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1. Scope

1.1 This guide is intended to assist in the integration of
ergonomic principles into the design and planning of new
occupational systems from the earliest design stages through
implementation. Doing so may reduce or eliminate the neces-
sity for later redesign that could have been foreseen.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Terminology

2.1 Definitions:

2.1.1 administrative controls, n—work practices and poli-
cies that are implemented with the objective of enhancing
human well-being and overall system performance through the
way work is assigned or scheduled; examples may be found in
Appendix X1.

2.1.2 benchmarking, v—identifying of best practices against
which to compare the effectiveness of a process or design;
examples may be found in Appendix XI.

2.1.3 business outcome, n—required products or services or
both, that is, the desired and essential qualities and quantities of
the end product of the occupational system.

2.1.4 design team, n—departments or individuals or both
involved in or consulted during the design process including
representatives of those who are involved or affected by the
design; examples may be found in Appendix XI.

2.1.5 engineering controls, n—physical changes to jobs that
are implemented with the objective of enhancing human
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well-being and overall system performance through the design
and modification of the work equipment, facilities, or
processes, or combinations thereof; examples may be found in
Appendix X1.

2.1.6 ergonomics/human factors, n—scientific discipline
concerned with the understanding of interactions among hu-
mans and other elements of a system and the profession that
applies theory, principles, data, and methods to design to
optimize human well-being and overall system performance.
(International Ergonomics Society)

2.1.7 job, n—set of tasks performed by one or more work-
ers.

2.1.8 knowledge base, n—organized body of information
applicable to the integration of ergonomics into new occupa-
tional systems including both general ergonomic resources,
such as those found in the bibliography, and the experiences of
the organization.

2.1.8.1 general knowledge base, n—ergonomic textbooks,
guidelines, recommendations, reports of other companies’
ergonomic programs, and so forth.

2.1.8.2 internal knowledge base, n—organized account of
the organization’s positive and negative experiences with
occupational processes.

2.1.8.3 project knowledge base, n—working collection of
experiences for the current project in which decisions made at
each stage are added to the project knowledge base for use at
later design stages, and after the completion of a project, the
project knowledge base is integrated into the internal knowl-
edge base.

2.1.9 occupational ergonomic risk analysis,
n—occupational ergonomic risk analysis may include, but is
not limited to, the evaluation of force (including dynamic
motion), repetition, awkward or static postures, contact stress,
vibration, and physiological and environmental factors such as
temperature and other ambient air conditions and occupational
ergonomic risks can be affected by workers’ lifestyles and
other nonoccupational risk elements.
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2.1.10 occupational system, n—integrated collection of
personnel, facilities, equipment, tools, raw materials,
techniques, and other resources organized to produce a product
or service.

2.1.11 task, n—group of related activities that comprises a
component of a job.

2.1.12 workers’ capabilities and limitations, n—those per-
sonal characteristics that workers bring to a job, such as:

Physical strength, endurance, agility, and skill and

Mental abilities, techniques, and knowledge developed
through training, experience, and education. Examples may be
found in Appendix X1.

3. Summary of Guide

3.1 This guide facilitates the integration of ergonomic
principles into the design of occupational systems. It is
assumed that there will be more than one iteration of the
process, proceeding from the general and becoming more
detailed with each iteration. The number of iterations will
depend on the complexity of the process.

3.2 The evaluation begins by defining the business outcome,
that is, the essential qualities and quantities of the end product
or service.

3.3 After identifying the required process elements (physi-
cal and operational components), tasks are allocated to ma-
chines or workers.

3.4 The jobs are then analyzed to determine if they exceed
worker capabilities and limitations.

3.5 Depending on the results of the analysis, the business
outcome or jobs may be modified or action deferred to a later
iteration.

3.6 Throughout the process, the knowledge gained is added
to the knowledge base.

3.7 The operational audit evaluates the system as the design
nears completion. It identifies and evaluates those issues either
not considered or not apparent in previous stages. After the
system is operational, periodic audits evaluate the effectiveness
of the design.

4. Significance and Use

4.1 Integrating ergonomic principles into new occupational
systems may help businesses develop processes that do not
exceed worker capabilities and limitations.

4.2 Jobs and tasks that conform to worker capabilities and
limitations may be performed more efficiently, safely, and
consistently than those that do not.

4.3 The application of ergonomic principles to the processes
involved in occupational systems may help avoid system
failures and inefficiencies.

4.4 The integration of ergonomic principles at the earliest
stages of process concept and design may facilitate appropriate
design, layout, and allocation of resources and may reduce or
eliminate the necessity for later redesign that could have been
foreseen.

4.5 Designing jobs that fit the capabilities of larger popula-
tion segments may increase an organization’s accessibility to
the available labor pool.

4.6 The integration of ergonomic principles into occupa-
tional systems may increase profit by lowering direct and
indirect costs associated with preventable losses, injuries, and
illnesses.

4.7 The bibliography contains a list of reference materials
that may be useful in particular applications. All appendixes
are nonmandatory.

5. Getting Started (see Fig. 1)

5.1 Design Team—Identify the departments or individuals
or both who should be on the design team or consulted during
the design process. They include representatives of those who
are involved or affected by the design. Design team members
may include representatives from engineering, labor,
maintenance, marketing, vendors, safety and health
professionals, and so forth, as appropriate.

5.2 Allocate Responsibility—Appoint members of the de-
sign team to be responsible for maintaining the knowledge
bases, benchmarking, and the scheduling and performing of
periodic audits.

5.3 Business Outcome—Determine the desired and essential
attributes of the end product or service of the occupational
system. The essential attributes of the end product or service
determine what can and cannot be altered during the design
process. They may include:

5.3.1 Manufacturing and assembly items,

5.3.2 Services to be provided,

5.3.3 Material to be delivered to the customer,

5.3.4 Specifications and acceptable tolerances,

5.3.5 Quality levels (allowable percentage of defects), and

5.3.6 The quantity of the product to be produced, including
projections of future requirements.

5.4 Knowledge Base—Establish a knowledge base. Once a
formal knowledge base exists, it will be used as a resource for
the design project. Because experience gained during each
project will be added to the knowledge base, it will grow and
become essential to the design process. It includes the general,
internal, and project knowledge bases. When first beginning to
use this guide, it will be helpful to investigate similar occupa-
tional processes to see how problems were resolved and to
identify experiences not added to the knowledge base. See
Section 2 for more information.

5.5 Benchmarking—Identify benchmarks by which to judge
the effectiveness of the process or design. Benchmarks may
include cost per unit, downtime, absenteeism, turnover rate,
workers’ compensation costs, illness and injury experience,
and delivery performance.

6. Evaluation of Process Elements

6.1 The evaluation of process elements is iterative (see Fig.
2). It begins with a broad identification of the issues and
becomes more detailed with each iteration. Because each
process is unique, this guide does not specify the number of
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FIG. 1 Getting Started
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FIG. 2 Evaluation of Process Elements

iterations or what should be addressed in each iteration. 6.1.2 Identify Operational Components—Identify opera-
Examples of issues to address may be found in Appendix X1.  tional procedures and process elements: production methods,

6.1.1 Identify Physical Components—ldentify equipment, =~ manufacturing and assembly activities, cycle times, materials
machinery, materials, facilities, work environment, and so  handling, quality control, and so forth. Examples of elements
forth. Examples of elements to consider may be found in to consider may be found in Appendix X1.

Appendix X1.
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6.1.3 Task Allocation—Allocate tasks to workers or ma-
chines. This will be based primarily on the knowledge base,
that is, experience with similar designs.

6.1.4 Job Evaluation—Determine the workforce capabilities
and limitations that will be required by the process. Analyze
the anticipated performance requirements of the processes.
Evaluate the jobs and conduct an occupational ergonomic risk
analysis. Examples of elements to consider may be found in
Appendix X1.

6.1.4.1 If worker capabilities or limitations are not
exceeded—Add the information to the project knowledge base
and continue to the next level of evaluation.

6.1.4.2 If worker capabilities or limitations are exceeded—
Modify the business outcome, task allocation, or add controls
(engineering or administrative or both).

(1) Change the business outcome—TIt may be possible to
modify the product or service as defined in the business
outcome.

(2) Modify the task allocation—Review the task allocation
and, if possible, modify those issues that have caused the
conflict, including engineering or administrative controls or
both or reallocation of tasks to machines. After modifying the
task allocation, repeat the analysis.

(3) Defer action—If the task allocation cannot be altered,
defer action to a later iteration.

6.1.4.3 If no conclusion can be easily reached or if the

extent of worker interaction has not yet been determined—If
there is insufficient knowledge or if the job demands appear to
be close to performance limits, either modify the task alloca-
tion so that the requirements do not exceed worker capabilities
and limitations, plan for controls at a later stage, or include
other considerations that may help decide if changes are
needed. In this event, several steps can be taken:

(1) Estimate the relative likelihood or severity of loss or
failure.

(2) Determine if controls are feasible.

(3) Determine if controls can be added at a later stage in the
process so that action is not required during this stage.

(4) Identify possible benefits of modification or change that
could generate a value added return when combined with
worker performance gains.

(5) Reexamine the business outcome.

(6) Assess validity of underlying assumptions to future
business.

7. Audit

7.1 At the completion of the evaluation, perform an audit of
the business outcome; all processes, steps, and activities; and
task allocations. This check will help determine if earlier
evaluations correctly identified and controlled the ergonomic
issues. If decisions made in the evaluation of process elements
result in jobs that exceed or might exceed workers’ capabilities
and limitations, the steps in Section 6 shall be repeated and
appropriate corrections made.

7.1.1 Operational and Physical Components Audit—Does
the project knowledge base identify any issues not addressed
during earlier stages?

7.1.2 Worker-Task Interaction Audit—Have all jobs and
tasks been evaluated for performance requirements and com-
pared to the knowledge base?

7.1.2.1 If worker capabilities or limitations are not
exceeded—Add this information to the project knowledge base,
and complete the evaluation by scheduling a follow up audit.

7.1.2.2 If worker capabilities or limitations are exceeded—
Make changes to bring performance within worker capabilities.

8. Periodic Audit
8.1 Schedule audits on a periodic basis.

8.2 Compare the performance of the system to the bench-
marks established in 5.5.

8.3 Particular attention should be paid to monitoring those
jobs or tasks where changes have resulted in conditions that
may exceed workers’ capabilities and limitations.

9. Keywords

9.1 ergonomics; human factors; occupational system; pro-
cess design; work; work evaluation
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APPENDIXES

(Nonmandatory Information)

X1. TERMINOLOGY EXAMPLES

X1.1 Benchmarks

X1.1.1 The following is a nonexclusive list of benchmarks
that may be appropriate to consider in the implementation of
this guide.

Cost per unit

Downtime

Absenteeism

Turnover rate

Delivery performance

Workers’ compensation, illness and injury experience
Other

X1.1.2 Design Team
The following is a nonexclusive list of potential members of
the design team.
engineering
human factors and ergonomics
labor/workers
maintenance
marketing
supervisors/managers
vendors
healthcare providers
other

X1.1.3 Administrative Controls
The following is a nonexclusive list of administrative
controls that may be appropriate to consider in the implemen-
tation of the guideline.
employee rotation
job enlargement
employer-authorized changes in the pace of work
other

X1.1.4 Engineering Controls
The following is a nonexclusive list of engineering controls
that may be appropriate to consider in the implementation of
the guideline.
workstation modifications
changes to tools or equipment
facility redesigns
altering production processes
changing or modifying the materials used in the process
other

X1.1.5 Operational and Physical Factors
The following is a nonexclusive list of operational and
physical factors that may be appropriate to consider in the
implementation of this guide.
X1.1.5.1 Physical Factors:
product and subassembly quality issues and needs
production demands and production output needs
materials

equipment

space and storage requirements

product assembly or subassembly size, shape, and weight
physical components

forming equipment

fastening equipment

materials handling equipment

packaging equipment

assembly stations or lines

materials storage

work area layout and interface with other equipment, such

as conveyors or other process machinery

forces anticipated in handling and assembly
walking/standing surfaces

clearances

process equipment

tools, tool design, tool specifications, and tool application
storage location, heights, depths

transport and materials movement equipment

weights and dimensions of incoming materials

weights and dimensions of completed products or subcom-

ponents

lighting

heating

workstations

visual display terminals

seating

keyboards and other input devices
other

X1.1.5.2 Operational Factors:
raw material receiving
material handling
assembly activities
production methods
packaging and shipping
inspection and quality control
machine operation
transportation needs
work organization, including training and individual and

supervisory responsibilities

basic cycle times

internal production and outsourcing of components
maintenance and repair requirements
work methods

material transport

work flow

force requirements

volume

staging of materials and equipment
process work methods

vibration
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heat
cold
humidity
noise
other

X1.1.6 Worker Capabilities and Limitation Factors
The following is a nonexclusive list of worker capabilities
and limitations that may be appropriate to consider in the
implementation of the guideline.
information processing
strength
posture
postural stability
fatigue
repetitive motions
concentration

lifting abilities

lifting frequency

body size (anthropometry)
above shoulder activity
torso twisting

range of motion
standing

kneeling

vibration

clearances

visual acuity

hearing

health

reaction times

other

X2. EXAMPLES

X2.1 The following is a list of examples that may prove
helpful in the implementation of this guide.

X2.1.1 The outcome of a new project is the production of a
high-end network server. The assembled computer will weigh
too much for a worker to lift and place in a carton repeatedly.
That could be controlled with a change to the business
outcome—it could either be redesigned to weigh less or
manufactured in two parts, which could then be assembled by
the user. However, both approaches are impractical. Instead,
the issue could be handled at the process level by automating
the packaging process or by using mechanical handling equip-
ment on the production line.

X2.1.2 Demand for products increases dramatically
throughout the year, often with very little advance notice.
During those times, workers are put on extended overtime and
required to work well above normal production levels. It is
“common knowledge” that errors, damaged materials, shipping
mistakes, injuries, and defective products increase during those
times. By quantifying many of these costs and adding that
information to the knowledge base, alternative cost-effective
designs can be developed to accommodate higher capacities,
such as adding temporary employees as needed or mechanizing
some handling, thereby reducing those losses.

X2.1.3 Heavy bar stock, formally outsourced, will now be
machined in house. While this is a physical element, the
functional issues are also obvious. If the machining operation
is performed manually, there will be a need to place each piece
into a press manually, then remove the piece after the press
cycles. Materials handling support with heat protection, per-
sonal protection equipment, and training, especially in high-
production environments, will be needed.

X2.1.4 The pressroom given the task of handling heavy bar
stock in X2.1.3 may choose to control the ergonomics issue by
continuing to outsource the machining task. However, they
could also decide to accept the work and add material handling
controls at the process stage.

X2.1.5 In the previous example, the pressroom given the
task of handling heavy bar stock decided to accept the work
and to add material-handling controls at the process stage.
These controls should be retrieved from the knowledge base
and applied here.

X2.1.6 A computer system value-added reseller decides to
offer on-site service for the computer hardware. While actual
details of the service delivery are vague, from experience (the
internal knowledge base), each service technician will have to
carry a heavy toolbox, a laptop computer, and several large
manuals. At this early stage it is clear that manual handling, in
and out of the vehicle and the customer’s premises, must be
addressed.

X2.1.7 A telemarketing firm that contracts to do an opinion
survey does not anticipate any change in the way that employ-
ees do their jobs. At this point, no issues would be evident.

X2.1.8 In X2.1.7, the new contract did not appear to
introduce any new ergonomics issues since it would not
fundamentally change the way that employees do their job.
However, at the process stage, you learn that the customer has
devised an exceptionally complex questionnaire that changes
the questions and question sequence based on each response.
This could affect error rate, cycle times, volume per person per
day, and computer interaction issues.

X2.1.9 A work area designated for an inspection operation
is large enough for ten inspection workstations. The business
plan anticipates a production rate of 8000 parts per hour.
However, the internal knowledge base shows that a per-person
production higher than 750 parts per hour yields an unaccept-
ably high error rate. There are many solutions to this problem,
and the company may choose to take no action to reduce the
quality risk. However, the opportunity to make changes early
in the design phase has been identified.

X2.1.10 A preferred supplier offers raw materials in small
bags. However, the anticipated volume would add to material-
handling demands and labor costs. Process level controls can
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be used to accept 500-1b (227-kg) bulk loads, and the issue can
be addressed at the process design stage.

X2.1.11 In X2.1.10, varying load volumes make the 500-1b
(227-kg) bulk container impractical. Adding a second “float-
ing” worker for the loading process, combined with a lift table,
may provide an acceptable solution. In this situation, we have
applied controls at three points: a change to smaller bags, a lift
table, and the addition of a second worker.

X2.1.12 If the planned production rate of 8000 parts per
hour in X2.1.9 cannot be supported by the current business
climate, then it may be practical to postpone any action on
inspection area redesign with the knowledge that an increase in
production may also require additional capital costs for line
expansion, including quality control.

X2.1.13 The process includes a computerized numerically
controlled (CNC) machining center. We can anticipate that
parts may be manually loaded and unloaded. The distance from
the frame to the chuck may be of interest if part weight (a
physical issue) is significant.

X2.1.14 Some components will be produced in house,
others will be outsourced. Ergonomics issues involving
handling, transportation, storage, loading, and management of
these components should be included in this definition.

X2.1.15 A copier repair technician who cannot resolve the
problem on-site must bring the equipment to a service facility.
At this stage, we can anticipate ergonomics problems of
handling and transportation of copiers by size and weight.

X2.1.16 A fast-food retailer offering “guaranteed delivery in
30 minutes” considers each delivery as a job cycle. By doing
so, each of the elements that determine job cycle: travel
distance, speed limits, anticipated traffic and traffic signal
activity, accuracy of travel directions, and operator training can
be included as ergonomic issues in the functional definition.

X2.1.17 A beverage bottling company plans to begin route
delivery service to stores in remote areas not covered by other
distributors. Many of the steps and activities, such as loading
and unloading of vehicles and transportation of beverage
containers from the delivery vehicle to the store can be
anticipated at the preliminary design stage.

X2.1.18 In X2.1.17, beverage distribution methods can be
expressed in very simple terms—"“load vehicle,” “drive to
customer,” “unload order,” “place product on hand truck,”
“push hand truck into customer’s store,” “unload hand truck,”
and “return to vehicle.” However, these general terms describe
only general activities and do not provide the detail necessary
to perform an ergonomics analysis. Information on weights,
volumes, heights, methods, travel, and handling frequencies
will all be needed to perform this analysis.

EEINY3

X2.1.19 As the design of a machining center is developed,
increased part complexity now allows only 5 s for a worker to

move from Machine A to Machine B to keep up with each
machine’s output. Unless these machines are directly adjacent,
this rapid sequencing can become onerous. That can be
avoided by moving steps and activities to either earlier or later
processes. Controls could also be applied at the activity
allocation stage by additional steps in the process or automat-
ing manual activities to give the worker more time between
cycles.

X2.1.20 In the previous machining center example, the time
available for the worker to move between Machines A and B
per cycle could be expanded by activity reallocation. An
automatic chuck could be added to one machine (allocated
from worker to machine), and a deburring task could be
reallocated to workers during a subsequent process.

X2.1.21 In X2.1.20, while the time available for the worker
to move from Machine A to B per cycle was expanded with
allocation changes, the difficulty in loading Machine A and a
change in work area layout at installation has reduced this time
back to 5 s. Workers are barely able to keep up with production,
parts damage is much higher than expected, and workers have
quit or posted to other positions in the plant. Changes in this
job are indicated.

X2.1.22 Allocation of steps and activities may be described
as “Lift 10-Ib (4.5 kg) subassembly from pallet to bench once
every 5 min” or “Retrieve customer order, ship date, price, and
shipping charges within 20 s.”

X2.1.23 An electronics company plans to manufacture and
distribute network interface cards for retail sale. Although no
decisions have been made about the manufacturing and assem-
bly processes, the packaging subprocess will be similar to
packaging tasks for the company’s other products. An ergo-
nomic evaluation of activity allocation can therefore be made
at the preliminary design stage.

X2.1.24 A retail distribution center decided to use visual
recognition of customer order numbers for processing of
returns even though the combination of small character size
and short processing cycle times increased the risk of miscoded
merchandise. Four weeks after the operation began, an opera-
tional audit determined that the 2 % error rate was well within
acceptable levels and chose to continue using visual recogni-
tion. A three-month follow-up audit was scheduled.

X2.1.25 Out-of-sequence production overloads the convey-
ors leading to packaging. The packaging workstations, de-
signed for “one product at a time” packing, cannot accommo-
date more than two cartons. The result varies by workstation.
Some employees are found packing multiple products using the
floor for workspace, and others are walking to pick products
manually off of the conveyor carrying them to the packing
station. While there are many solutions to this problem, the
ergonomic analysis at the audit stage will help identify these
issues.
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