at least once
during the machine cycle. Like the Phase I study group, neck flexion greater than 20
degrees was used at least once per cycle by more than sixty percent of the subject population
(67 percent). Flexion of the spine is the result of worker and machine geometry
incompatibilities and the visual tracking demands of the high precision assembly jobs. This
is exemplified by the observation that even with the use of an erect back employees will
often flex their neck to gain vision down into the work.

Foot Control Forces
Overall, foot control actuating forces were higher than the treadle actuating forces measured
in Phase I. Moreover, like the Phase I foot controls, Phase V control actuating forces
showed a high degree of inter-control variability. As noted in the Phase I report (Ortiz,
1989), the problem appears to be associated with control maintenance.

Foot controls were of several varieties within the Plant A trouser manufacturing modular
cells. Most were mechanical but some were electrical and pneumatic requiring side to side
or downward foot action. Controls were usually positioned by the operator and were
anywhere from 0 to 20 degrees from the horizontal (i.e, floor). Of the control systems
measured (N = 18), actuating forces ranged from 13 to 174 Newtons (mean = 78 N) with five
of the controls outside the recommended range of 15-90 N (Eastman Kodak). Anti-stress
mats were in use at most of the modular cell workstations.
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Plant B standing Module 13 and 14 foot controls (N = 8) were the same design type
(mechanical). Control location was flexible to accommodate worker preferences. Like the
Plant A controls, the actuating forces ranged widely from 13 N to 120 N (mean-52 N).
Only one control was outside the range recommended by Eastman Kodak. Machine
actuation and presser foot control required discreet front to back foot movement. Controls
were almost level with the anti-stress mats in use at all the standing workstations.

Illumination Considerations
The average illumination level at Plants A and B was 125 and 93 footcandles, respectively.
"These values are outside the 200 to 500 footcandle illuminance range recommended by
Illuminating Engineering Society of North America. As alluded to in a previous section, the
visual tracking associated with most sewing tasks requires good visual acuity arAd higher
lighting levels than less demanding tasks. Even with a well designed workstation, in order
to compensate for poor lighting, workers will assume a flexed trunk posture to reduce the
visual distance to the point of operation.

Employee Attitudes Toward Modular Approach
Of those providing a yes or no response to the question "Do you like the modular team
approach?" (N = 40), 82.5 percent responded positively. The most common reasons given
for "liking" modular fell into three categories:

Positive Response Category Number of Comments
1) Moving more/learning more jobs 15
2) Group camaraderie/teamwork/help 13
3) Posture/comfort benefit- back 2

For the 17.5 percent who responded negatively, the common justifications were:

Negative Response Category Number of Comments
1) Having to support others/wage dependence 3
2) Posture/discomfort problem- feet, legs 2
3) Fighting/discord among group members 1

The majority of workers preferred collaboration on work assignments and the opportunity
to move within the plant and learn additional positions. This is consistent with job
enlargement concepts which call for increased physical and mental diversity in work design.
A corroborating result may be found in the "more or less discomfort with modular" inquiry
in which 57 percent indicated an improvement in discomfort versus 16 percent who indicated
worsening discomfort.

Increased skills acquisition might also be viewed positively by the workers in terms of
increasing their potential for future employment. Also, group dynamics may have reduced
performance stress for the workers who felt that intra-group support and assistance were
advantages. However, collaboration and shared responsibility have varying appeal among
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the workforce. A portion of the population found the group setting confining and perhaps
unpleasant. The comment distribution also suggests that postural discomfort can be a
problem with either system.

Compensation System Preference
With all female operators (N = 67) responding, the individual incentive pay scale was favored
(49 percent of the respondents preferred) over the group incentive scale (preferred by 30
percent of the respondents) with hourly being the least preferred (21 percent). This
indicates that while experiencing.benefits from modular, the workers still have a strong
identity with their own ability to produce and meet financial needs. Many workers cited "up
to you" and "others don't cooperate, don't work as hard" as reasons why they preferred
individual incentive. The individual incentive system has an internal locus of control for
earnings. In the group situatioh the locus is more external (a function of the influence of
the individual on team performance). There is a loss of control. The emphasis on
individual incentives could also be a sign of frustration that group earnings are limited by
the weakest performers.

A familiarity factor for the group incentive method may exist. If the respondents are broken
down into those on modular jobs (with group incentive exposure) and those on traditional
jobs (with no or very limited group incentive exposure) major differences are evident.
Those with group incentive experience exhibit greater acceptance, while those without such
experience show no interest in group incentive. Exposure to the group incentive approach
"and the modular team environment may have shifted attitudes in the modular workforce.

Management Attitudes Toward Modular Approach
The manager interviewed at the "unsuccessful" third plant cited the existence of the group
dynamic problems described above as important in the decision to return to the traditional
bundle handling system. In particular, internal conflict resulting in defensive behavior, lack
of cooperation, even fist fights, was reported as a critical problem association with modular
cells and the team approach. Other factors reported as contributing to the failure of the
modular approach included a reduction in productivity and worker morale; the increased
impact of equipment down time and lack of redundancy; wage system problems (incentive
to hourly); and inadequate or cramped work space (job to worker ratio was 45 to 27). The
failure of the system was most likely due to multiple factor interaction and not just a single
factor or event.

These problems arose even though there was much greater worker autonomy and
involvement in the operation decision-making process than the traditional system. The
absence of a formal employee training program to facilitate the transition from conventional
to modular was a likely contributing factor in the unsuccessful conversion attempt.
Interestingly the conversion and start-up process did not present a problem and other
locations within this corporation are having reasonable success with modular manufacturing.
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A summary of Plant A and B management responses concerning modular manufacturing is
provided below. Obviously, management from both plants are satisfied with the overall
performance of the modular cells within their respective facilities.

POSIVE RESPONSES
Improved quality
Fewer hand pain complaints
Reduced work in progress and through-put time
Improved morale
Greater flexibility
Turn-over and absenteeism improvement
Reduced torso twisting,'

NEG-ATVIVE RESPONSES
Reduced productivity
Interpersonal conflict
Absenteeism creates problem from lack of redundancy
Lack of equipment redundancy
Foot control problems
Slower through-put
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DISCUSSION AND RECOMMENDATIONS

Based on our results, there are no major differences between the Phase V modular and
Phase I traditional progressive bundle system data from an ergonomic perspective that
would argue against standup or seated modular work. Moreover, the only significant
difference between seated progressive bundle system and standing modular system workers
in trouser manufacturing was the greater lower extremity discomfort reported by the
standing modular workers. The benefits expected from a job that permits frequent
movement (e.g., improved lower extremity comfort) was possibly negated by the use of
machine foot controls.

Clearly, the postural and workstation design and illumination issues addressed in Phase I
have direct application to modular manufacturing environments as well (Ortiz, 1989). To
minimize postural stress, workstation flexibility is needed to accommodate the diverse and
rapidly moving worker population within modular work cells. In particular, with workers
trained to operate more than one machine there is a need for workstations to be easily
adjustable in the vertical plane to locate the work within the operator's normal reach
envelope (e.g., elbows down close to the body, 90 degree flexor angle, and frequent forward
reaches limited to 16 inches). Presently, there are few commercially available machine
tables that meet this need and those available are generally expensive. Moreover, the use
of a sit-stand workstation for jobs within modular cells should be considered as long as the
worker's upper body configuration does not change when they move from sit to stand.. One hypothesis associated with an enlarged job that permits frequent between station
movement is the transfer between different tasks might provide a regular microbreak from
hand intensive work thereby reducing employee exposure to cumulative trauma disorders.
Such a benefit was not revealed in this study, however. With employees from both Plants
with one year or less experience in the modular work environment it may be too early to
detect or separate from past exposure to conventional apparel manufacturing any medical
contributions from this newly introduced manufacturing approach. In order to maximize any
medical or ergonomic benefit from job enlargement operators would have to move between
jobs that have significantly different force, repetition, and body part requirements.

There was substantial variability in hand activity associated with the standing modular jobs
in Plant A module 1, but the organization of the jobs did not allow workers to always rotate
between two or more disparate operations. Consequently, special consideration must be
given to the configuration and organization of the jobs in the cell to allow the worker to
rotate between significantly different jobs. Moreover, research is needed to predict or
determine the optimal job to worker and work area to worker ratios to promote human
performance and minimize the potential problems associated with working in groups.

The lower extremity discomfort result with the standing modules was predictable. Machine
controls that require the use of the operator's foot may be associate,: wilh considerable
discomfort and, therefore, may not be optimal for standing work. Further investigation is
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. needed to identify new and existing control devices that might be more appropriate for
standing modular work (including "new design" foot control systems). Voice control and
body actuated machine control systems (e.g., operator leans into control bar) are under
development or are commercially available. Even so, the effect of any control system on
human performance and comfort should be carefully assessed before it is placed or
considered for wide use in the apparel industry.

With the expected continued use of existing foot control systems (until a better system can
be developed) the following guidelines should be considered: (1) controls should be placed
on a preventive maintenance schedule to keep actuating forces to a minimum; (2) they
should be flexible (e.g., easily positioned in place) so operators can assume erect and stable
postures (e.g., work with elbows down close to body) during machine operations and possibly
alternate feet; (3) foot guards or covers should be used to prevent accidental machine
actuation; and (4) foot controls should be as level as possible with the floor or walking
surface. Although we did not attempt to measure the benefit from the use of anti-stress
mats in this study, they are recommended in standing work to more evenly distribute the
worker's weight on the feet and reduce lower extremity discomfort. Such mats should be
tapered around the edges and sharply contrast with the walking surface to reduce the trip
hazard to employees. With the relatively frequent between station movement in modular
cells it may be practical to carpet the entire work cell walking area with a compressible
material rather than place small mats at each workstation.

O Many of the workers in modular tasks seem to have a positive attitude about the work
system. Even with greater discomfort to the lower extremities, a majority of the employees
with experience in both seated traditional and standing modular work prefer the latter over
the former. To some extent, worker attitudes regarding compensation are changing as their
familiarity with the new approach increases. However, there is still some difficulty to be
faced in integrating modular approach with the existing work force.

Modular entails a move from an individually controlled task setting where interaction is
limited and even discouraged to a system where individual control is substantially weakened
and personal interaction is crucial. This transition may be difficult for some employees.
This indicates the need for gradual introduction of the modular concept and extensive
training support to enhance worker acceptance and minimize impact on the worker. Careful
attention should be given to group composition/interaction and procedures put in place to
resolve conflicts within the group. A key factor is refocusing worker attitudes. Efforts
should connect individual goals with group goals such as enhancing organizational
competitiveness and its relationship to personal employment security. Other major factors
to emphasize are those the workers themselves have indicated in this study. The security
and interaction of the work team may be attractive to some workers. For more independent
workers, the benefit of learning additional marketable skills should be emphasized.
Management can reinforce cooperation and employee support for the team process by
exhibiting a participatory spirit.
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. GEORGIA TECH ERGONOMICS SURVEY

Date

Plant

Interviewer

Module/Line
General

The following information wil] be used for describing the participants in terms of age,
job, sex, and experience, and also iwsummarizing the results by those categories.

Job Title

Job is performed while: seated standing both. Age __ Sex M F

How long employed at this plant _ __ on this job

Extent of previous employment in similar job (approx. years)_-

How long on modular job? (approx) years months

Position in module?

Major hobbies and sports activities (estimate average number hrs/week):

Medical Background

During the past twelve months, have you been treated by a doctor for any problem
related to the muscles, tendons, or joints of your body? Examples of these problems are
back strain, arthritis, tendonitis, herniated disc, and carpal tunnel syndrome. Yes No

If yes - indicate diagnosis

1



Page 2

Physical Discomfort

The following questions are about physical discomforts you may experience while
working, or t at you believe are work-related. Use the foMlowing scale to indicate how
often you have experienced pain or stiffness in each body part within the past 6 months
(or since starting to work here, if less than 6 months). (circle one)

Never Somlime Freguentlv_ Conilndl

Right hand/wrist 1 2 3 4
Left hand/wrist .1 2 3 4
Rightarm (incl. elbow) 1 2 3 4
Lenh so1 2 3 4
Right shoulder 1 2 3 4
Left shoulder 1 2 3 4
Right foot/ankle 1 2 3 4
Left foot/ankle 1 2 3 4
Right knee2 3 4

Lfkne1 2 3 4
Right leg (other than knee) 1 2 3 4
Len ee 1 2 3 4
Upper ack 1 2 3 4
* Middle back 1 2 3 4
Lower back 1 2 3 4
Neck 1 2 3 4

Doou ever have numbness in any of your joints at night? Yes No
(If es, elaborate below)

Do you ever have a problem with your feet or legs going to sleep while you are working?
Yes No

list other physical discomforts you have experienced within the past 6 months that you
believe are work related (for example, eyestrain, leg cramps, etc.):

Before joining the modular group, did you work in a conventional sewing line?
yes no

If yes, do you experience more or less discomfort since switching to the modular group?
more less same

Do you experience discomfort in different areas of your body since switching to
modular?
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Chair Design and Use

The following questions are about the chair you use while working. Skip these questions
if your job is performed entirely while standing.

Do you do all of your work or part of your work while seated? All Part

If you do part of your work seated, what percentage of your time is spent seated?

Do you have your own chair or do you share it with others? Own Chair Share

Does your chair have the following features:

adjustable seat height Yes No

adjustable backrest Yes No

swivel side to side Yes No

tilt front to back Yes No

armrests Yes No

wheels or rollers Yes No

(If seat height or backrest are adjustable, answer the following.)

Has anyone shown you how to adjust your chair? Yes No

Did anyone adjust the chair so it would be right for you? Yes No

Can you adjust the chair yourself? Yes No

Have you used cushions in your chair to:

Raise your seating height? Yes No

Be more comfortable? Yes No

Do you use a footrest? Yes No

Do you have enough legroom under your work table so that your knees and legs are
comfortable? Yes No
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w Page
Standing Workstation

The following questions are about your standing workstation. Skip this section if your
work is done entirely while sitting.

Is the top of your workstation adjustable up and down by yourself?. By the engineers?

If it is adjustable by yourself, how frequently do you adjust it?

Do you use foot pedals to control your machines? yes no

Does the foot pedal allow you to keep your weight evenly on both your feet?

yes no

With which foot do you normally use the foot pedal? left right both

Describe the foot pecal.

Do you use knee switches to control your machines? yes no

With which knee do you normally use the knee switch? left right both

Do you have any kind of stool or rail to lean against while working? yes no
If yes, describe it.
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Workstation Design and Use

whe following questions are about your workstations. What positions do you usuallywork in the module?

1. 2.

3. 4.

Rank the positions according to how much time you spend in each.

1. 2.'"

3. 4.

How proficient are you at each of these positions (below average, average, above

average)?

1. 2.

3. 4.

S Does your job require you to:

- stretch either arm fully (or almost so) to reach things? Yes No

- bend, lean, or stoop to reach things? Yes No

- raise either arm above your shoulder? Yes No

- lifting a bundle (or other heavy item) with your arms? Yes No

- carry heavy loads from one place to another? Yes No

- push or pull a cart or horse? Yes No

If you answered yes to any of these, describe what you have to do.

S
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Do you have enough space at your workstations for:

- the stacks of pieces you work on? Yes No

- other work items (supplies, clippers or scissors, etc) Yes No

- personal items you have at work (purse, coffee cup, etc) Yes No

Do you ever have a problem with:

- work table height (too high or toolow)? Yes No

- height/placement of your pedal, treadle, or knee switch? Yes No

- having to lean forward to see what you're working on? Yes No

List any other workstation problem:

Wage preference

Do you prefer hourly, group-incentive, or individual incentive pay scales?

hourly group incentive individual incentive

Why?

Training

The following questions are about training you may have received at this plant.
Remember that the questions are about training at this plant - not other places you may
have worked.

When you first started to work here, how long was your training period?

Have you received additional job training (such as for a different job) since then?
(Indicate what type and how long)

S
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In any of your job training at this plant, have you been given charts, work diagrams, or
other written job descriptions to study and/or keep for yourself? Yes No (If yes -
indicate what)

Have you ever been shown a videotape of someone performing your job or a very similar
job? Yes No

What kind of training did you receive to prepare you to work in the modular group?

Have you ever been trained or instructed about the importance of correct posture in
making you comfortable while working? Yes No

Have you ever received safety training to show you how to operate your machine to
reduce risk of accidents and injuries? Yes No

List any other special training you have received at this plant:

General Comments

Is there any part of your job that you think is a lot harder than other parts? Explain.

Do you like the modular team approach? Yes No

Why?

Now tell us more about any problems you mentioned in the earlier questions, and tell us
anything else you believe would help make your job better for you.
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