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A. qORKSIIE ANALYSIS (Sub~it~ed ~i:h NIOSH Commencs to OSF~ dated
2/1/93) ,

B . HAZARD PWn:N'!ION AND CONnOL'

3ackz;our;c:.

The goal o-f "hazard prevention and control" 'is to eliminate, ,reduce,
or controi the presence of ergono~ic hazards. Ergonomic hazards may
be ident~fied as a resule of performing a worksite analysis~lthe

details of vhich were discussed in tne previous section, Par~ A.

By d~'fini:ion, '''ergonomic hazard. ft i.s a recent term chosen to refer ~o
a set of ~ork-related risk factors ~t ,are associated with the
development of musculoskelecaldisorders. Risk factors commonly
associated ~ith ergonomic hazards include: (1) repetitiveness, (2)
:orce/mechanical stress, (3) awkward or static poseure, (4)
vibrat~cn, and 1 (5) work organizational/stress factors (Armstrong et
al. 1986; A.r:'ldt 1987]. 1 In general. ergonomic hazards are present
whe'never :~e work demands of a j obexceed the capaciq 0; !:hose
workers per:orming c.~e jobs. Moreovar, excessive work demands can
arise from poorly designed work processes: tools, and/or work.
stations, [?utz-Anderson 1988]. '

There are many'potential ergonomic solutions or interventions for
each of ~~e risk factors listed. Table 1 provides examples of
relatively sUtple singl~fix sO,lutions t.."1&t bave been recommended by
various ergonomic exper~s ~or each risk factor [Grandjean 1988; Konz
1979]. To be effective, an ergonomic intervention should serve to
reduce che source of the physical stress (1.e., reduce t..~e ergonomic
hazard) associated with a particular risk factor. The theory is chat
by raduci::.g hazard levels, there rill be similar reductions in
illness andi:c.jury rates.

In some c~es, proposed ergonomic' interventio~ are si=ple and
consis~ent wieh common sense. 'AC the majoriey of worksites,bowever,
where' ergonomic h&zar~ bave been'id.eutif1ed, a lIore comprehensive
approach is required th.an can. be provicied by any of the single-fix
soll.1tions, some of which are l1.lted in Table 1. Today. with the
complexities of the mechanized work .tr7ironmen~, ergonomic solutions
often ser-7e as the interface beeween~,the ·person, machine, and work
enviroam.n~,· refl.c~ing the imlJor~ance of a systems approach ~o

hazard prevention [McCormick and Sanders 1982]~

lThis list of risk factors for work-related musculoskeletal disorders is not
intended to be all incll.1Sive.
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NIOSH continues to support a three-tier hierarchy of conerols as an
'intervention strategy for conerolling ergonomic hazards. This
posi::ion '.las ouelined in the "Ergonomics Program Managemene.
Guidelines ,fo;: Meat:'?acking Plants" [OSHA 1990]. The approaches
identified 'in that document include the following ste?s in order of
preference:

• Engineering or ergonomic design changes to tools, handles,
equipment, workstations, work methods, or other aspects of t~e

workplace, often called engineering controls,

• Changes in 'Jork practices or organizational and management
policies', sometimes called administrative controls .

, "

• Use of,personal protective , equipment.

A discussion of each of these appro~ches follows:

1.
L_ ,"

EngineeringfErgonomic Concro1s

The preferred method for control and prevention of work-related
musculoskeletal disorder~ is to design the job to match the
physiological, anatomical, and psychological characteristics and
capabilities of the worker. In other words, safe work isr, '
achieved as a natural result of the design of the job. the work
station and tools; it is independent of spec~fic worker
capabilities or work techniques:

Although the focus of this section is on hazard control. the
concept of preveneion is best exemplified when the workplace,
tools, work station, and work process are designed from,the
beginning to accommodate the capability and, capacities of the
workers. Unlike the ujoricy pf occupational hazards J however,
sources of ergonomic seress are usually hidden or embe~ded within
the, job as specialized patteres of movement or tool usage. !he
result is that ,rgonomic hazards are often difficult to predict
or anticipate during the initial design stage>,

,,-j ,

- Ergonomics is the discipline that strives to develop and assemble
information on people's capacities and capabilities for use in
designing jobs, products, workplaces and ~quipment. (The goal of
ergonomics is toeseablish through job design, a "best fit q

bec:ween the human and imposed job conditions to ensure and
enhance worker health, safeey, comfort, and produceivity.

A number of reference works containing ergonomic guidelines for
the design of various workplaces have been compiled by VanCott
and Kincaid [1973], !Com [1979], ~oodson [1981], Eastman Kodak
[1983; 1986], Putz-Anderson [1988] J Tichauer [1991], Chaffin and
Andersson [1991] ,and Mital and Kilboltl [1992], among others.
These strategies apply both to the design o~ new jobs and the
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control of hazards in existing jobs. In general, che selection
of a design for limiting musculoskeletal stress will depend on
existing technology, resources, and employee acceptance; 'however I

numerous studies indicate that designing or redesigning t~ols,

workstations or jobs in accordance with ergonomic guidelines can
be effec~ive in limi~ing worker ex~osure to ergonomic hazards
(Table 2).

Other s~~dies have examined the effectiveness of engineering
changes on the incidence rate of musculoskeletal disorders
associated with specific job tasks. In a comparison of three
approaches to low back injury control, Snook et a1. (19781
concluded that worker selection, and training in lifting
technique were ineffective, and that designing jobs to fit the
capabilities ,of workers could reduce low back injuries due to
lifting by ~Jo-thirds. ~estgaard and Aaras [1984; 1985]
introduced adjustable work stations and fixcures, and
counterbalanced tools in a cablemaking company, and found that
turnover and absenteeism due to musculoskeletal complaints were
reduced by 2/3 over an eight-year period. Companies chat have
adopted plant- or corporate-wide ergonomics progr~ consisting
of worker training, union-management participative teams, and job
analysis and redesign programs, have reported decreases in
musculoskeletal injury incidence rates and eurnover, and
increased productiviey [McKenzie et alp 1985; Rigdon 1992; Lu~

et alp 1987; Geras ee alp (unpublished); LaBar 1992; Echard ee
alp 19871. These and other seudies describing,ehe effect of
various hazard control approaches on musculoskeletal incidence
rates are summarized in Table 3.

2. Adpinisqative CODttols

Administrative concrols can be defined as policies or work
practices used to prevent or control exposure to ergonomic
stressors chat can result in work-related injury or disease.
Examples of administrative controls include the following (OSHA
1990) :

• TJork Practices

Providing frequent rest breaks to offset undue fatigue in
jobs requiring heavy labor or high performance/production
rates

Limiting overtime work andiperiodically roeating workers
to less stressful jobs.

'. - Varying work tasks or broadening job responsibilities to
offset boredom and sustain worker motivation.
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• Training workers co use work mechods chac improve posc~=a and
reduce stress and scrain on the ex~remicies

• Worker placemenc evaluation

a. TJork Pra.c~ices

Alchough engineering controls are the preferred me~hod of
ergonomic hazard control, ~~ere are work sicua~ions where
modification in work practices may be ~ed as a cemporarJ
subs~icu~e for engineering con~=ols. Such circumstances,
however, 'should continue Co be regarded as po~en~ially

haza=do~, because the source of the ergonomic hazard remains.
Any level of pro~eccion afforded by nwork practices n is a
func~ion of human incervention, ~at is always subjec: :0 che
wea~esses inherent in human oversight and control ac~ivities.

,!he history of such failures is well documented in the
occu~a~ional safety and health li:eracure.

Work praccices refer to modifica~ions in job rules and
procedures 1:hat are ~ually under the control of managemen~ or
administrators. For example. in office settings where the
physical environment (ligh~ing, furniture, and VDT equipment)
may already be highly refined and state~f-the-art, changes in
work organization and attention to psychosocial fac~ors
provide more potential for reducing ergonomic stressors
[Kilbom 1988J. Furehermore, adminis~ative controls such as
wO,rker rocation, additional rest breaks. and sloWing of
production rates may be: the only me1:hod of hazard con~rol

available in sieuations where work casks are highly variable,
chere are no fixed workstations, or there are no tools
involved in the work (e.g., grocery order selectors, workers
in certain eypes of assembly jobs, sign language
interpreters) . '

The effec~iveness of work practice controls has been examined
by a number of researchers. One investigation of keyboard
operators found that operators who were provided short but
frequent rest breaks were more productive than operators
receiving only the traditional mi:d-moruing. IIlid~afternoon and
lunch breaks [Sw~on et a1. 1989]. In a series of four
seudies of 72 workers performing an overhead assembly task,
workers were given con~ol over ebe duration of their work
cycles by initiating a one-minute vork pause when needed.
Such self-pacing served to minimize local shoulder and arm
fatigue. resulting in more consistent levels of performance
over the course of the scudy period [Putz-Anderson and
Galinsky 1993].

At a plant employing 124 photographic film rollers, decreasing
to cal work cime from 353 co 330 minutes per day. and
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increasing the number of rest breaks from three to six,
resulted in a reduction in cer'J'icobrachial disorder ar.d' 10'.01

back ~omplaints [Itani et al. 1979]. An e1ectromyographic
study of five jobs ~here job rotation had been introduced
concluded that job rotation may be more useful for reduci~g

st=~ss associated ~i:h heavy dynamic tasks than for reducing
static muscular load in "light" work situations [Jonsson
1988a J •

b. Training: qorker-E~ployer

Instructional programs aimed at reducing illnesses and
injuries are also frequently promoted as readily available and
an economical approach to the control of workplace injurJ.
Training programs range from fundamental instruction on the
proper use of tools and materials, to instructions on
emergency procedures and use of protective devices. ~ore

comprehensive training programs are being developed to prepare
the worker to par~icipate in a broader range of '.o1orksite
safeey and health activities. These programs are addressed in
Section III.E. of this document.

Because the effectiveness of training programs is difficult to
evaluate, the success of many of che training programs has
been difficult to establish. Some authors have attributed
significant reductions in low back disabilicy and lost time
injuries to worker training programs [Glover 1976; Bergquist­
Ullman and Larsson 1977]. Other seudies indicate that '.o1ell­
planned training programs can have small but significant
effects on lifting behavior (Chaffin et al. 1986; Varynen and
Kononen 1991].

c. ~orker Placement Evaluation

Worker placement evaluation has also been promoted as a method
for controlling che risk of overexer~ion injuries and
musculoskeletal disorders. !he emphasis here is on matching
workers to potentially high-risk jobs, i.e., identifying
workers with physical characteristics chat will enable them to
satisfy job demands that may be excessive to other workers.
~orker selection or hiring based solely on physical capacities
is generally illegal, as a result of the U.S. Federal
Rehabilitation Act of 1973 (29 USCZ §791 et seq.) and the
recent Americans with Disabilities Act of 1990 (42 USC §12l0l
et seq.). However, once a worker is offered a job, he or she
can be tested to determine his or her capabilities as a
prelude to job placement.

%United States Code
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The success of any placeMent program is dependent on obtaining
acc~rate information on accual job deMands as well as wi=~ the
accuracy of MeasureMents of worker capacities as they relate
to t~e key job-deMands. A person's capaci~j for physical work
is a~ost never a single value; it is determined by several
factors including the intensity of the effort; the ti~e of
continuous effor~; the frequency of repeating the ef:ort; the
presence of environmental or Mental stressors, such as heat,
humidity, and ti~e pressure; and individual characteristics
such as age, fit':'less, and skill level [Rodgers 1988].

To be valid, work capacity tests MUSt be specific to each job
of concern. Furthermore, it must be demonstrated that not
only does a worker require the capacity to do the work, but
that people without that capacity cannot do the job. For
example, it is generally accepted that muscular strength is an
appropriate job-related criteria for manual materials handling
work. However, it 1s frequently difficult to measure the
strength capacities of the worker that most closely reflect
those key strength requirements of the job. Moreover, a
worker's maximum strength may have little relationshi? to his
or her ability to exert effort frequently or for long
durations. Finally, there are many workplace sieuations where
the job demands change.

In some manufaceur1ng operations, products may frequently
change, certain seasons may add environmental stresses, and
overtime may change the effor~ requirements. Thus, ~~e

assessment of job delDAnds will not be so accurate chat it can
be relied upon to predict a worker's success or failure on the
job in all sieuations [Rodgers 1988].

There is some epidemiological -suppor~ for the idea t~at

strength testing could be a useful means of reducing back
injur-j rates. In seudies where the appropriate measurements
have been mad~, a higher incidence of back injuries and back
pain was found in those jobs demanding high exertion in
relation to the worker's own maximal isometric strength
[Keyserling et al. 1978; 1980J. However, to date, t~ere are
no valid methods for identifying -high risk people,N i.e.,
accurately predicting vbecher healthy workers are susceptible
to musculoskeletal injury from jobs requiring Manual lifting
and other forms of exertion. Although the use of X-rays,
muscle strength tests , tests of physical fieness or
flexibility. or other Means have been promoted as screening
procedures in che past, chua far none have proved successful
[Putz-Anderson 1988].

The American Occupational Medical Association concluded that
many of these tests should not be used as screening
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procedures, bue rather as special diagnostic procedures
available to t~e physician on appropriate indications for
study [Rothste"in 1984].

In summary, an ac,antage of adminis~rative controls is that
they can usually be implemented quickly and easily wit~oue the
need to purchase or modify equipment. Because" administrative
controls, however, fail to eliminate the source of the hazard:
they should be considered temporary solutions for controlling
exposure until more permanent engineering controls can be
implemented.

3 .. Personal Protective Egu1pmen;

NIOSH continues to support OSHA in recommending personal
protective equipment (PPE) as the lease preferred intervention
strategy for controlling ergonomic hazards [OSHA 1990]. PPE
seldom provides complete proteceion from exposure to a
significant hazard; rather it seeks to reduce the exposure to a
level that is acceptable (Moran and Ronk 1987] .

Traditionally, PPE has afforded protection to the worker by
providing a barrier becween the worker and the hazard sou=ce.
Examples of PPE that operate on this principle include
respirators, ear plugs. vibration-attenuating gloves, protective
eye wear, chemical aprons, safety shoes and thermal protective
clothing. Because braces, wrist splints, back belts, and similar
devices do not provide a barrier be~.een the worker and t~e

ergonomic hazard, they cannot be considered PPE. Furthermore,
most devices (such as braces and splints) thae are purported to
reduce biomechanlcal stress on the musculoskeletal system have
questionable value. Indeed, there is little research evidence to
demonseraee chat these devices limit the risk of injury.

Although other examples· may exist, the only obvious e~le of
ergonomic PPE enat could be identified is vibration-attenuating
gloves. Oepending on their compOSition and const=uction, gloves
have been shown to be effective at absorbing much of the
vibraeion energy. that would otherwise be transmitted to ene hand
(Gael and Rim 1987]. However, potential USers should be
cautioned that gloves generally interfere with grip serength and
aumu.al d.excericy, thereby increasing the effort required for
aumual tasks (Mieal and lUlbom 1992].

NIOSH has recently revised the lifting equation to reduce and
prevent back injuries [Yaters et al. 1991J. !his equation is an
update of the original equation prOVided in the Work Praccices
GuJ.de for Manual LUr:ing (NIOSH 1981 J. 'The new equation
addresses jobs that require twisting motions and for which the
horizontal and vertical positions of the load and the
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hand/container cou~ling can be defined. Ie re-emphasizes the use
of engineering methods in preference to administrative procedures
for control lifting hazards.

NIOSH will prepare a position statement on the use of back belts
to reduce and prevent low back injuries. This statement will be
sent to OSHA in the near future.

Conclusion

P~eventing or reducing ergonomic hazards is frequently difficult for
a number of reasons. In some cases, several factors combine to
create a hazard. Overlapping problems can include high production
demands, faulcy work methods, awkward work station layouts, and ill­
fieeing tools (Putz-Anderson 1988]. Therefore, improvements
addressing one factor may not eliminate the overall risk. Also,
interventions effective in one sieuation may be ineffective in other
settings. Most control plans involve compromise and trade-offs to
arrive at the most appropriate solution. The solutions will
t"fPically require a series of adjustment or fitting trials to ensure
effectiveness and worker adoption. In the final analysis, most
ergonomic solutions to work-related musculoskeletal disorders are
more often affected through incremental and cumulative improvements
in the workplace than from a single, major workplace modification.

In summary. NIOSH continues to support a three-tier hierarchy of
control (i.e., engineering controls, administrative controls, and
PPE) for controlling ergonomic hazards. !he effectiveness of any
eype of hazard control or prevention program is dependent on
management commitment and employee participation. Regular
monitoring, positive reinforcement, and feedback are necessary to
ensure that control policies and procedures are not circumvented for
convenience, schedule, or production.

C. HLUTB SURVEI1.LANCE (Submitted with NIOSH Comments to OSHA dated
2/1/93)

D. MEDICAL l!L\NAGE:H!1rr (Submitud with NIOSH .Commenes to OSHA dated
2/1/93)

E. TRAINING AND EDUCATION

The successful implementation of the worksite analysis, hazard
control, health surveillance, and medical management elements of the
ergonomics management program requires the active and informed
involvement of all members of the organization. !his a~plies not
only to those employees directly at risk, but also to those whose job
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responsibili:ies may influence the ergonomic risks of others (e.g.
supervisors, managers, engineers, and purchasing agents). It is,
therefore, essential that all risk-related indiViduals be equipped
with the necessary knowledge, skills and incentives to effec:ively
support and ?articipate in ~e ergonomics management program.
Indeed, the absence of this training may itself be viewed as a risk
factor, affecting the well-being of the indiVidual worker and the
functioning of the organization (Blackburn and Sage 1992J.

Training, when used as part of an overall ergonomics management
program, has been shown to effectively enhance worker awareness of
ergonomic risks [Liker et al. 1990J and protective behaviors [St­
Vincent et al. 1989J. A summary of relevant research is presented in
Table 4. It should be noted that successful training programs are
not intended to be used in isolation or in lieu of engineering,
administrative. and PPE controls (as identified in Section III.B.).
Rather training programs are intended to enhance the capaci~j to
effectively recognize workplace hazards and to understand and apply
appropriate control strategies. It ~t also be emphasized that even
the' most effective training program does not insure that skills and
practices learned in the training environment will be enacted and
sustained in the workplace. A host of factors including the level of
organizational commicment, supervisory support, availabili~J of
needed resources and equipment, performance feedback, motivational
incentives, oppor~iey for practice, and workplace norms influence
the effectiveness of workplace safety practices independently of the
quality of training (Goldstein 1975; Campbell 1988; Baldwin and Ford
1988J. For this reason, the training program must be seen as but one
element in the organization's overall ergonomics management program.

Training Model

The planning, execution, and evaluation of ergonomic training should
follow the model presented io the OSHA voluntary training guidelines
[OSHA 1992] which consists of the following steps:

1) Deter.:aining if training is needed
2) Identifying training needs
3) Identifying goals and objectives
4) Developing learning activities
5) Conducting the training
6) Evaluating program effectiveness
7) Improving the program

A general description of how these steps should be iMplemencad in an
ergonomics training program is provided below.

1. Determining if Training is Needed

Any worksite requiring an ergonomics management program (as
determined by the worksite analysis and medical survey described in
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Seceion II) should be required to provide ies employees with ehe
eraining necessary eo develop ehe knowledge and skills eo
effectively implemene the program. Consistent with the approach
specified for ergonomic training in relaeed documents (OSF-A 1990;
NOHSC 1992; Cal/OSHA 1992] training should be provided at evo
levels:

a) General awareness training for all individuals affected by the
ergonomics management program. !his may include, in addi tion
eo employees directly at risk, supervisors, managers,
engineers, purchasing agents, and safety and health committee
members whose job responsibilities are related to risk
recognition and control.

b) Job/risk-specific training for those individuals and
their supervisors employed in high risk jobs as
identified by the worksite analysis and medical survey
data.

Baseline training at both levels should be provided to all
employees during the implementation p~e of the ergonomics
management program, or at the time of hire for new employees.

2. Identifying Training Needs

a) General Awareness Training

A number of general awareness courses regarding the nature and
control of ergonomic hazards are currently available through
federal (e.g., NIOSH, OSHA Training Institute), universi~

(e.g., continuing education programs at 12 of the 14 NIOSH­
funded Educational aesource Centers), and labor organizations
(e.g., Yorkplace Health Fund). Kociel course conCents have
also been proposed by Robmert and Laurig [1977] and Smith and
Smith (1984]. At a minimum, all individuals receiving general
awareness training should be sufficiently info:med as to be
able to:

1) Describe the general nature, symptoms, and eypes of
work-relaced ~culoskaletal disorders

2) Describe the risk faccors ...ociated with work-related
musculoskeleealdisorders

3) Describe the prevention and control serategies for abating
ergonomic hazards

4) Describe the organizacion'sprocedures and policies
regarding the reporting of work-related musculoskeletal
disorders
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5) Describe the organization's procedures and policies for
reporting perceived ergono~ic risks

6) Describe the membership, str~c~e, and general operation
of the organization's ergono~ic management program

7) Regulations, standards, etc. regarding ergonomic hazards

b) JobjRisk-Specific Training

In addition to the awareness training described above,
additional job/risk specific training should be provided to
those employees and their supervisors who are at risk from
ergonomic hazards as identified in the worksite analysis and
medical surveX. The content of this training will be dic~ated

by the findings of the worksite and health surveillance
acti·1ities. Nevertheless, at a minimum, the training should
enable the employees to demonstrate an understanding of the:

1) Specific tasks or operations associaced with their jobs
which pose ergono~ic risks (results of worksite analysis)

2) Proper use of cools, devices, and equipment prOVided to
control identified risks

3) Proper engineering, work practice, and administrative
controls available to reduce identified risks

4) Procedures for recommending job redesign or conerol
strategies for reducing risk

3. Identtiying Training Objectives

Following a determinacion of the training needs, perfo~ce
obj ectives should be specified. Obj ectives should be clear,
directly observable, ~.asurabl., and action-oriented. The
objectives should describe exactly what the crainee should know
and b. able to do following training [Gagne and Briggs 1979] and
specify the conditions under which these behaviors should be
performed [Smieh and Delahaye 1987; Komaki et a1. 1980]. Because
of the variabiliey of ergonomic hazards and related controls
across job operations and worksites, eraining objectives will be
situationally specific. Objectives will be identified by the
medical surveillance, worksite analysis, and hazard control
components of the program.

4. Developing Learning Activities

The ~ode or ~ethod of training should be tailored to che
individual worksice and job/task. Size of-the organization and

11



available resources, worker demographics, ~he na~ure of ~he work
being performed, and o~her fac~ors will influence the cype of
learningac~ivi~iesmos~ appropriate. Regardless of the s~ra~egy

employed, allowance should be made for active rehearsal of the
trained skills and behaviors, performance feedback both during
training and on-the-job, and remedial or additional ins~ruction

when initial training fails to provide trainees with skills and
knowledge s~a~ed in the course objectives.

5. Conduc~ing ~he Training

The training should be conduc~ed a~ a language and educa~ional

level compa~ible with backgrounds of the individuals ~o be
~rained. Individuals should be provided with an overview of the
materials to be learned as ~he goals and objec~ives of the
training. This will allow the ~rainees to de~ermine if ~hey have
received adequate instruction relative to organizational
expectations. Even materials tha~ are well-learned during
training will have to be periodically refreshed. The ques~ion

here is when or how often should retraining be provided following
the initial baseline training ~o ensure maintenance of the
knowledge and. skills specified in the goals and objectives. From
an empirical perspective, the question is unanswerable in a
generic sense. Few sys~ematic field s~dies of training
techniques and retention rates have been conducted to date, and
those that are available, vary along important dimensions.
Rubinsky and Smith [1971], for an example, repor~ that the
positive effects of training on the safe use of grinders using a
simulated accident technique began to diminish after only four
weeks. The safe donning of self-con~ained, self-rescuer
respirators showed a degradation of skills three monehs following
training [Vaught e~ al, 1988]. A 30 to 45 minute slide
presentation on the proper use of equipment and ~ools,

housekeeping and general safety procedures increased safe work
behaviors among vehicle main~enance workers, relative to baseline
levels, for up to 45 weeks af~er training when supervisory
feedback was prOVided 2-3 times a week [Komaki e~ al. 1980]. The
re~ention rates of learned behaviors vary as a function of a
multitucie of content (e. g., complexity and naeure of the task),
train•• (e.g., motivation, aptitucie), instructional design
(conditions of practice, sequencing of materials) and
environmental/organizational (e.g., corrective feedback,
reinforcement) variables [Kyllonen and Alluisi 1987; Fendrich et
al. 1988].

At a minimum, refresher training (both awareness and job/risk
specific) should be provided annually to maintain employee
motivation, to reaffirm organizational commicment, and to allow a
forum for employee feedback, all factors which have been shown to
greatly affect the transfer of training [Baldwin and Ford 1988;
Campbell 1988] . In addition, targeted training should be

12



delivered on an ~as needed ft basis when che medical surveillance
daea or worksiee analysis of anexiseing or modified job indicaea
a eraining need.

/'\ ;

6. \ Evaluating ehe Program

A plan for evaluating the effectiveness of ehe tra1.n:Lng should be
developed at the same t~e thae the course objeceives and content
are formulated. The evaluation should focus on the skills and
knowledge specified in the training objectives and provide.
information on che exeent to which the training broughe attendees
to .the desired level of"proficiency. The evaluation should occur
at ~o levels (Cole et al. 1984J. The first, a formaeive
evaluation, is conducted concurrently wieh, or immediately after,
training to assess. the clarity, organization, and ,
comprehensibility of the instruction. !his is to assure that
individuals are learning what they should be learning. Surveys,
focus groups, interviews, self-assessment tests, and behavio;-al
demonstrations are common methods for farmaeive evaluation.

\.

Informacion learned here should be used eo refine the training
program ..

!he seco~d type of evaluati~n is a summacive evaluation which is
conducted. follOWing the reeurn to work to determine if individuals
are acrually practicing what they have learn~d. On-the-job
performance, worksite analysis (Section III.A.), and illness and
injury data (Section III.C.) may be used for this purpose. If the
formative evaluation indicates that learning occurred,' but the
summative evaluation indicates no change in organizational
pe,rformance, this may indicace ~t the train~ng waS not relevant
to the aceua.l job/task, or that other aspects of the overall
ergonomics management prograM (e.g. supervisory'suppor~,

availabiliey of resources, and perceived management commi~enc)

may be deficient. '- I

.7 . Improving the hogram

If the evaluations performed above indicate that the training did
not meet objectives, review of the training program, a~ong with .
the other elements of the ergonomics management program, should be
performed and revisions made. '

13
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Table 1

EXAMPLES OF ERGONOMIC ~VENTIONS

1. Repeciciveness

a. Use mechanical aids
b. Enlarge work coneene by- adding more diverse aceivities
c. Aueomate cercain tasks
d. Rotate workers
e. Increase rese allowances
f. Spread work uniformly across workshift
g. Restructure jobs

j

2'. Force/Mechanical Stress

a. Decrease the weight of tools/coneainers and parts
b. Increase che friccion becween handles and ehe hand
c. Opcimize size and shape of handles
d. Improve mechanical advantage
e, Selecc gloves co minimize effeces on performance
f. Balance hand-held cools and containers
g. Use corque copcrol devices
h. Opcimize pace
i. Enlarge corners and edges
j. Use pads and cushions

3. Poscure

a. Locate work co reduce aw~~ard poseures
b. Alter posicion of tool
c. Move che part closer to ehe worker
d. Move the worker to reduce awkward poseures
e. Select tool design for work station

4. Vibrac10n

a. Selecteools wieh minimum v1bradon .~
b. Select process to minimize surface and edge f~shing

c. Use mechanical &.15 i51:5"
d. Use isolation for tools that operate above resonance point
e. Provide damping for tools that operate at resonance' point
f. Adjusc tool speed to avoid resonance

-14
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5. Psychosocial Stresses

a. Enlarge workers' task ducies
b. Allow more worker concrol over pattern of work
c. Provide micro work pauses
d. Minimize paced work
e. Eliminate blind electronic monitoring

15
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TABLE 2

SELECf SIUDIES DEMOMSfRAllNG EFFECIIVENESS OF ENGINEERING CONIROLS FOR REDUCING E.PO~INE 10
ERGONOMIC RISK FACIORS

fARGEI PROBlEM'
SUllY I'Q'tJl AII 011 RISIC fAClOR CONINOI tlEA~IlE UII:CI

- - - - - --

Miller, R.nsohoff .nd Surgeons (bayonet forceps) Muscle fatigue durIng forceps Redesigned forceps (Increase Reduced muscle tension (determined by
IIchauer (1911) use, frequent errors while surf.ce area) EMG, fewer pdssing errors)

passing Instruments

Armstrong, Kreutlberg Poultry cuttere (knlvea) Excessive muscle force during Redesigned knife (reoriented Reduced grip force during use,
end Foulke 119821 poultry cutllng tesks blade, enlerged hendle, provided reduced forearm Dlliele fat Igue

strup for haoo) "-
Knowlton and Gilbert Cerpentera (h....r.) Muscle fetlgue, wrist deviation Bent hmoner hundle, decrealied Lelili urenglh decreOlent after use,

1191111 duringheemerlng handle di88l8ter reduced ulnar wrist deviation

Habe. (1984) Auto worken B.ck fatigue during embosalng Provided cut out In die (reduce Reduced back lILIscle fatigue .s
I.ska reach dl&tllllCe) determined by EMG

Goal .nd RI. 1198n Mlnen (~ttc chlppere) Hand-.... vlbr.t Ion Provided padded gloves Reduced vibration transmitted to the
hand by 21.S - 'S.SI

Wick 11981) Machine oper.tor. In a .~I Pinch gripe, wrlal devl.tlon, Provided adlustable ch.lr and Reduced wrist deviation, compressive
plant hluh repetition r.tes, bench-mounted .r..-ests, angled force on LS/SI disc (from 85 to 11

stDt Ic loadlnu of legs and back press, provided parts bins Ibs)

LItlle l198n f I I. notchen Ulnar deviation, high Redesigned notching 1001 Reduced force from 12-1S to 10 lba,
repetition rales, pre••ure In (extended, widened and bent eliminated ulnur wrist deviation,

the pul. of the hend IqJOsed by handles, reduced squeeling force) increased productivily by I~l

notching tool

Johnson 119881 Power hand tool Wiera Muscle fetlgue, excessive grip AdUed vinyl sleeve end brace to Reduced grip force as dctefiAlned lJy
force handle EMII

Fellows .nd frelvalde G.rdener. (rak.a) BII.tera, 8U8cla f.tlgue Provided f0881 cover for hendle Reduced ftlsele tens Ion and fatigue
(1989) bulldurl as determined by EMG

Andorsaon 119901 Power hand tool usen Hend-.r. vibration Provided vlbr.tlon dBmplng handle Reduced hand-transmitted vibration by
61-851

"dwln and 011 119911 Irlgger-oper.ted power hand Excessive h.nd exertion and Extended trIgger Reduced finger .nd palMr force
tool user. _cle f.tlgue during tool operlltion by 111:

Freudenlh.1 et al. Offln worker. Stat Ie: loading of back and Provided desk with 10 degree Reduced moment of force et L5-S1 by
119911 shoulders during aeated taska Incline, adjustable chair end 294, .1 Cl-Il by 211

tsble
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lAllGEl 1'1081 EM'
SliD' t'OPUlAII 011 liSt:: FACIOll UlNIIOI MEASlMlE Hlf([

- -- -- --

Miller, lansOholf and Surgeons (bayonet forceps) Huscle fatigue during forceps Redesigned forceps (increase Reduced ollscle tellsion (determine,l IJV
I ichauer (1911) use, frequent errorli while Iiurl lice ai-eli) EHG, lewel- pabbill!l error .. )

passing instruments

Powerl, Hedge and Hartin Off lea worten Urist deviation during typing Provided forearm Iil~rts and a Reduced wri st ellten:; Ion
(1992) tuks neglltive slope keyboard support

ly81elll

Erllman and Ulck (1992) A••e.bly work.r. Pinch gripe, wrllt deviation Provided new allembly filltura Eliminated pinch grips, reduced wrllil
deviallons by 6SX, reduced cycle lime

by SOX

luttmann .nd Jag.r ue.v,n for••r.8U6cl. fatlgUB Rede61gned workuulon (IUIIerouli Reduced flit igue 1Ilii Id-up a6 Indicate..
(1992) c~anges) by ("Ii, IA,)rove~!8~!~Y0!...E0duct
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TABLE 1

SELECT 5TtDIES Of TIlE fFffCTlVEIlE55 Of VAilIOOS aJIITIiOl 5TUTEGIES FOi IIEDUCUIG ~OSnIETAL IIIJUIIIES

IINEII OF ADOIIiOIAL lXHtfll15
5TtDr np£ OF &IlII1C TAU ....U1l5 NETItOO Of IIiTEIlVEIiTlOli SIMlAIIY OF IESill '5

Jonlllon 11988b1 Telephone •••.-bly. 25 total worker. Job rotation Job rot.tlon In Iloht duty Mee.ured &tetlc load tn
8IOUfecturing printed circuit uudled tesks not •• eflective e. In Irepellu. muscle with EMG
carda. gla.s blowing••Inlng dylllllaic he.vy duty tasks
work

Yestg••rd and A.ra. Procb:tlan 0' cabla f...... 100 workera Introcb:ed adJuatable Turnover decreased. Positive ef'ects 0'
11984; 1985) work.t.tlana and fixtures. ~sculoskeletal sick leave Interventions veri lied by

counterblhnced tools reduced by 2/3 over 8 year reductions in trapellus
period; proWctivity .,scle EMG
increased

I tanl et .1. 11979) Photographic 'II. roiling 124 tot.l leGJced work t I... Increased lIeductlon In cervlcobrachlal POSI Intervention
worker. worker. In two number of rest break& disorder and low back productivity 861 of

group& c~laintl; il~oved worker preintervention leveh
heal th

LuQpeJ.rvl at al. food procb:tlan packlng tuke 200 worke,. leetelloned packing IIIchlna Decreasel In neck. elbow. and Not ell recoomended job
119821 wrlal pain chenges lapl ealented;

workers still coopt81n

"denlle et at. 'elec-..lcatlana equl~t 6600 aployee. ledellgncd handles an Incidence r8t8 of repetitive D8te Inadequ8te for
119851 8IOUfect.urer powered Icrewdrlver. and trauma dl&orderl decreased rioorous statisllc81

wire wrapping gunl; fra. 2.2 to .53 cases/200.000 evaluation
Instituted plant-wide work hour. and lost days
ergOOOllllcl training progr. reduced fra. IDOl to 129 In

three yea,.

Rigdon IVal1 Street Bakery 630 esployeell For.cd unlon-_gt.went CID C'5 cases dropped fra. l~ 10 Union udvoculed alOre
Journal 1992) canalttee; work Itatlan 15 In 4 years. lost deyl equipllleni 10 reduce lllilnulit

changal. tool 8odlflcatlons. redJced frOlll 1)1 to 8 maier lilt hllndtln9
I~oved work practice.

Lutl and Hanaford Manufecturer of luturel and >1000 Introcb:ed adjustable work Ie«b:ed .cdlcal vlslta frOlll Results based on two
11981) wound closure procb:tl It.tlona and flatures. 16 to 28 per month departments with 55

..chanical .Ids to reduce eaployees; cOllpany
repetitive 8Otlona. Job enthusiastic about
routlon exercise progrllGl

Sllverlt.ln et .1. Inve.tMnt caulng plant 136workerll Specific eruano-Ic changes 110 relationship between Ergonomic changel did not
11981) not .cotloned ergQN8lc changea and reduce the risk of Itudied

prevalence of hand-wrist C'Os lobs

Jorgensen et al. Airline baggage loader. 6 81111 es IntroWced a telescopic bin Local DJScular load on the Measured EMG 0' the
119811 loading system shoulder& and low back trapeltus and erector

reduced sp inae olUscl es
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IMItIIER OF
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ADDitiONAL aHlENIS
StWI IYPE OF YOIIl tASK YOIIlEllS MEtHOD OF INTERVENtiON SlIItAIII OF IESlII t S- _.

JonBion 11988b) '.Iephone essembly, 25 total workere Job routlon Job rotation In light duty Measured static load In
manufacturing printed circuit studied tasks not as eflective as In trupezius olLlsde with EKG
cerds, glasa blowing, .Inlng dynamic heavy duty tasks
work

Ger.. et el. Rubber end plastic perts workers 81 pl8flts of a Introduced an ergonomics Lost time at two plants ley to success has been
Iunpj>I Ishedl national company training end intervention reduced from 4.9 and increused training,

'program; added ~terial 9.11200,000 hours to .9 and awareness of halard. and
handling c<fJlpnent, work 2.6, respectively over 4-year Improved communication
station modifications to period between Mnagement and
ell.lnate postural stresses workers

LaBar (1992) Household producte -.nu'ectur.r 800 workers Introduced odlusuble Reduced inluri es (OO'M1l1y also has e Illbor'
work,tetions, improved the (pun h:ulurl y buck by ~OX) IIl1lOuycalCllt tiufety
grlpa on hand tooh, COlllllittee thllt
I~oved parte organllatlon Investigates ergonomics-
end work flow related cooplalnu

Orgel et al. (1992) Grocery etore n ~Ioyeel Rcdeelgned checkstand to Lower rate of self-reported Stu.1v lucked a control
reduce reach distances; neck, upper back, and grOlIp
lnatelled a height- shoulder discomfort; no
adlU6table keyboard; trained change in ara, foreanl, wfl st
workere to adopt praferred d i sCOlllfort
work prectlcee

llt~ (1988)
--

.evl.... Intervention progr_ In 14 uudl.e Conctudee thet Job redesigns
verlOUI Induatrlee er. auet effect Iv., but al

th. phyelcel environment
Improvee, work organllatlon

,-- and psychosocial factors
beCOlllC IlOre ispar t ant

Echard et et. (1981) Autaaoblle .-nufactur.r Redesigned tool" fl.tures, RedJced long-term tipper
Uld work organlzetlon in ••trealty and back
assemblv operations disabilities; reduced CIS

surgeries by 501

Snook et el. (1918) Insuranc. c~y lurv.v 200 ,urveys Selection of workers; Selection and training not Authors also conclude that
training In Ilftlng effective; ~tchlng job II} of low back injuries
technique; design of lifting de~nds to worker will occur no matter what
tasks to flt worker capabilities can reduce halard control epproach Is
cepabilit Ies Injuries by 20 used

Drury Uld "Ick Shoe .-nufactur.r 6 work eltea "ork Itetlon redesign Reduced postural Itress; lrunk and upper I labs mil

11984) Increased productivity affected by changes



TABLE 4
SEL.ECi'ED STUDIES DEMONSTRAnHG EFnC"TTWHESS OF ERGONOMICS TRAINING

AUTHORS TASK (INDUSTrIY) SAMPLE STUDY DESIGN MEASURES RESULTS
I

Srown It aI. [1992) Varied 74 workers Betere • Alter Flecoros stuc:ly: Trainld workers had slg.
(Municipal) w(Job bacJc' 6 wk. BacK School lJ:lst time. lost time eefore-atter gains on all

injury history Non-lCluivalent cost. measures: fewer injury
comrola medical cost, tetaI COst repol'1S t.'an controls

Orgel It aI. [1992) Cheek-cut 23 workers Be10re • Abr: no Self-report 01 =:goncmies program
(Grocery) centrOla disccmtert resulteo in scme decrease

Training 'Mas part 01 in meoication I

ergonomics PrQlilram reCluirements and .
recover; cays

Liker It ai, [1990) Ergonomic job 147 aSH Bltere • Alter Knowledge and Sul:stat'ltaJ gains in
anaIysia

~-
L.ecture-l:l&Mcl Pllysical knowleege cut not skills:

(Varied) !raining straI ntimatlCtl skills simplistic analysis mceels
!=lre1erred

DortCh & Trombly Asaembly by hand 18 workers Bltere • Alter Behavior obslriatlon Trained groups had
[1990) (EllCll'Onic:s) Handouts lIS. reduced :raumati%lng

handouts ... movements when
demonstrallons lIS. com!=lated wittl controls

IcontrOla
,

Genaady It al. l.i1tIng and canying 21 Pot Be10rl • After Psychophysical Flsyc:hopnysic:aJ
(1989) (Paclcaging) worilIR w/centrala endurance. endurat'lci doubled atter

8 Ptlysical training raSlngs 01 perceived training; perceived
seuiona Illertion Ixertion did not etlange

I

St-llincem It aI. l.i1tIng 32 ordenl. 12·18 monn Atter Trained blhavior i'rccedures from training !
(1989) (o.natrio h~itaJ) only oburwrw rarlly used in nonzontaJ I,

12h cIuaroom uaing • bIhaviOr grid moves; more frlCluenrly ,
training used for vertical I

:

Rosenfeld It aI. Varied 522 wortcera .SI1C~ • /liter Se/1-repcrt 01 perceived Physical training group ;

(1989) (Ptlarmaceut1c:a.1) PftysicaI ll'aining lIS. woridcad. efficiency. had higner !=lerceived
social fatigue worldoad :ut lewer fatJg:.oe
advity . POst traming

Wker It aI. (1989) Manytuka 4 PIamI: ~·After Qualitdw: Botn training by Illl:erts

(AIItc and air 2 U.s. cI'WIga by WctilsitI oc.vdons (U.S.) and peer or

cenditlonin; m1;.) 2"" ergonomiea Reccrds rwview superviscr training
c:ommiUM; (Japan) ccmributed :0
no cemroia com!=lletion of job

Iredesigns

Geru It aI. Vvied
UnJcnown "

SI1C~ • After LD8C lime incidencl Substal'ltiaJ rltduc::ionsn i
(unpublished) (AIItc m1;.) pIant~ Training ccurae + r.- incidenee rates atter I

~ ergoncm.iea program was initlated Iprogram
I

Chattln It aI. l.i1tIn; 33 rnGer1aI SIfa~ • After ~ anaIyIia 01 F'Qst-training lifts wert

(1988) (WareIlOUSl) handI.,.. 2 4-ftOW' training random better on 2 01 S critllna
. seuiona Yid~11ft:s

2C



AUTHORS TASK (INCUS'mY) SAMP~ sroCY CESIGN I MEASURES I RESULTS !
j

McKenzie et aI. [19851 Varied 6.600 worlr.~ Be1are • AItet Repetitive mo1ion Fleducad incidence rates
(Communications mfg.) Training fer incidenca rams ocrresoonded with

ergonomics taSk ~rogram implementation
terce ~rotessiOnal.

only as ~art ot .rgo.
~rogrwTl

I Smitn &. Smitn SupelV1sion 100 superv1SC~ Attar only. no Self....pcru 01 attItud.s Substantial SUOPOr1 for

I
['984] Textll. mtg. centrO!, tewlld .rgonomic ergonomics aetivlties

activities

Scholey ['9831 Wftfng 4 F nurses Befere • Alter TruncaJ S1fISI Training was effec:'l:ive tor
(Geriauic nospital) HandoU'CI + (outeomel 3 nurses cut not for a less

~sysio-fMdback Taslc analysis experienCed nurse in a
+ demonnaon + Behavior otlUlVdon more demanding ward

practice

Dehlin et aI. [1981 I Lilting 4.5 F with Be1are • Attw SeIf-reporlS 01 Negligible diff.rences;
(Geriatric nospital) law back Fitnns training lIS. ~ercaption 01 fitnlSS training resulted in

symptcms lilting worlr.l~ greater ~erceived neec tor
t8dlniQu. training \IS. insuffici.ncy. information and IISS

centrO" and dnrmination 01 ~ercei ...ed exertion
~11ysicaI worlr~ .

Snook It aI. [19181 Wftfng (Varied) 192 surveys Allar only Self-report 01 insurance No training ItfIcls on
Training vs. no r.pa on tniii' most injury inoidence

training recent claim

FIonm'r1 &. !.aurig Varied 195 wcrlrers ~.NW WrI1:tIn qu.ltionnaire Incrused ocrrelalion
[1977] (Au1c mtg.) +day training oou...; between OCUl'18 time

MO ccmrola d....oted to lO~ic and
importance rank
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