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[bookmark: _Toc170823150][bookmark: _Toc108512906][bookmark: _Toc225518333][bookmark: _Toc54705275][bookmark: _Toc68692558]Welcome!
Hi everyone, welcome to the Introduction to Ergonomics Track of ERGONOMICS ON-DEMAND!  
[image: ]I’m Certified Professional Ergonomist and Physical Therapist, Mark Anderson. I’ve worked in ergonomics over the past 35 years in a wide variety of work environments ranging from manufacturing plants to offices to warehouse distribution centers and many things in-between. 
I have been flown by Black Hawk helicopter to the Arizona/Mexico border working with a team to document the physical demands of Customs and Border Protection officers. 
[image: ]I have been lowered 70 feet below the city streets of St. Paul, MN to better understand the ergonomics of the Public Works crews who were cleaning out the storm drainage systems. 
I think thatThat is what I like the most about ergonomics; you never quite know what is next on your agenda! I appreciate the opportunity to share my ergonomics experience with you.
I’m reasonably sure the word, ‘ergonomics’ is not new to you. At this point it seems the word has entered the lexicon of common usage. This was not always the case. 
When I first started practicing ergonomics in the 1980’s, I recall traveling by airplane to work on a project and the passenger next to me asked what I did for a living.  I responded,  “I work in ergonomics.”
[image: ]His next question to me was, “How is the corn crop looking this year?” I’m sure I had a puzzled look on my face until I realized he thought I worked in Agronomics, which of course is the branch of economics dealing with the distribution, management, and productivity of land. His question made sense to me then! 
We then went on to have a nice conversation about ergonomics, corn and probably a few other topics as well! 
[image: ]At any rate, from the consumer’s perspective, ergonomics has now found a niche in the marketing of consumer products. Chairs, toothbrush handles, keyboards, tools, you name it. The product (fill in the blank) is touted as having an ‘ergonomic benefit’. Ergonomics has become a common word! For the next week, listen to how many times you hear the word, ‘ergonomics’ in advertising. I think you might be astounded!
However, just because a product is marketed as ‘ergonomic’, does that really mean it’s better? The old adage, “Let the buyer beware!” has significant impact here. 
In the Introduction to Ergonomics Track, we’ll delve into what ergonomics is all about. We’ll lay out the Foundations of Ergonomics (Epidemiology, Work Physiology, Engineering Psychology, Anthropometry and Occupational Biomechanics) and integrate them into a set of ten practical Ergonomics Principles.
With the Ergonomics Foundations and Principles well in hand, you’ll have the groundwork for the other tracks in the ERGONOMICS ON-DEMAND series. Let’s get started!
[bookmark: _Toc108512910][bookmark: _Toc225518337][bookmark: _Toc54705279][bookmark: _Toc68692586][bookmark: _Toc170823151]What is Ergonomics?
[bookmark: _Toc108512911][bookmark: _Toc225518338][bookmark: _Toc54705280][bookmark: _Toc68692587][bookmark: _Toc170823152][image: ]Definition of Ergonomics
The word ‘ergonomics’ was coined by a Polish scholar in 1857. In Greek, ‘ergon’ means work and ‘nomos’ means the laws or study of. So, ergonomics is literally the “the laws or study of work.”  
[bookmark: _Toc108512912][bookmark: _Toc225518339][bookmark: _Toc54705281][bookmark: _Toc68692588][bookmark: _Toc170823153]Ergonomics – What is the Goal?
We all would agree that the goal of ergonomics is to improve the health, safety and productivity of activities – whether at home or at work. 
We would also agree that aspects of physical and mental stress contribute to the factors of health, safety and productivity.
Is the goal of ergonomics to . . . ELIMINATE physical and mental stress?
Eliminate physical stress . . . what is the outcome? We are aware that if physical stress is eliminated (bed rest, for example) the result is disastrous. (If you don’t use it . . . you will lose it!) 
And of course, we also realize that excessive physical stress without time for adequate recovery is equally problematic.
Eliminate mental stress . . .  What is the outcome? As it turns out . . . not much! We recognize that some mental stress acts as a motivator. However, we also know that too much mental stress results in decompensation and dysfunction.
[bookmark: _Toc68692589][bookmark: _Toc170823154]Just Right Continuum
How about if we replace the word ‘ELIMINATE’ with the word ‘OPTIMIZE’. 
OPTIMIZE physical stress
OPTIMIZE mental stress
[image: ]A completely different connotation is appreciated. Think of it as the ‘Just Right Continuum’; a certain window of optimization is apparent. 
[bookmark: _Toc68692590][bookmark: _Toc170823155]Critical Question
Here is a critical question.
Is the ‘JUST RIGHT’ window the same for each person?
Or is it true that what may be TOO MUCH for one individual is JUST RIGHT and very acceptable for another? 
Do other factors influence the ‘JUST RIGHT’ window? Factors like the time of the day, fatigue, workstation design, tools and equipment, training, environmental conditions, supervision - this list can go on and on - also impact the ‘JUST RIGHT’ window.
The true challenge of ergonomics analysis and intervention is to recognize the influence of individual performance variation AND figure out how best to deal with these variations to optimize performance. We’ll discuss this in more detail when we take a closer look at ergonomics interventions in the Office Ergonomics, Manufacturing Ergonomics and Implementing Ergonomics Tracks.
[bookmark: _Toc68692591][bookmark: _Toc170823156]How is Ergonomics Defined?
[image: ]As we discussed, at this point in the evolution of the science of ergonomics, most people have heard the word, ‘Ergonomics’ and have a sense of how it is used. 
Did you know you can even enjoy ergonomically designed corn chips?
Yep, ScoopsTM are designed to not break when you dip! Which is a good thing, otherwise the next person has to figure out how to get the broken chip out of the salsa bowl!
You probably have heard some definitions of ergonomics:
“Working Smarter; Not Harder!”
“Fit the Job to the Person; Don’t Force the Person to Fit the Job!”
These are reasonable concepts. In our context, we are going to go after it with a little different twist.
[bookmark: _Toc108512913][bookmark: _Toc225518341][bookmark: _Toc54705283][bookmark: _Toc68692592][bookmark: _Toc170823157][image: juggle11]Ergonomics and GravitySlide 9

Ergonomics is like throwing a ball into the air.
	What happens? 
		Correct! 
			The ball comes back down. 
				Why?
					Gravity works!


In fact, if it didn't come back down, we would be quite surprised!  
As we understand the laws of gravity, when we stand on the face of the earth and throw a ball into the air, it will come back down. 
In other words, the . . . Circumstances Predict the Response!
Now, imagine we DON’T want the ball to come back down. What do we need to do? How about throwthrowing the ball up and just tell it to stay in the air? 
“BALL - STAY UP!!” 
[image: ]Everyone will agree this is ridiculous! You can’t get a ball to stay in the air just by telling it to. (Unless you are a magician and they really can’t do it either!)
How do we get the ball to stay in the air? We need to change something . . . attach Velcro to it, throw it into a net, attach it to a string, launch yourself into outer space . . . you get the picture! 
We need to change the circumstances to change the response!
[bookmark: _Toc26614154][bookmark: _Toc108512914]How does this relate to what ergonomics is all about?
[bookmark: _Toc225518342][bookmark: _Toc54705284][bookmark: _Toc68692593][bookmark: _Toc170823158]Circumstances predict the response!
[image: bm bad no use of stool]Well, rather than throw a ball into the air, let's say you need to assemble a component at a knee-high level. The body position most likely used is to just bend over at the waist.  
From a health and safety, as well as productivity standpoint, we recognize this work position can cause problems. 
But unfortunately, it is a commonly observed work position. Next time you are in a workplace, pay attention to how many times you observe the knee-straight, back-bent position.
How about this for a solution - whenever we see someone in this poor position, we tactfully tap them on the shoulder and say, 
“When you are in that bad position, be really, really, really careful you don’t hurt yourself!”
That makes about as much sense as telling the ball to, “Just stay in the air!”
I think weWe need a different strategy.  
QUESTION
[image: ]Look again at the person in this example working with the knee-straight, back-bent posture; what is driving force behind that bent over posture? What set of circumstances are in place?
ANSWER
Is it fair to say, the setup of the workstation with the assembly task occurring at about knee level is the driving factor? 
What can be done to improve the setup? 
We need to . . . 
‘Change the Circumstances to Change the Response!’
How should we change the circumstances?
Intuitively, I think you recognize the recommended body position. You would like them to be more upright in some way. We call this the Neutral Position. We’ll get into the details a little later.
Brainstorm Ideas
Brainstorm on some potential options to change the circumstance to change the response.

[bookmark: _Hlk69124742]__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

What did you come up with?
Option One
[image: A close-up of a tire on a vehicle

Description automatically generated]One option would be to put the equipment on a lift the assembler can control and literally raise the work height. Now, as it turns out what he is working on is a large, heavy street sweeper. But with enough resources (money and time) that could be an option.
Option Two
[image: ]Another option would be to reposition the assembler. We could cut a hole into the floor and have the assembler work from the lower level. 
Now, before you think I have taken a step off the deep end, have you ever seen the workstations at the quick oil change places? They actually have a pit they work in and position the vehicle to gain access to the underneath of the vehicle. 
Once again, some pretty significant resources would be required. But it is possible in the right situation.
Option Three
[image: ][image: tool use of stool]How else could we reposition the assembler? How about a rolling stool?
Honestly, that is what was done in this situation. The assembler is now seated on a rolling mechanic’s stool. Posture is dramatically improved. 
What we understand, based on Engineering Psychology Principles (more about this a little later), is given a certain set of circumstances, we will generally respond in a fairly predictable way. Now we know this is not 100% the case and we will talk about this when we discuss what are called Population Stereotypes in the Engineering Psychology section.


If we want to change the RESPONSE 
We need to change the CIRCUMSTANCES! 
[bookmark: _Toc26614155]
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[bookmark: _Toc170823159]Systems Design
The essence of ergonomics is design. Design of workstations, work processes, work environment and work culture dictates the level of workplace safety and productivity. 
For example, effort may be wasted because of:
Poor positioning of tools, equipment and parts.
Poor design or maintenance of tools.
Haphazardly thought-out work processes.
Poor work environments due to poor ventilation and lighting.
[image: ]We can effectively deal with these problems and other problems by using ergonomics. A systems design approach provides a solid foundation. 
[bookmark: _Toc157837053][bookmark: _Toc225518345][bookmark: _Toc54705287][bookmark: _Toc68692595][bookmark: _Toc170823160]A Little Mind Reading!
To get a handle on the concept of ergonomics systems design . . . get out your crystal ball and try this example. I will attempt to read your minds!
	STEP
	ACTIVITY
	RESULT

	One:
	Choose a number between one and nine.
	

	Two:
	Multiply that number by nine.
	

	Three:
	Add together the digits of the result of Step Two.
	

	Four:
	Subtract five from the result of Step Three.
	

	Five:
	Choose the letter of the alphabet that corresponds to the result of Step Four, e.g., A=1, B=2, C=3, etc.
	

	Six:
	Choose a country that begins with that letter.
	

	Seven:
	Choose an animal that begins with the last letter of that country.
	

	Eight:
	Choose a color that begins with the last letter of the animal.
	


[bookmark: _Toc68692596]Poll – Mind Reading
Did you come up with an Orange Kangaroo from Denmark?
A majority of people generally will! This is an example of a well-designed system; let's discuss why.
[bookmark: _Toc21850757][bookmark: _Toc157837054][bookmark: _Toc225518346][bookmark: _Toc54705288][bookmark: _Toc68692597][bookmark: _Toc170823161][image: ]Systems Design: Principles
The Human Factors Design Handbook defines a system as: 
Mission-oriented grouping of elements into an integrated, functional whole
It includes the facility, equipment, furnishings and fixtures
It involves a variety of people who design, use, operate and maintain it
It must perform a mission or function and must work in an environment
[bookmark: _Toc225518347][bookmark: _Toc54705289][bookmark: _Toc68692598][bookmark: _Toc170823162]Country-Animal-Color
This is a fun thought experiment that often leads people to the same answer: "Orange Kangaroo from Denmark." 
How does it work?
The trick lies in the "rule of nines“. Any number between 1 and 9, when multiplied by nine and then reduced to a single digit by adding the digits together, will always result in 9. Subtract 5, and you get 4, which corresponds to the letter D.
Why Denmark, Kangaroo, and Orange?
The final answer is often influenced by the most common or well-known associations with the letter D. Denmark is a commonly known country starting with D. Kangaroo is often the first animal that comes to mind for the letter K. Orange is a popular and easily recognizable color that starts with the letter O
While other answers are possible, the trick is designed to subtly guide participants toward this specific outcome through the rule of nines and common associations. 
"Orange Kangaroos from Denmark" exemplifies the importance of systems in achieving consistent outcomes. 
A system is a set of principles or procedures according to which something is done. In the context of "Orange Kangaroos from Denmark," it involves a process where specific choices (such as country, animal, and color) are made systematically to yield a particular result.
Ergonomics Perspective 
From an ergonomics perspective, a system is crucial in designing environments and products that enhance human well-being and performance. By adhering to ergonomics principles, we can achieve consistent responses that optimize comfort and efficiency. For instance, ergonomic assessments and interventions follow a structured approach to address specific issues, ensuring reliable and repeatable results.
Design Systems for Consistent Responses
In workstation design, having a system is essential for consistency. A system provides a comprehensive framework of standards, guidelines, and components that streamline the process and ensure uniformity across different projects. 
Manufacturing and Repeatability
In manufacturing, systems are indispensable for achieving repeatable and consistent results. Whether it's in the production of goods or implementation of processes, a systematic approach ensures quality control and efficiency. 
By applying a systematic approach, we can achieve reliable and consistent outcomes, much like the illustrative "Orange Kangaroos from Denmark."
The Human Factors Design Handbook lists a set of general principles of the Systems Design approach. The System:
Is adapted to the human
Facilitates the highest level of performance to which the operator is capable
Optimizes physical and mental stress imposed on the operator
Provides personal satisfaction for the user in terms of use
Functions to serve the human
Recognizes individual variation in human capabilities and limitations
By design influences human behavior either positively or adversely
By definition, it does not exist in isolation
[bookmark: _Hlk19712360]Human Factors Design Handbook, 3rd Edition
Woodson, Tillman and Tillman
McGraw-Hill, Inc., New York, NY, 2016
[bookmark: _Toc170823163][bookmark: _Toc21850758][bookmark: _Toc157837057][bookmark: _Toc225518348][bookmark: _Toc54705290][bookmark: _Toc68692599]Ergonomics Defined:
With this concept in mind here is our definition of ergonomics:
[bookmark: _Hlk69891978]Optimizing all aspects of job performance - safety, quality and productivity - accomplished through the appropriate DESIGN AND USE of work processes, workstations, tools and equipment and the overall organization of work.
[bookmark: _Toc170823164]Systems Design: Foundations
[image: ]The study of systems design encompasses many fields. For our purposes, we will examine several that have direct influence on ergonomics. 
Each of them is a full-fledged discipline. As we introduce the ten ergonomics principles we will discuss:
[bookmark: _Hlk68878629][bookmark: _Hlk56757671]Epidemiology
Work Physiology
Engineering Psychology
Anthropometry
Occupational Biomechanics
[bookmark: _Toc225518343][bookmark: _Toc54705285][bookmark: _Toc68692600][bookmark: _Toc170823165]Why does Ergonomics Work?
But first, here is a question for you, “Why does ergonomics work?” Well, in my experience it works because:
Ergonomics employs strategies to identify and solve problems.
Ergonomics is design based; it addresses the true root cause not just the symptoms.
Ergonomics is cost-effective, it incorporates an incremental approach to the mitigation of identified issues.
These are all valid reasons. I have come to recognize one more crucial element to making sure ergonomics is effective.
[image: bad belt sander on rail]Let me give you an example. Some years ago, I was working with a military installation with a large warehouse. 
Look at the picture, in the background you can make out what is called a Cherry-Picker, essentially a lift used by a Material Handler to place and remove materials stored in the racking system. The Cherry-Picker runs on a mono-rail that is readily seen in the foreground. You also will see a maintenance technician on his hands and knees with a tool in his hands.
As it turns out the tool he is using is a hand-held belt sander. He is performing routine maintenance on the mono-rail. What do you think about the ergonomics of the work set-up? Can you envision any safety and productivity issues? Picture yourself doing the job. 
Everyone who performed this task reported musculoskeletal issues. What body parts do you think were at issue? How about the knees, hips, back, shoulders, arms and hands? In fact, it is easier to list the body parts not affected!
You may be aware an automated system is available that attaches to the Cherry-Picker and performs the maintenance on an on-going basis. You probably also may be aware these systems are not cheap and require a significant capital expenditure. Even when approved, it will take some time to implement.
Process Improvement Team
This facility had what are called Process Improvement Teams that consisted of management, supervision, engineering, facilities, safety and medical personnel. And one more group was represented – the employees.
The Teams had the authority to spend up to $500 on improvements without obtaining additional authorization. 
Looking for an impactful short-term improvement, the Teams immediate objective was to figure out something that could be implemented within a maximum $500 budget and within a two-week time-frame.
Our immediate objective was to figure out something that could be implemented within a maximum $500 budget and within a two-week time-frame.
If you were a member of the Team, what ideas would you contribute?

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

You might have proposed knee pads, a rolling stool to sit on, padded gloves, taking more frequent breaks and perhaps some other ideas.
Recall I noted in my experience, ergonomics works because it: 
Employs strategies to identify and solve problems.
Addresses the true root cause, not just the symptoms.
Incorporates an incremental cost-effective approach.
And then I mentioned one more crucial element to make sure ergonomics is effective. What is that element?
[image: ]Well, working within our criteria of a maximum $500 budget and a two week timeframe, the existing sander was modified by fabricating an adjustable height  handle with a trigger and a roller system so it could be maneuvered on the mono-rail from a standing position. It was called a ‘sander-on-a-stick’..’ Catchy name, huh? Honestly, an incredible difference was noted!
So, what is the last crucial element? Now, whose idea do you think this was? You probably have guessed it already; it came from the people doing the job! They knew the issues and had some sound ideas for improvement. They just needed affirmation and a little assistance.
In my experience the best people to practice ergonomics are the people who actually do the work. As health care professionals, we certainly bring our expertise to the table and when combined with the expertise of the worker and others in the organization, significant improvements are possible.
Who makes the best ergonomists in the world . . . people who actually do the work!
[bookmark: _Toc225518349][bookmark: _Toc54705291][bookmark: _Toc68692602][bookmark: _Toc170823166]Ergonomics Principles and Foundations
Let’s get into the details of the ten Ergonomics Principles and integrate the Ergonomics Foundations. 
Here is a summary of the principles:
1. [bookmark: _Hlk68878846]PROCESS – Promote effective work processes
2. POSITION/SUPPORT – Promote neutral body and limb position/support
3. MOVEMENT – Promote regular physical movement
4. MATERIAL HANDLING – Control manual material handling
5. REACH – Promote work in the reach zone
6. [bookmark: _Hlk159484144]WORKSTATION/TOOLS/EQUIPMENT – Provide correct workstations, tools and equipment 
7. TRAINING – Provide competency-based training
8. ENVIRONMENT – Control exposure to work environment
9. HEALTH/WELLNESS – Promote personal health and wellness
10. FEEDBACK – Provide on-going feedback for continuous improvement
[bookmark: _Toc225518350][bookmark: _Toc54705294][bookmark: _Toc68692604][bookmark: _Toc170823167][bookmark: _Toc508899945][bookmark: _Toc157837077]Promote Effective Work Processes
[bookmark: _Toc54705295][bookmark: _Toc68692605][bookmark: _Toc170823168]Introduction
[image: ]Promoting the effectiveness of the work process is the overarching principle of ergonomics. This ergonomics principle is the ‘hub’ of the ergonomics wheel and the other ergonomics principles are the spokes that allow the wheel to go round. 
The goal is to take a step back and really ask why something is done as it is. If the answer is . . .
“Because it has always been done that way!”
It may have become commonplace! We just don’t pay attention anymore! We can’t see the forest because of the trees.
It may be worth the effort to take a fresh look. Is there a better way to get it done?
[image: ]Here is a personal example. We lived at the same house for about 25 years. I drove home literally thousands of times in those 25 years. To be very honest I recall a time or two after a very busy, tiring day, I pulled into the driveway and had the thought, “Did I stop back there at the stop sign at the intersection to turn onto our street?” 
I truly did not remember. I had done it so many times I was on “mental cruise”..” As far as my mind was concerned, I was home already; I simply had not gotten the rest of me home yet!
What is the big deal? Well, you might be awareaware that a majority of motor vehicle accidents happen close to home. Now part of that is because we do drive more often close to home, but a large reason is also because it has become common place; we simply don’t pay attention anymore!
This same effect has been demonstrated in the workplace. Workers don’t pay attention and bad things can happen. As health and safety professionals, one of the great advantages we bring to the workplace is a fresh set of eyes. We can ask the question, “Why is it being done that way?” We can help to identify better ways to get it done.
[bookmark: _Toc108512949][bookmark: _Toc225518581][bookmark: _Toc54705296][bookmark: _Toc68692607][bookmark: _Toc170823169]Work Process
Recall we defined ergonomics as:
Optimizing all aspects of job performance - safety, quality and productivity - accomplished through the appropriate DESIGN AND USE of work processes, workstations, tools and equipment and the overall organization of work.
[image: ]By optimizing job performance, we have a dramatic impact on the effectiveness of the work. Descriptors  come and go:
Lean Manufacturing
Continuous Process Improvement
Value Stream Mapping
Kaizen Events
Six Sigma
5S+1 and 6S
In one way or another, these types of strategies encompass the goal of promoting effective work processes. This is what ergonomics is all about. Ergonomics is now recognized as an essential component and business tool in organizations across the country and the world. The Promote Effective Work Processes principle really includes all of the ergonomics factors we will discuss and integrates them into the whole picture of a successful workplace. 
[bookmark: _Toc108512950][bookmark: _Toc225518582][bookmark: _Toc54705297][bookmark: _Toc68692608][bookmark: _Toc170823170]Look at the whole picture
[image: ]Looking at the entire picture is an essential part of ergonomics analysis and modification. The goal is to:
Design work to take into account basic predictable human behavior. A little later we’ll address the question of how predictable human behavior really is.
Provide an adequate level of job complexity and challenge.
Involve the worker in the design process.
Implement appropriate hazard controls
[bookmark: _Toc170823171]Hazard Controls – Hierarchy of Optimum Controls
You may be familiar with Hazard Controls – Hierarchy of Optimum Controls. It is a systematic approach used to manage workplace hazards by prioritizing the most effective control measures with the goal of reducing risk to workers. This framework is widely recognized and adopted by organizations such as NIOSH (National Institute for Occupational Safety and Health) and NFPA (National Fire Protection Association) to ensure worker safety. 
The hierarchy can be applied to any workplace hazard. It consists of five levels of action, with elimination being the most effective and personal protective equipment (PPE) being the least effective.
Control methods to the left are preferable to those at the right because they are more effective at reducing risk.
[image: ]
Five Levels of the Hierarchy of Controls
Let’s define the five levels and provide ergonomics related examples.
1. Elimination: Removing the hazard from the workplace entirely.
Ergonomics Example: Replacing manual handling with automated conveyor systems.
2. Substitution: Replacing the hazardous substance or process with a less dangerous option.
Ergonomics Example: Switching out a traditional mouse and keyboard with ergonomically designed alternatives.
3. Engineering Controls: Workstations, tools, equipment and work processes designed to control the hazards.
Ergonomics Example: Installing adjustable workstations for different user heights.
Ergonomics Example: Implementing lifting aids to reduce forceful exertions.
4. Administrative Controls: Changing how or when workers do their jobs to reduce exposure.
Ergonomics Example: Implementing job rotation to reduce repetitive strain.
Ergonomics Example: Introducing frequent stretch breaks for tasks involving repetitive motion.
5. Personal Protective Equipment (PPE): Using equipment to protect workers, which is the least effective control as it does not eliminate the hazard.
Ergonomics Example: Using specially designed gloves to reduce vibration and improve grip.
Ergonomics Example: Providing anti-fatigue matting and supportive footwear for workers who stand for long periods.
From an ergonomics design and implementation perspective, we can and do use all five levels; however, our prime focus is on Elimination, Substitution and Engineering Controls.
[bookmark: _Toc108512951][bookmark: _Toc225518583][bookmark: _Toc54705298][bookmark: _Toc68692609][bookmark: _Toc170823172]Management/Supervision
[image: ]Management and supervision issues are included in the work process component. Without appropriate management of the workplace, ergonomics interventions will not be effective. 
These factors include:
· Leadership and Advocacy
· Effective Communication 
· Effective Training and Education
· Ergonomic Assessments and Interventions
· Creating Ergonomics Workspaces
· Overcoming Challenges: Supervisors as Catalysts for Ergonomics Change
· Monitoring and Evaluation: Supervisors' Strategic Approach to Ergonomics Success
In other words, all of those tangible and intangible factors which make up the “culture” of the organization. Management’s commitment to, involvement in and facilitation of the ergonomics process is critical to its success. 
Significant evidence suggests that a management team who sends the message ‘we care’ has major impact on controlling workplace injuries and illnesses and enhancing productivity and quality.  . 
[bookmark: _Toc108512931][bookmark: _Toc225518449][bookmark: _Toc54705300][bookmark: _Toc68692611][bookmark: _Toc170823173][bookmark: _Toc26614173]Work Force 
[image: CU head Adam]The Work Force, the people performing the jobs, is the critical component. The essence of ergonomics focuses on enhancing the health, safety and productivity of the work force.  . 
[bookmark: _Toc108512932][bookmark: _Toc225518450][bookmark: _Toc54705301][bookmark: _Toc68692612][bookmark: _Toc170823174]Work Force Demographics
When ergonomics is used at the organizational level, it is to develop a description of the individual worker and/or workforce: age, fitness level, training and experience levels, gender breakdown, body stature, hand dominance and so on. 
Ergonomics findings and recommendations can be greatly influenced by these factors. Let’s take a closer look at them.
[bookmark: _Toc225518451][bookmark: _Toc54705302][bookmark: _Toc68692613]Age
[image: ]Physiological changes occur as a matter of aging. For example compare a worker who is 20 years old to the one that is 60 years old:
Strength and flexibility may significantly decrease. 
Aerobic capacity and endurance decreases.
Visual acuity may deteriorate. 
Reflexes and hand-eye coordination may deteriorate.
Changes also take place in psychosocial aspects. With age, work experience associated with work expertise is enhanced.  
Experienced workers bring a valuable factor to the workplace. They have what is sometimes called, ‘Institutional Memory’..’
[bookmark: _Toc225518452][bookmark: _Toc54705303][bookmark: _Toc68692614]Gender
Knowledge of the gender breakdown is often required to implement successful ergonomics interventions.  This is important to know in terms of:
Proper fit and use of work stations, tools, equipment and clothing. For example, small hand size vs. large hand size in relation to tool handle size.
An appropriate match between the physical demands of the job and the functional capacity levels of the worker.
[bookmark: _Toc225518453][bookmark: _Toc54705304][bookmark: _Toc68692615][image: ]Stature and Morphology
Anthropometry - the study of the size and shape of the body plays an important role.  
Assessing the stature and morphology numerical ranges of the workforce is necessary to provide for adequate design and use of the workplace. 
In other words, . . . How tall? How short? How big? How small?
We will discuss anthropometry in greater detail later when we take a look at using anthropometry.


[bookmark: _Toc225518454][bookmark: _Toc54705305][bookmark: _Toc68692616]Hand Dominance
[image: left hand.png]Are any of you left-handed? If so, you are well aware you live in a right-handed world! 
Approximately 90% of the general population is right-hand dominant. As a result, most workstations, tools and equipment are designed and set up to accommodate right hand dominance use. 
This often presents complications for the remaining 10% of the workforce.  A good example is using scissors. If you are left handed, it can be difficult! Of course, there are those lucky few who are ambidextrous! 
Workstation, tool and equipment design should take into account hand dominance factors. As possible the goal is to design tools, equipment and work processes to accommodate both left and right handed individuals. We’ll get into more details in the Manufacturing Ergonomics Track.
[bookmark: _Toc108512933][bookmark: _Toc225518455][bookmark: _Toc54705306][bookmark: _Toc68692617]Fitness level
[bookmark: _Toc225518456][bookmark: _Toc54705307]Job Match
Every athlete recognizes the extreme importance of suitable physical fitness levels to perform at competitive levels. Fitness levels also have significant influence in the business and industrial environment.  
Does the worker or workforce in general demonstrate the physical fitness and functional reserve needed to safely and effectively perform the job demands?
[bookmark: _Toc225518457][bookmark: _Toc54705308]Health and Wellness
While more difficult to measure, general health and wellness of the worker has influence on ergonomics issues. Good health is the essential requisite if the body’s systems are able to repair themselves in response to the everyday stresses of life including work and home activities.
[bookmark: _Toc108512934][bookmark: _Toc225518458][bookmark: _Toc54705309][bookmark: _Toc68692618]Training
Appropriate workstation design is only part of the issue. The very best ergonomics design can be rendered worthless if the worker is poorly trained in its use. Training may be considered to have two primary parts.
[bookmark: _Toc225518459][bookmark: _Toc54705310]Technical
Has the worker been adequately trained and can demonstrate the technical aspects of the work process? In my experience, most workers receive adequate technical training.
Ergonomics
Has the workforce been adequately trained in methods (workstation setup, tool use, breaks, stretching, and warm-up activities, etc.) to work safely and control job fatigue? In my experience, this is where we have opportunities for improvement.
[bookmark: _Toc108512935][bookmark: _Toc225518461][bookmark: _Toc54705312][bookmark: _Toc68692619]Work Experience
[image: tool two handed cookies]An experienced, well-seasoned workforce is a valuable resource. We need to examine the workforce in terms of level and scope of experience.
[bookmark: _Toc225518462][bookmark: _Toc54705313]Level
What is the general work experience level of the workforce or worker? 
Is the level of work experience considered a significant factor in performing the job task?
[bookmark: _Toc225518463][bookmark: _Toc54705314]Scope
What is the scope of experience of the workforce or worker?
Are they cross-trained in other job demands; are they able to deal with emergency situations, etc.? 
Is the scope of experience of the workforce or worker considered a significant issue?
[bookmark: _Toc225518351][bookmark: _Toc54705315][bookmark: _Toc68692620][bookmark: _Toc170823175][bookmark: _Toc157837058]Effective Work Process Metrics 
One of the important components of the ergonomics process is to establish a picture of the present state of affairs. The field of Epidemiology can help us accomplish this. The Centers for Disease Control and Prevention defines Epidemiology.
“Epidemiology is the study (scientific, systematic and data-driven) of the distribution (frequency and pattern) and determinants (causes and risk factors) of health-related states and events (not just diseases) in specified populations and the application of this study to the control of health problems.”
Centers for Disease Control and Prevention
Principles of Epidemiology in Public Health Practice, Third Edition
An Introduction to Applied Epidemiology and Biostatistics

Part of this is an examination of the company's record of injury/illness reports, productivity reports, quality reports, etc.  This information can: 
Establish an injury and illness baseline against which future interventions can be measured
Provide guidance for allocation of resources
Compare a particular company to industry wide statistics
Provide for work force input to enhance communication
Typically, this includes a reactive records review and proactive data collection.
[bookmark: _Toc157837059][bookmark: _Toc225518352][bookmark: _Toc54705316][bookmark: _Toc68692621][bookmark: _Toc170823176]Reactive Records Review
One way to think of a reactive records review is the ‘iceberg’ analogy. Ten percent of the iceberg floats above the surface and is visible; but 90% is lurking below the surface.
[image: ]The 10% above equates to the reactive records review that includes OSHA logs, medical records, productivity records, insurance records and payroll records. This is historical data that is used to calculate incidence and severity rates and other pertinent information. 
Please refer to other resources for a more extensive discussion. In the United States, OSHA (Occupational Safety and Health Administration) and in Canada, the Canadian Centre for Occupational Health and Safety are good resources. 
Other countries will have similar agencies or administrations.
[bookmark: _Toc157837060][bookmark: _Toc225518353][bookmark: _Toc54705317][bookmark: _Toc68692622][bookmark: _Toc170823177][image: ]Proactive Data Collection
Proactive data collection provides a means of evaluating the ninety percent of the ‘iceberg’ still below the surface. Rather than evaluating what has happened in the past, we attempt to glean information from what workers are currently feeling and experiencing. The advantages of doing a proactive data collection and analysis include:
Identification of hazards prior to an incident
Revelation of gaps in the record keeping process
Identification of pre-clinical cases
Indication of the number of workers affected within a particular department to aid in prioritization of resources
[bookmark: _Toc54705318][bookmark: _Toc68692623]Discomfort Survey
[image: ]Use of a Discomfort Survey is one method to directly obtain input from the workforce. We have included one for you to use if you choose to.
The Discomfort Survey may be administered to an individual for whom you are doing a specific ergonomics assessment, or it may be administered to an entire group to gain their overall perspective. 
A few caveats for using surveys like this include:
DO NOT administer a survey to an individual or group without the express authorization of the appropriate company representatives.
If the survey is administered to a group, determine up-front how the information will be collected, disseminated and acted upon.
Group surveys will reveal and publicize issues; if the data is collected and little if any positive actions are taken as a result, the outcome may not be favorable.
The information obtained is subjective in nature. Comments will, of course, be influenced by the respondent’s perception of the job demands.
Survey responses need to be correlated with the more objective findings of the ergonomics analysis. 
Discrepancies between the survey and the analysis results will certainly occur and typically will be minor; if major discrepancies emerge, you will want to work with appropriate company representatives to understand and resolve them.
Surveys can be valuable tools if used appropriately.
[bookmark: _Toc225518354][bookmark: _Toc54705319][bookmark: _Toc68692624][bookmark: _Toc170823178]Designing Effective Work Processes
[bookmark: _Toc101588092][bookmark: _Toc225518355][bookmark: _Toc54705320][bookmark: _Toc68692625][bookmark: _Toc170823179]Population Stereotypes and Predicting Human Behavior
In the context of designing effective work processes, population stereotypes refer to the common tendencies or expectations that people have regarding the way workstations, tools and equipment including controls and displays should operate within a user interface or system. Population  stereotypes have basis in widespread practices or cultural conventions.
Turn Knob Clockwise
For instance, it is a population stereotype that turning a knob clockwise will increase a setting (such as volume or temperature) and turning it counter-clockwise will decrease it. 
Here are some specific examples of how population stereotypes can influence design and consequently work processes:
Volume Control: Most users expect that turning a volume knob clockwise will increase the sound volume, while turning it counter-clockwise will decrease it.
Scroll Direction: In scrolling on digital devices, the expectation is that dragging or swiping up will move the content downwards (reveal content below), and vice versa, a convention solidified by touch-screen technology adoption.
Light Switches: The widespread expectation is that flipping a switch up turns on a light, and down turns it off, based on standard wiring practices in many countries. Unless of course the switch is a three way switch where two switches control the same light.
Door Locks: Turning a key to the right for most locks is commonly expected to lock a door, while turning it to the left is expected to unlock it, following the "tightening" metaphor where right tightens (locks) and left loosens (unlocks).
Vehicle Gear Shift: The pattern "PRNDL" (Park, Reverse, Neutral, Drive, Low) for automatic transmission vehicles is a standard drivers expect, guiding their actions without needing to look.
Hot and Cold Faucets: In many cultures, hot water is expected to come from the left faucet and cold water from the right, aligning with the convention of hot being associated with left in many plumbing systems.
Power Symbols: The circle broken by a line (⭘) for power on/off buttons is a visual stereotype that users globally recognize and understand, indicating where and how to power devices on or off.
Safety Symbols: Color coding in safety signals, where red indicates danger or stop, and green indicates safety or go, guides user responses in emergencies and operational contexts, leveraging universal color associations.
These expectations are crucial for designing intuitive user interfaces and equipment because aligning products with population stereotypes can significantly enhance usability, reduce errors, and improve overall interaction efficiency between humans and systems. Ergonomic designs that consider stereotypes should ensure that products and environments suit the needs and expectations of the broadest user base possible, leading to safer, more comfortable, and more effective human-machine interactions.
Sounds good, doesn’t it! 
Sounds good doesn’t it, and many times it is true. We can use population stereotypes to our advantage in engineering psychology to enhance the design of manufacturing workstations, tools, and equipment by aligning with common user expectations and experiences. 
However, there are situations when relying solely on population stereotypes might not be effective or appropriate. In fact they may actually be detrimental.
Common Sense
[bookmark: _Toc68692626]The practice of ergonomics has sometimes been described as the application of common sense to the situation. ‘Common sense’ is an interesting concept. 
This implies we all have the same ‘sense in common’. To test this, we can apply the concept of Population Stereotypes in the field of Engineering Psychology. Here is an exercise that may shed some light on the validity of the ‘in-common’ common sense hypothesis.
[image: A close-up of a clock

Description automatically generated]Returning to our ‘turn-the-knob’ example, let’s work through this scenario.
To move the arrow indicator to the center of the display how would YOU turn the knob? 
  Clockwise
  Counter-clockwise
Did you answer ‘Counter-clockwise’? You are in good company, about 95% of respondents will answer “Counter-clockwise”. This makes sense to you and them. You turn the knob counter-clockwise and the arrow will move to the left. This is a principle called mapping that we’ll discuss in more detail a little later.
Now, this sounds good, unless you understand the knob is actually controlling a pressure valve. The display represents the pressure in the system (less pressure to the left on the display) and you need to turn the knob clockwise to close the valve and thereby reduce the pressure.
All right, so about 95% predictable! But what about that last 5%. Could bad things happen with even 5% ambiguity? We know this can be true!
Here are some examples where population stereotypes cannot be effectively applied:
Individual Physical Differences: Workstations requiring adjustable components to accommodate a wide range of body sizes and abilities cannot rely on stereotypes.
Cultural Variations: Global user bases may have different conventions and preferences, making a one-size-fits-all approach based on population stereotypes impractical.
Specialized Tasks: Highly specialized manufacturing tasks might require custom tools and equipment designed around specific task requirements rather than general stereotypes.
Dynamic Work Environments: Workstations in environments with changing conditions (e.g., variable temperatures, lighting) may need more adaptable designs beyond what stereotypes can offer.
So, while population stereotypes can provide a starting point for design considerations, they must be balanced with individual user testing and feedback to ensure inclusivity, effectiveness, and safety.
So, while populations stereotypes can positively influence behavior and perceptions in certain contexts, they are not 100% reliable predictors of individual behavior due to the wide range of factors that influence human actions.
Common Sense?
The practice of ergonomics has  sometimes been described as the application of common sense to the situation. I have heard this said, “If people would just apply good common sense, we wouldn’t have these problems!”
This implies we all have the same ‘sense in common’.  But population stereotypes, as we have explored them, indicate that while we do share some common perceptions, we do not all have the same exact same "common sense." Our view of the world is shaped by our individual differences, such as personality, experiences and cultural influences.
Falling back on the, "Well, it is just common sense!" will not provide the consistent and reliable results we are striving to achieve. We need to go beyond just ‘common sense’. Let’s bring Engineering Psychology into the picture to see how we can use the principles of Engineering Psychology in the ergonomics design process to promote effective work processes.
[bookmark: _Toc170823180][bookmark: _Hlk168648886]Introduction to Engineering Psychology
Engineering Psychology, also known as Human Factors Engineering, is a scientific discipline that seeks to enhance human well-being and system performance by designing and evaluating systems that consider human capabilities and limitations.
Engineering Psychology applies principles and methods from psychology, engineering and design to optimize the interaction between humans and machines, systems, and environments. The goal is to create systems that are safe, efficient, and user-friendly.
[bookmark: _Toc170823181]Design Principles in Engineering Psychology
[bookmark: _Hlk168653281][bookmark: _Hlk168653338]Let’s discuss this in a little more detail by exploring some of Donald Norman’s principles of design. Norman is an American researcher, professor, and author. He is the director of The Design Lab at University of California, San Diego. He is best known for his books on design, especially “The Design of Everyday Things”. Norman is widely regarded for his expertise in the fields of design, usability engineering, and cognitive science and has shaped the development of the field of cognitive systems engineering.
These principles provide guidelines for creating user-friendly and intuitive designs. They are rooted in cognitive psychology and emphasize the importance of understanding human behavior and mental processes. Effective design principles as outlined by Norman include:
Discoverability
[bookmark: _Hlk168652346]The Discoverability Principle ensures that users can easily find and understand the functions and options available to them. It emphasizes the importance of making all possible actions and choices visible to the user, reducing the need for guesswork or trial-and-error.
Discoverability is rooted in the human cognitive process of exploration and learning. This principle states that users should be able to easily find what they need in a product or system without having to search for it. This is important because it allows users to complete their tasks quickly and easily, which leads to a more positive user experience.
Discoverability is based on the idea that people are naturally curious and will explore their surroundings to learn how things work. When a product or system is well-designed, users will be able to find the features quickly and easily and functions they need without having to guess or search for them.
Discoverability is important for several reasons. First, it helps users to complete their tasks quickly and easily. When users can easily find what they need, they are more likely to be productive and efficient. Second, discoverability reduces frustration and errors. When users are unable to find what they need, they may become frustrated and make mistakes. Third, discoverability enhances the overall user experience. When users can easily find what they need, they are more likely to have a positive experience with the product or system.
Make it visually apparent what the control on a piece of equipment does. The input should be reflected in a tangible output. 
[bookmark: _Hlk168653456]Application Examples
Office Ergonomics:
· Graphical interfaces that mimic physical desk setups
· Software tools that use familiar metaphors, like "folders" for organizing files
Manufacturing Ergonomics:
· Equipment controls designed to mimic their function (e.g., a dial that rotates correlates with circular motion in the machine)
· Sequential operation guides that visually map out process steps
[bookmark: _Toc225518360][bookmark: _Toc54705327][bookmark: _Toc68692633][image: A white cartoon character leaning on a cell phone

Description automatically generated]Other Examples:
· Clear labeling on physical product controls
· Effective navigation menus on websites
· Underlined text indicating a clickable hyperlink
· Icons indicating interactive elements like settings or search
Feedback
The Feedback Principle ensures that users receive immediate and clear responses to their actions, informing them about the outcome of their actions and helping them learn from any mistakes. Without adequate feedback, how do you really know you have correctly programmed your alarm clock? Or entered the correct number in your cell phone? 
Feedback can be visual, auditory, or haptic and it plays a crucial role in error prevention and correction.
This helps them understand whether their actions were successful and what impact they had. Feedback can be provided in various forms, such as:
Visual cues: Displaying messages or icons to indicate the status of an action.
Auditory feedback: Using sounds to indicate successful or unsuccessful actions.
Haptic feedback: Providing physical sensations, such as vibrations or resistance, to convey information about an action.
Effective feedback is crucial for learning and error prevention. 
[image: A blue alarm clock with bells

Description automatically generated]Application Examples
Office Ergonomics:
· Confirmation sounds from a computer when an action is completed
· Visual indicators on copiers showing paper jams
Manufacturing Ergonomics:
· Audible alarms for system errors
· Vibration feedback when a tool is locked in place
Other Examples:
· Error messages and suggested corrections in software applications
· Physical cues, such as a click when a button is pressed
· Progress bars indicating the status of a process
Affordance
The Affordance Principle suggests that the inherent properties of an object should indicate how it can be used, helping users understand its functionality without explicit instructions. This principle capitalizes on human perception and cognition, allowing users to intuitively interact with products and systems. Affordances are physical or perceptual cues that suggest how an object can be used or manipulated. They are crucial for designing user-friendly and intuitive interfaces and products.
Affordances can be classified into two types:
Physical affordances
These are directly perceivable properties of an object, such as its shape, size, and texture. For example, a doorknob affords grasping and turning, while a button affords pressing.
Perceptual affordances
These are non-physical cues that convey information about an object's possible actions. For example, the color red affords danger or urgency, while the symbol of a magnifying glass affords searching.
Future expectations
[bookmark: _Toc225518358][bookmark: _Toc54705325][bookmark: _Toc68692631][bookmark: _Hlk168653809][image: The interior of a car

Description automatically generated]Accurate information processing is also predicated on future expectations based on previous experiences.
For instance, it does absolutely no good to pound on the center of the steering wheel of a 1983 Ford LTD station wagon to warn the driver of the car that is about to back into you. Depressing the turn signal stalk activates the horn, NOT pushing on the center of the steering wheel. I know this from personal experience!
Application Examples
Office Ergonomics:
· Ergonomic keyboards designed to reduce wrist strain
· Doors with push bars that indicate they should be pushed open
Manufacturing Ergonomics:
· Handles on tools that suggest how to hold them
· Foot pedals that afford pressing down for operation
Other Examples:
· Light switches that can be toggled up or down
· Round knobs that suggest turning
· Chairs with armrests that invite sitting
Mapping
The Mapping Principle establishes a clear and intuitive relationship between controls and their effects, ensuring users can understand how to operate a system and anticipate the outcome of their actions. This principle aligns with human spatial cognition, allowing users to make accurate predictions about the system's behavior.
Effective mapping in design allows users to:
Quickly and intuitively understand how to use a system: Clear mapping reduces cognitive load by aligning controls with their effects, making it easy for users to navigate and operate systems.
Minimize errors: By ensuring that controls are positioned and labeled in a logical way, mapping helps prevent users from making mistakes or performing unintended actions.
Increase efficiency: Intuitive mapping enables users to perform tasks faster and more efficiently by reducing the time spent deciphering controls and their effects.
Application Examples
Office Ergonomics:
· Keyboards with clearly labeled keys
· Control panels with buttons arranged in a logical order
Manufacturing Ergonomics:
· Machine controls positioned to match the sequence of operations
· Diagrams on equipment that illustrate the relationship between controls and functions
Other Examples:
· To steer a car to the right, turn the wheel to the right. 
· An indicator moving up typically means an increase in whatever.
· An indicator moving from left to right means an increase in whatever.
· Pushing a light switch up to turn on the light. (Is this always true?) How about three way light switches?
Ever been in someone’s kitchen and turned on the wrong stove burner? The relationship between the actual burner location and the control knobs wasn’t properly mapped. 
Be honest now, ever happen with your own stove?
[bookmark: _Toc225518357][bookmark: _Toc54705322][bookmark: _Toc68692630]Information Underload/Underload
Overload
As technologies become more complex, systems may overload human information processing capabilities. 
For a personal example, a typical telephone number with the area code is 10 digits long; too long for most people to remember it long enough to dial it. 
As homes become more automated with smart devices controlling various functions, individuals may experience information overload when managing multiple apps and voice commands to control lighting, heating, security, and entertainment systems simultaneously.
Advanced manufacturing systems generate large amounts of real-time data on machine performance, production rates, and quality metrics. Operators may struggle to process this information effectively, leading to delayed responses to equipment issues or quality deviations.
Underload
Can a job be too boring?  
A job that lacks reasonable challenge results in problems. 
When employees are assigned tasks that are too simple or lack complexity, they may not be intellectually stimulated, leading to boredom and disengagement. This can result in decreased motivation and productivity.
In both office and manufacturing settings, underload can lead to slower task performance as employees may lack the necessary stimulation and challenge to maintain optimal levels of focus and efficiency
When employees experience underload, they may become disengaged from their work, leading to decreased attention to detail and a higher likelihood of making mistakes. This can negatively impact the quality of work and overall productivity
Workers are not challenged to stay on task and minds tend to drift with potentially very serious consequences.
People who make up the workforce will have different levels of information processing capabilities. We need to work to understand the worker’s perspective in terms of information overload and underload. Design systems to take into account information human processing capabilities and limitations. 
Constraints
The Constraint Principle limits the possible actions that users can perform, preventing errors and guiding them towards the desired behavior. By constraining the range of possible actions, designers can reduce the risk of user mistakes and improve system safety and efficiency.
Implementing constraints in design helps to:
Minimize errors: By limiting the range of possible actions, constraints prevent users from making mistakes or performing unintended operations.
Simplify decision-making: Constraints reduce cognitive load by eliminating unnecessary choices and presenting users with clear and focused options.
Enhance safety: In hazardous environments or situations, constraints can prevent dangerous or incorrect actions, ensuring user safety.
Improve usability: By limiting the complexity of interactions, constraints make systems more user-friendly and accessible.
Application Examples
Office Ergonomics:
· Software that restricts file formats for uploads
· Adjustable chairs with range limiters
Manufacturing Ergonomics:
· Mechanical stops on machinery to prevent overextension
· Software that prevents machine operation outside of safe parameters
Other Examples:
· Safety guards on machines to prevent access to hazardous areas
· Keyboard shortcuts that limit the functions that can be performed in certain modes
· Traffic lights that restrict the flow of vehicles in different directions
Consistency
The Consistency Principle ensures uniformity across different parts of a system, making it easier for users to learn and use. By maintaining consistency in design elements, navigation structures, and terminology, designers can reduce cognitive load and improve user efficiency.
Implementing consistency in design helps to:
Reduce learning time: Consistency allows users to transfer knowledge and skills from one part of a system to another, reducing the time required to learn and adapt to new features or products.
Improve usability: By maintaining a consistent design language, users can easily navigate and interact with different parts of a system without confusion or disorientation.
Enhance user satisfaction: Consistency creates a sense of familiarity and predictability for users, making their interactions more enjoyable and satisfying.
Minimize errors: Reducing inconsistencies minimizes the likelihood of users making mistakes due to unexpected or confusing changes in design or behavior.
Application Examples
Office Ergonomics:
· Consistent use of icons and color coding in software applications
· Standardized templates for documents and presentations
Manufacturing Ergonomics:
· Uniform labeling and controls on equipment
· Consistent safety protocols across different workstations
Other Examples:
· Using the same format for dates and times throughout a website
· Maintaining a consistent visual style across all marketing materials
· Ensuring that different software programs have similar user interfaces
Simplicity
The Simplicity Principle aims to reduce unnecessary complexity and clutter from designs, making them easier to understand and use. By prioritizing essential information and functions, removing unnecessary elements, and streamlining user flows, designers can enhance usability and make systems more accessible to a wider range of users.
Think of the KISS principle. Depending on how you might have heard of it, the acronym either is Keep It Short and Simple or the more colloquial Keep It Simple Stupid. You pick the one you like the best!
Implementing simplicity in design helps to:
Improve clarity: Simplicity eliminates distractions and unnecessary information, making it easier for users to understand the purpose and functionality of a system or product.
Enhance usability: By removing unnecessary complexity, users can more easily navigate and interact with a system without feeling overwhelmed or confused.
Increase accessibility: Simplicity makes designs more accessible to users with varying levels of experience and cognitive abilities, ensuring a more inclusive user experience.
Reduce errors: Removing unnecessary complexity helps prevent confusion and errors, leading to more efficient and safer interactions.
Application Examples
Office Ergonomics:
· Simplifying software interfaces by removing unnecessary features
· Using clear and concise language in documentation
Manufacturing Ergonomics:
· Designing equipment with intuitive controls and displays
· Streamlining assembly processes by minimizing the number of steps
Other Examples:
· Using a minimalist design approach in website design
· Creating user interfaces that are uncluttered and easy to navigate
· Providing concise and easy-to-understand instructions for products and services
[bookmark: _Toc225518363][bookmark: _Toc54705330][bookmark: _Toc68692636][bookmark: _Toc170823182][bookmark: _Hlk168651904]Effective Work Process Design Principles – Synopsis
Here is a synopsis of the effective work process design conventions and principles.
Discoverability: Make it easy for users to find and understand the functions of a system.
Feedback: Provide immediate and clear information about the results of user actions.
Affordance: Design objects to indicate their function and how they should be used.
Mapping: Ensure that the relationship between controls and their effects is clear and logical.
Overload/Underload: Design systems to take into account information human processing capabilities and limitations.
Constraints: Limit the range of possible actions to reduce the risk of errors.
Consistency: Use similar design elements and interactions throughout a system to enhance learnability.
Simplicity: Minimize complexity to make systems easier to understand and use.
[bookmark: _Toc225518366][bookmark: _Toc54705333][bookmark: _Toc68692639][bookmark: _Toc170823183]Work Process Design Checklist
Check out the Manufacturing Track for the Work Process Design Checklist.
[bookmark: _Toc162515365][bookmark: _Toc170823184]Oil Shaft Plugs – Case Study
The engineering supervisor requested an ergonomics assessment of Oil Shaft Plugs installation and removal. The assessment revealed a number of issues. The first was the repetitive hand activity to insert the plugs. The plugs were tightened by hand and no specific torque was required.
For a batch of 20 assemblies, there are 2 plugs per assembly, and about 5 turns of the hand per plug are needed to seat the plug: this amounts to about 200 hand turns.
Removal of the plugs was the second issue. The plugs were difficult to remove by hand due to foreign material and thread wear. Once removed, the plugs were tossed into bins located on wall behind the deburring station.
[bookmark: _Toc162515366][bookmark: _Toc170823185]Oil Shaft Plugs – Recommendation Options
Working in collaboration with the engineering supervisor three options for inserting and removing the plugs were proposed for improvement.
[bookmark: _Toc162515367]Option One
For the first option, plugs were mocked up with a slot cut on the face of the plug. This allowed the use of a speed wrench for insertion and removal.
[bookmark: _Toc162515368]Option Two
Option two was a battery powered, clutched driver set at an appropriate torque to achieve finger-tight (probably a few inch/pounds).
[bookmark: _Toc162515369]Option Three
For option three, a friction fit socket was fabricated to fit over the plug and used with the driver for insertion and removal.
[bookmark: _Toc162515370]Oil Shaft Plugs – Additional Recommendations
An additional recommendation included relocating the bins to the location where they were actually removed rather than the bins used at the deburring workstation. This would eliminate or greatly reduce foreign material in the bins and consequent fouling of the plugs. 
A final recommendation was to clean the bins on regular basis and routinely use the available  ultrasonic system to clean the plugs. This also allowed examination of the plugs on a regular basis to  remove from service any plugs that are no longer functional.
[bookmark: _Toc162515371][bookmark: _Toc170823186]Oil Shaft Plugs – Follow-up
In follow-up with the Group Lead to obtain his feedback, he noted the biggest improvement came from regular and routine cleaning of the plugs. He noted with clean plugs they were very easy to screw on and off and they didn’t need to use the socket and the driver. 
He also identified any plugs with thread issues and he chased the threads to see if they could be restored and if not, they were discarded. Bottom line: no question that Preventive Maintenance is a “Big Deal!”

[bookmark: _Toc54705334][bookmark: _Toc225518367][bookmark: _Toc68692640]

[bookmark: _Toc170823187]Promote Neutral Position and Support
Position and support of the body and limbs in the neutral position is the next ergonomics principle.
[bookmark: _Toc225518368][bookmark: _Toc54705335][bookmark: _Toc68692641][bookmark: _Toc170823188]Neutral Position
One way to think about the neutral position is to consider what really is the foundation of the body?
Is it the feet? Consider if a person sprains an ankle . . . by using a pair of crutches they can still get around. 
[image: ]On the other hand, what if a person “sprains” their back? You know someone who's been in this condition – they have a significant problem even getting out of bed to get to the bathroom.
The foundation or core of the body truly is the spine and pelvis. This directly relates to the position of the body in general and to posture in specific. With the spine and pelvis in a good position, good use of the legs and arms is possible. 
[bookmark: _Toc157837078][bookmark: _Toc225518369][bookmark: _Toc54705336][bookmark: _Toc68692642][bookmark: _Toc170823189]Spine neutral position
[image: Spinal_column]What is the neutral spine position?
Viewed from the side, a neutral spine is in an S-shape:  inward curves in the low back and neck, outward curve in the midback.
The advantage is that the spring-like shape is able to better deal with compression and shear stresses in the spine. 


[bookmark: _Toc170823190]Neutral Spine Posture/Function Demonstration
You can try out a demonstration for yourself to get a sense of the functionality of the neutral position.
[bookmark: _Toc170823191]Slumped Position
First, stand up with your arms at your sides. From this standing position let your body slump. Your head will come forward, your shoulders will round, your spine will go from the S-Shape curve to a C-Shape. You will be slumped. So, this is the opposite of the neutral position. And what is the big deal? What is the relationship between function and posture?
[bookmark: _Toc170823192]Forward Reach
From this slumped posture reach your hands out in front of you as if you were working at a workbench at some distance from your body. You just got a signal from your body. Was is a good signal or a bad one. You felt more stress into your arms, shoulders and particularly in your back!
[bookmark: _Toc170823193]Deep Breath
Still slumped, return your hands to your sides. From this slumped position take as deep a breath as you can. What did you find out? It was tough wasn’t it. You couldn’t get your rib cage to expand to create the negative pressure in your thorax to get a real deep breath. Let me ask you an obvious question and feel free to give me the obvious answer. “How important is breathing?” 
Pretty important is the obvious answer. Now, it is true working from a slumped position won’t stop you from breathing, but pulmonary studies have shown a 20 to 25% decrease in pulmonary function when comparing slumped to neutral posture.
[bookmark: _Toc170823194]Arms Overhead
Ok, one more example. Still in your slumped position, reach your hands as far as you can overhead. You definitely feel the decrease in range of motion of your shoulders. Next, relax your arms to your sides.
[bookmark: _Toc170823195]Puppet on a String!
What is the neutral position? Well, from your slumped position reach your hand to the top of your head and image you are a puppet on a string and the puppeteer is pulling straight-up from the top of your head. Assume the position as if you were hanging from the very top of your head. This is the upright neutral position. Your head is balanced over your shoulders, over your low back, over your hips, knees and ankles. 
From this neutral position repeat the three demonstrations.
Reach your hands forward. You feel less stress, don’t you!
Take a deep breath. You can actually get one now!
Reach as far as you can overhead. Quite impressive!
[bookmark: _Toc170823196]Significant Benefit
You have just shown yourself the significant, functional benefits of promoting the neutral spine position.
Decreased biomechanical stress 
Increased respiratory function
Improved range of motion
Neutral position is a big deal in ergonomics!
Limb Joint Neutral Position
[bookmark: _Hlk57120305]What is neutral for the joints of the arms and hands, the hips, knees and ankles?
Neutral is the midrange of joint position. For the arms/hands this is with the shoulders relaxed, elbows at the sides flexed to about 90 degrees and the hands positioned with the thumbs pointing up.
Let’s establish a more in-depth look at neutral and midrange of joint position.
[bookmark: _Toc68692644][bookmark: _Toc170823198]Occupational Biomechanics Basis for Neutral Position
[bookmark: _Hlk69195666][image: ]One of the building blocks of Ergonomics is Occupational Biomechanics.
“Biomechanics is the study of the physical structure of living organisms. As related to workplace ergonomics, the human body is viewed as a system of levers. At the simplest level, by knowing the weight of a held object and the distance from a joint, the load on that joint can easily be calculated.”
Dan MacLeod
Ergoweb Learning Center
https://ergoweb.com/biomechanics/

A significant amount of research has been accomplished over the past 40 to 50 years that addresses the loads on the body’s joints. 
[bookmark: _Toc68692645][bookmark: _Hlk69196928]Spine
Specific to the spine, the combination of two adjacent vertebra, the intervertebral disc, facet joints and the associated ligaments make up the functional spine unit. 
[bookmark: _Hlk69129654][image: ]In the 1970’s, what have now become classic research studies in the investigation of postural influences on in- vitro lumbar intervertebral disc pressures, were conducted by Alf Nachemson, MD, PhD and colleagues. Results revealed increased discal pressures in out-of-neutral spine configurations.
With in-vitro lumbar intervertebral disc pressures normalized to 100% when in a neutral upright standing position, pressures in various postures were measured. 
For example, a straight-leg/back-bent posture of 300 forward bend resulted in about 225% increase, seated slumped posture to about a 200% increase and lifting  a 30 lb. box from a 300 flexed forward posture of the low back position of almost a 500% increase!
	Disc Pressure Measurements
Nachemson, AL
Spine, 31 Dec 1980, 6(1):93-97

	New In Vivo Measurements of Pressures in the Intervertebral Disc in Daily Life
Hans–Joachim Wilke, PhD,* Peter Neef, MD,† Marco Caimi, MD,‡ Thomas Hoogland, MD,§ and Lutz E. Claes, PhD*
Spine, Volume 24, Number 8, pp 755–762
©1999, Lippincott Williams & Wilkins, Inc.


[bookmark: _Toc68692646][bookmark: _Toc170823199][image: ]Limbs
We have defined neutral position for the shoulders, arms, wrists and hands and the hips, knees and ankles as the midrange of joint position. From a functional perspective consider the elbow joint in terms of flexion and extension. 
Question – At what angle of flexion is the elbow most functional? In other words, able to generate the greatest muscular force? 
Answer – Fully flexed or fully extended? 
Based on strength testing, the answer is about at about 90 degrees of flexion. 
A fundamental functional property of skeletal muscle is the length tension relationship defined as the relationship between muscle length and the force the muscle can produce at that length. 
A bit into the weeds here. From a physiological perspective it has to do with the overlap of the contractile proteins (actin and myosin). As a joint is flexed or extended through its range, the overlap of the actin and myosin contractile proteins changes. 
This affects the potential for the development of cross-bridges and muscle force production. At about resting length (midrange of joint position) the highest muscle force production is observed.
[image: ]
https://getbacktosport.com/latest-news/strength-and-conditioning-for-rehabillitation/
[bookmark: _Toc68692647][bookmark: _Toc170823200]15 % Neutral Position Club
Realistically speaking can a person really position themselves 100% of the time in neutral positions?
Of course, the answer is NO!
But how about 15% more time? In many situations, it is very feasible to significantly improve the situation to increase neutral position and support by about 15%. 
15% more time in neutral with good support can significantly decrease the level of stress into the body's tissues, enhance performance and increase comfort levels. We encourage membership in the 15% Club!
[bookmark: _Toc225518371][bookmark: _Toc54705338][bookmark: _Toc68692648][bookmark: _Toc170823201][bookmark: _Toc157837086][image: index]Support for Body Weight and Limbs in the Neutral Position
[bookmark: _Toc225518372][bookmark: _Toc54705339][bookmark: _Toc68692649][bookmark: _Toc170823202]Seated 
With the body and limbs positioned in neutral, the second part of the principle is to provide suitable support for the weight of the body and limbs. 
Inadequate and improper seated support creates problems. People sit on their legs on the chair. They cross their legs for extended times. Compression of the soft tissues occurs with a decrease in blood flow and circulation. 
Proper seated support is critical. In fact, even well supported seated posture becomes uncomfortable quite quickly. 
[image: WS 5-11 arm rest]How long do you sit in one position before your body gives you a signal to move? 
Answer. Studies have shown about 20 to 30 minutes!
[bookmark: _Toc157837087][bookmark: _Toc225518373][bookmark: _Toc54705340][bookmark: _Toc68692650][bookmark: _Toc170823203]LimbsSlide 50

Proper support for the limbs (for example, chair armrests) removes the strain of weight bearing and also unloads the neck, shoulders and back. 
Hold your arms half way out in front of you. How long can you do it before you experience discomfort and fatigue?
[bookmark: _Toc157837088][bookmark: _Toc225518374][bookmark: _Toc54705341][bookmark: _Toc68692651][bookmark: _Toc170823204]Standing
[image: ]Unsupported standing for extended periods is not desired. 
Joint compression occurs, actually decreasing the amount of joint space and not allowing adequate joint lubrication. Fluid tends to pool in the lower extremities. 
The bottom line . . . it is tiring! 
In fact, as individuals, we try very hard to eliminate sustained unsupported standing. Look at people standing in a line. What do you see them do to obtain relief? They look for something to lean against. 
[bookmark: _Toc170823205]Bottom Line
The goal is to have the body in a neutral posture as much as possible as a rest and start of task position. Evaluate jobs or activities that tend to force the worker out of neutral positions and/or result in awkward or sustained positions. 
The Neutral Position and Support Ergonomics Principle is a large part of the ergonomics analysis and intervention process. 
We build on this paramount principle in both the Manufacturing Ergonomics and Office Ergonomics Tracks of ERGONOMICS ON-DEMAND!
[bookmark: _Toc157837080][bookmark: _Toc225518375][bookmark: _Toc54705342][bookmark: _Toc68692652][bookmark: _Toc170823206][bookmark: _Toc508899946]Promote Dynamic Physical Movement
Promotion of Dynamic Physical Movement in the workplace on an on-going basis is the next ergonomics principle. Let’s explore why this is such an important concept in ergonomics.
[bookmark: _Toc157837081][bookmark: _Toc225518376][bookmark: _Toc54705343][bookmark: _Toc68692653][bookmark: _Toc170823207]Stand or Walk?
[image: hikers]Most people have carried a backpack at some point. Picture this scenario – you are with a group of friends going for a hike; your backpack weighs 30 lbs. (13.6 kg) and you have put it on your shoulders. 
What would you rather do: stand in one place for the next 10 minutes OR take that same backpack and start to walk?
Everyone agrees that it is much better to walk – not just stand.  I have never had a single person say, “I would love to just stand around for 15 minutes with a 30 lb. (13.6 kg) pack!”
We intuitively know that movement is superior to maintaining one position. In other words, we need to move to be comfortable.
That is what this ergonomics principle is all about and there are sound physiological reasons why this is the case.
[bookmark: _Toc170823208]Rationale
The principle of promoting dynamic physical movement in ergonomics is grounded in an understanding that human physical performance is optimized when postures and movements are varied and dynamic. This approach contrasts with static work positions, which can contribute to muscle fatigue, discomfort, and long-term musculoskeletal disorders. 
Dynamic movement encourages changes in posture and activity level, thus reducing the risk of these issues. Let’s explore the basics of Work Physiology.
[bookmark: _Toc170823209][bookmark: _Toc157837082][bookmark: _Toc225518377][bookmark: _Toc54705344][bookmark: _Toc68692654]Work Physiology
Work physiology encompasses the study of how the body's physiological processes support, adapt to, and recover from physical work. Within the overall context of metabolism, Work Physiology  integrates knowledge of energy systems, muscle function, cardiovascular and respiratory adaptations and thermoregulation to understand and improve human performance and health.
[bookmark: _Toc170823210]Metabolism 
It all starts with metabolism. Metabolism encompasses the complex network of chemical reactions within the body's cells that convert food into energy, support life and facilitate bodily functions. This process is crucial for energy production, as it breaks down nutrients from food, such as carbohydrates, fats, and proteins, into usable energy forms. 
This energy is essential for various bodily functions, including muscle contraction, respiration, blood circulation, food digestion, cell growth and repair, managing hormone levels and regulating the body's temperature.
The body relies on various energy systems to supply ATP for muscle contraction, including the phosphagen system, glycolysis, and oxidative phosphorylation. These systems are activated depending on the intensity and duration of the activity. Muscle function during work involves the coordination of muscle fibers' contraction and relaxation, powered by ATP. Glucose and oxygen are stored in relatively small amounts within the muscle tissue. Consequently, to sustain performance, continuous flow of oxygen and energy-rich blood into the muscle tissue in addition to removal of metabolic waste products is required. 
Physical work triggers cardiovascular responses, including increased heart rate and blood flow, to deliver oxygen and nutrients to working muscles and remove metabolic byproducts to promote physical activity.
Work physiology also encompasses respiratory adaptations, which increase oxygen uptake and carbon dioxide removal during physical exertion to meet the metabolic demands of muscle tissue.
Finally, the body’s ability to regulate temperature is crucial during work, with mechanisms such as sweating and increased blood flow to the skin helping to dissipate heat generated by muscle activity.
Let’s take a closer look at muscle function and type of muscular function.
[bookmark: _Toc157837083][bookmark: _Toc225518378][bookmark: _Toc54705345][bookmark: _Toc68692655][bookmark: _Toc170823211]Static Muscle Contraction
[bookmark: _Toc157837084][bookmark: _Toc225518379][bookmark: _Toc54705346][bookmark: _Toc68692656]The type of muscular effort has been shown to have a profound impact on blood flow. 
Isometric muscle contractions (the muscle shortens but no joint movement occurs) result in blood vessel compression due to internal muscle pressure.  
High-intensity muscle contractions can significantly reduce blood flow to the contracting muscle due to mechanical compression of blood vessels. The complete cessation of blood flow can occur and, at what point of Maximum Voluntary Isometric Contraction varies, depending on the individual.
Blood flow reduction is nuanced and can depend on various physiological and mechanical factors such as contraction intensity, duration, and muscle group involved.
The muscle depends on the quite limited initial reserves stored internally. Waste products accumulate and only short duration isometric contractions are possible.
[bookmark: _Toc170823212][image: muscle2]Dynamic Muscle Contraction
Dynamic muscle contractions, which involve muscle shortening (concentric) and lengthening (eccentric) under tension, play a significant role in work physiology and enhancing workplace efficiency. Unlike static (isometric) contractions, which can lead to quicker muscle fatigue, dynamic muscular contractions contribute to improved endurance, strength, and overall work performance.
Dynamic muscle activity promotes blood and fluid flow by acting as a pump to increase oxygen and nutrition to the working muscles and helps to remove metabolic byproducts such as carbon dioxide and lactate. 
The concept of the muscle pump theorizes that muscle contractions help to empty venous circulation, effectively reducing venous pressure and facilitating the return of blood to the heart. This mechanism enhances overall circulation, promoting the delivery of oxygen and nutrients while aiding in the removal of metabolic waste. Therefore, workers engaged in tasks requiring dynamic muscle actions may experience less fatigue, allowing for sustained performance over longer periods.
Moreover, dynamic activities encourage the use of the body's natural mechanics, such as leveraging the elastic properties of muscles and tendons, which can enhance work output without increasing the perceived effort.
In summary, dynamic muscle contractions offer numerous advantages in the context of work physiology, contributing to less muscle fatigue, improved physiological responses, and enhanced overall workplace efficiency. Adopting work practices that favor dynamic over static muscle work can lead to healthier, more productive work environments.
[bookmark: _Toc225518380][bookmark: _Toc54705347][bookmark: _Toc68692657][bookmark: _Toc170823213]Position – Awkward/Sustained
Awkward body positions can lead to muscular contractions that are necessary to maintain those positions and potentially decrease blood flow due to mechanical compression (internal impingement) or pressure from external objects (external contact stress). This reduced circulation can result in the pooling of fluids in the extremities and decreased efficiency in the removal of metabolic byproducts, leading to fatigue. 
Metabolic fatigue also occurs as the result of sustained position. Blood flow – both volume and rate of flow – decreases. Pooling of fluid in the extremities occurs. The body’s tissues require ongoing nutrition even at low or minimal activity levels. The position of the body when sedentary has impact. 
[bookmark: _Toc225518381][bookmark: _Toc54705348][bookmark: _Toc68692658][bookmark: _Toc170823214]Metabolic/Work Physiology Synopsis
A summary of metabolic and work physiology principles includes.
[bookmark: _Toc225518382][bookmark: _Toc54705349][bookmark: _Toc68692659][bookmark: _Toc170823215][bookmark: _Hlk72396968]Movement/activity
Promote dynamic not static muscle contractions
Build-in adequate physical recovery times
Incorporate movement into the work process
[bookmark: _Toc225518383][bookmark: _Toc54705350][bookmark: _Toc68692660][bookmark: _Toc170823216]Position and support
Design for neutral positions
Design for body/limb support at workstations
In the other ERGONOMICS ON-DEMAND! Tracks we will get into the details of how the set-up and use of workstations, tools and equipment whether in the office or manufacturing work environments are influenced by work physiology.


[bookmark: _Toc225518396][bookmark: _Toc54705351][bookmark: _Toc68692661][bookmark: _Toc170823217][bookmark: _Toc508899948][bookmark: _Toc157837089][bookmark: _Toc225518384]Control Manual Material Handling
[bookmark: _Toc225518397][bookmark: _Toc54705352][bookmark: _Toc68692662][bookmark: _Toc170823218][bookmark: _Toc157837073]How Much Can a Person Lift? 
The next ergonomics principle asks the question,
 “How much can a person safely and effectively lift?”
Why is this of concern? Lifting objects or manually handling materials has been shown to put workers at risk for back injuries. According to Injury Facts, an online database created by the National Safety Council, the leading cause of Days Away from Work, Job Restriction, or Transfer (DART) cases in 2021-2022 was overexertion and bodily reaction with the back being the most frequent part of the body hurt.
 https://injuryfacts.nsc.org/work/work-overview/top-work-related-injury-causes/
What are the factors involving manual handling that need to be considered? What can be done to control manual material handling? These questions have been studied extensively over the past 40 to 50 years in the scientific and ergonomics community. 
[bookmark: _Toc98753885][bookmark: _Toc54705353][bookmark: _Toc68692663][bookmark: _Toc170823219]Occupational Biomechanics
As one of the foundations of ergonomics, Occupational Biomechanics can help us answer some of these questions about safe and effective lifting. 
[bookmark: _Toc170823220]All about lever arms
[image: ][image: ]A simple example of lever arms in action is to compare the load on the body when holding a 10 lb. load at arm’s length versus held as close as possible to the body. 
Everyone has done something like this and immediately recognizes you want to hold the load as close as possible to you to lessen the load! 
[bookmark: _Toc225518398][bookmark: _Toc54705359][bookmark: _Toc68692665]We intuitively know the goal is to reduce the lever arm length to reduce the stress into the body. Increase lever arm length
[image: ]In ergonomics sometimes we want the opposite, we want to increase the lever arm length. We want to use leverage to our advantage.
This is how the small kid on the teeter totter can ‘outweigh’, so to speak, the larger kid on the playground.
[image: ]Famously, Archimedes said, 
“Give me a lever long enough and a fulcrum on which to place it, and I shall move the world.”
We’ll discuss application details in the Ergonomics Manufacturing Track. For now, let’s focus on manual material handling.
[bookmark: _Toc68692664][bookmark: _Toc170823221]Lifting Factors and Lifting Calculators
If we were going to come up with a mathematical formula to predict how much a person can safely lift what factors would need to go into our equation? 
Well not surprisingly, lifting formulas have been in existence for several decades. NIOSH (National Institute for Occupational Safety and Health) first published the NIOSH Work Practices Guide for Manual Lifting in 1981. 
[bookmark: _Hlk57187789]Check out the Guide at: https://www.cdc.gov/niosh/docs/2007-131/default.html.
The States of Washington and Oregon  Departments of Labor and Industries developed a simplified version of the NIOSH Work Practices Guide for Manual Lifting. 
[bookmark: _Toc225518399][bookmark: _Toc54705361][bookmark: _Toc68692674][bookmark: _Toc98753886][bookmark: _Toc54705354]We’ll get into the details of lifting calculators with application examples in the Manual Material Handling Module in the Manufacturing Ergonomics Track. Also take a look at the Manual Material Handling Checklist as needed for the general ergonomics analysis process.


[bookmark: _Toc54705362][bookmark: _Toc68692677][bookmark: _Toc170823222]Promote Work in Reach Zone 
[bookmark: _Toc225518385][bookmark: _Toc54705363][bookmark: _Toc68692678][bookmark: _Toc170823223]Hand Use
[bookmark: _Toc225518386][bookmark: _Toc54705364][bookmark: _Toc68692679]Here is a question for you. “How much do we use our hands every day?”
More than half the day? How about more than 75% of the day? Well in fact, most people will say they use their hands 99.9% of the day!
[bookmark: _Toc225518387][bookmark: _Toc54705365][bookmark: _Toc68692680]All right then, where do we tend to use our hands? For example, does anybody work behind their back? Pretty hard to see what you're doing! Because in most cases we need to see what we are doing, we tend to use our hands in front of and to the sides of our body. 
Based on hand use, our next ergonomics principle is to Promote Work in the Reach Zone. From an ergonomics perspective we can define two reach zones:
Comfort Reach Zone
Functional Reach Zone
[bookmark: _Toc225518388][bookmark: _Toc54705366][bookmark: _Toc68692681][bookmark: _Toc170823224]Comfort Reach Zone 
[image: ]Think of the comfort reach zone as that area in front and to the side where we’d like to use our hands when we’re doing precise hand activity. Forearm length will determine the dimensions of the Comfort Reach Zone.
To get a feel for this, position your elbows at your sides with your elbows bent at about 90°, swing your hands from side to side. The height of this reach zone will be about three or 4 inches above and below your elbow level.  This is your Comfort Reach Zone.
Typical activities in the Comfort Reach Zone will include keyboard and mouse use along with handwriting. This also includes precision assembly in a manufacturing environment where a minimal downward force is exerted.
[bookmark: _Toc225518389][bookmark: _Toc54705367][bookmark: _Toc68692682][bookmark: _Toc170823225]Functional Reach Zone
[image: ]Think of the Functional Reach Zone as that area in front and to the side where we’ll be able to comfortably reach to obtain parts and materials.
Arm length determines the dimensions of the Functional Reach Zone. An easy way to get a feel for this is to reach your arms out in front of your body with your elbows straight. From your shoulder to the middle of your hand is your forward functional reach. 
Now swing your arms out to the side about 45° from the midline of your body. This is the side-to-side functional reach.
Drop your hands so they are relaxed at your sides. This is called knuckle height and is the bottom zone of the functional reach. Finally, with your arms extended raise them so they are about shoulder level. This is the upper zone of the functional reach.
[bookmark: _Toc170823226][bookmark: _Toc75515011][bookmark: _Toc68692808]Anthropometry 
[bookmark: _Hlk70412889]Now that we have defined the basic Comfort and Functional Reach Zones let’s elaborate on determining appropriate reach zones and other measurements for individuals. For example, how can we determine how far a person can reach or how high a workbench should be and a host of other valuable measures.
Well, we could actually measure the individual to determine their specific reach or stature. And sometimes in ergonomics, this is exactly what we do. This is appropriate when the outcome is uniquely specific to a particular individual. But what about for a general population?
[image: A picture containing indoor, building, several, worktable

Description automatically generated]Now, we can use Anthropometry. For example, an engineer is designing a work station used by many different people. Countless design decisions have to be made. How high, how wide, how big, how long, will it fit, etc.? Anthropometry can help answer these questions. 
The word ‘anthropometry’ is derived from two Greek words:
· [bookmark: _Toc157837069]anthrōpos (human being)
· metry (measuring) 
[bookmark: _Toc225518391][bookmark: _Toc54705369][bookmark: _Toc68692684][bookmark: _Toc75515014][bookmark: _Toc170823227][image: ]Size and Shape
Anthropometry is the study of the physical dimensions – size, shape and weight – of the human body. Anthropometric principles are applied across the full spectrum of the practice of ergonomics. Design standards for workstations, tools and equipment:
· Machine guarding for tools and equipment
· Reaches and heights for workstation design
· Handle configuration for tools and materials
· Development of biomechanical models
[bookmark: _Toc157837070][bookmark: _Toc225518392][bookmark: _Toc54705370][bookmark: _Toc68692685][bookmark: _Toc75515015][bookmark: _Toc170823228]Reference Illustrations and Data Tables 
The basis for anthropometry is the careful measurement of the length, volume and weight of body part segments. From this, data tables have been generated that calculate several factors that include:
· Segment length
· Segment mass
· Center of mass 
The outcome is a set of statistical data that describes the human size and form. Often the data is described in terms of the mean and standard deviations. 5th, 50th and 95th percentiles are calculated. 
We will get into the statistical details in a bit but first let’s examine the anthropometry Reference Illustrations and Data Tables to get a feel for what type of information is available.  
[bookmark: _Toc75515016][bookmark: _Toc170823229]Reference Illustrations
Take a look at the Standing and Seated Reference Illustrations.
[image: Diagram, engineering drawing
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On the Reference Illustrations for example, Stature is indicated by Length 9 in the illustration in the right upper corner. 
The Functional Reach Zone is indicated by Length 1b (Acromial Process to Functional Pinch) in the illustration in the left upper corner. 
Hand, foot and face information is also available.
[image: A drawing of a person's hand
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[bookmark: _Toc75515017][bookmark: _Toc170823230]Data Tables
On the Data Tables (following page) you will see the columns have the following information.
· Column 1 shows the segment lengths and corresponding numbers from the Reference Illustrations. 
· Columns 2-7 provide the 5th, 50th and 95th percentiles respectively for males and females. 
· Columns 8-10 show equivalent data for 50/50 mix of males and females. 
All measures are in inches. The data set is from U.S. Military personnel with a sample size of several thousand. 
[bookmark: _Toc92534371][bookmark: _Toc92534372]


[bookmark: _Toc92534373][bookmark: _Toc92534374]
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[bookmark: _Toc54705371][bookmark: _Toc68692686][bookmark: _Toc225518393]
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[bookmark: _Toc68692690][bookmark: _Toc75515018][bookmark: _Toc170823231]User Population
Now that we have looked at the Anthropometry Reference Illustrations and the Data Tables, let’s discuss how to access and interpret them.
The first design criterion in the use of anthropometry is to define the user population to which we will apply the findings. 
· Is it predominately male or female? 
· Northern European or Asian descent or some other?
· Or, more than likely, will it be a diverse population?  
The data base we use is primarily based on a Northern European data set (US military personnel). For a different population you may need to extrapolate the data. For example, an Asian population will typically be of a shorter stature (about 3% or so) and the Data Table results can be modified as needed.
[bookmark: _Toc75515019][bookmark: _Toc170823232]Anthropometric Guidelines
We have to make a decision about how much of the user population we will accommodate using the data. For example, within the given workforce, will this include the shortest person (certainly less than 5 feet/152 cm) and the tallest person (perhaps 7 feet/213 cm)? This is an exceptionally large range!
[bookmark: _Hlk77318686]General anthropometric guidelines promote designs that attempt to accommodate the 5th percentile female to the 95th percentile male. 
[image: ]How can we interpret this guideline?
[bookmark: _Toc75515020]Mean and Standard Deviation
Hopefully without dredging up too many bad memories from your past statistical analysis courses, please recall that in a normally distributed population the mean and standard deviations can be calculated.
Simply put, standard deviation tells us how spread out the data is. It is a measure of how far each observed value is from the mean. In the distribution, about 95% of the values will be within 2 standard deviations above and below the mean. 
[bookmark: _Toc75515021]5th to 95th Percentile
So, when we say the 5th percentile female and the 95th percentile male what does that exactly mean? Let’s use stature as an example. 
· When we use the 5th percentile female stature as the low end of the range, this means 95 percent of the population in the data base will be taller and only 5 percent will be shorter.
· When we use the 95th percentile male stature as the high end of the range, this means 95 percent of the population in the data base will be shorter and only 5 percent will be taller.
We recognize when we use this range, we will not include very short and very tall individuals. They will be excluded from the design criteria. 
However, we will be able to include about 95% of the population. 
We always want to be aware of individuals that fall outside of this range on either end and attempt to accommodate their particular needs as much as possible.
[bookmark: _Toc75515022][bookmark: _Toc170823233]Workbench Example
[bookmark: _Toc75515023]Stature
To put  this into a practical application, let’s address the question of how high a work bench should be. As we discussed, we could look for the tallest person and make sure the workbench height accommodates that person. But, examining the tables we find that only a very few people are probably actually that tall. 
95th percentile male and 5th percentile female
In fact, when we locate the stature of a 95th percentile male in the Data Table, we determine the stature is 73.9 inches/188 cm.
We could look for the average height individual in the data set. The 50th percentile height indicates half of the population is shorter and half is taller. But then this would accommodate only a small part of the population. 
We could use the shortest person but again that accommodates a small part of the population. Within the Data Table we determine that the 5th percentile female stature is 59 inches/150 cm.
Allow tall person to fit
Generally, in terms of workstation height and other size considerations, we recognize using the 95th percentile male height as a guideline would allow the taller person to fit. Generally, it’s considered easier to raise the shorter person to a higher level than lower the taller person. 
Also, in practical use, we also have to consider the type of work being performed – general assembly, precision or forceful – as well as the size and shape of the material being worked on. Check out the Manufacturing Ergonomics Track for additional details.
In overview, one of the general anthropometric guidelines is to help the tall person fit. 
[bookmark: _Toc157837071][bookmark: _Toc54705372][bookmark: _Toc225518394][bookmark: _Toc68692687][bookmark: _Toc75515024]Reach
Let’s examine the other end of the continuum. A work station is being designed including the layout of parts and materials. How far away, at maximum, should the supplies be placed and still achieve a reasonable functional reach? What if we go with the taller individual who will correspondingly have a longer function reach?
Accessing the Data Table, we determine the 95th percentile male functional reach (Length 1b (Acromial Process to Functional Pinch) is 30.3 inches/77 cm. On the other end of the spectrum, for a 5th percentile female it is 22 inches/56 cm.
Allow short person to reach
So how should we interpret this?
In a fixed reach work station design, we need to look at the functional reach envelope of the smallest individual. The convention is to design for the 5th percentile female. 
In reality, the best bet is to build in reach flexibility to accommodate both ends of the reach envelope. A 95th percentile male feels quite cramped at the 5th percentile female’s reach.
So, by applying the principles of anthropometry as part of the overall systems design, objectives of enhancing human performance by controlling fatigue can be met.
[bookmark: _Toc225518395][bookmark: _Toc54705373][bookmark: _Toc68692688][bookmark: _Toc75515025][bookmark: _Toc170823234]Anthropometry Principles Summary
Ask any tall person trying to fit into an airplane seat or a short person trying to reach to a higher shelf or get their feet on the floor when seated in a chair and they will confirm the anthropometric considerations of designing to:
· [bookmark: _Hlk77319011]Allow the tall person to fit
· Allow the short person to reach
[bookmark: _Toc75515026][bookmark: _Toc170823235]Anthropometric Data Base (Tables)
We will discuss two methods of using the data base. One is to make use of the hard copy data tables we introduced and the other is using an Excel spreadsheet with macros. We appreciate some users may not be able to access the macro-enabled spreadsheet, so we will go through an example of using the hard copy data tables. 
For those who are able to use the spreadsheets, please refer to the next section in the manual for a case study example. Please note the results from the two methods will vary slightly based on the rounding calculations performed in the spreadsheet.
[bookmark: _Toc75515027][bookmark: _Toc170823236][image: A person with his hand up
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Let’s design a workbench intended for an assembly process. We have a diverse user population of men and women. The work process is to perform assembly of a part with these criteria:
· Light weight material, parts and tools (up to 5#)
· Repetitive assembly job tasks
· Tasks performed at elbow level
Currently the workbench is at a fixed height of 36 inches/91 cm.  and we would like to convert it to a standing position, height adjustable workbench. Our objective is to develop the workbench height design specifications for a diverse user population with the assembly process performed while standing. 
The reference point of interest is Elbow Height – Stand (6)
[bookmark: _Toc75515028]Workbench Height – Adjustable Height
Looking at the table for the 5th percentile female, the standing elbow height is 37.6 inches/96 cm. For the 95th percentile male the standing elbow height is 47.1 inches/120 cm. 
Based on this result the recommended range of height adjustment of the workbench in in the range of 36 inches/91 cm. to 48 inches/122 cm. This provides for about a 1 inch/2.54 cm. buffer added to the minimum and maximum height.
[image: A data table with numbers and red circles
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[bookmark: _Toc75515029]Workbench Height – Fixed Height
We have to appreciate that not all workbenches will have the adjustable height option; many will be at a fixed height. What will be the most beneficial fixed height for all operators? We would like the operator to maintain a neutral upright body position as possible and operate within their appropriate reach zone to handle tools, parts and materials. 
Here are some considerations. We could set the work bench height for the shorter individual at 37 inches/94 cm. This will force the taller individual to bend at waist to position hands at workbench and places their hands lower than recommended reach zone. This increases biomechanical stress into spine and shoulders.
We could set the work bench height for taller individual at 47 inches/119 cm. This will force the shorter individual to reach their hands up to the work bench and places their hands higher than recommended reach zone. This increases biomechanical and physiological stress into shoulders and arms.
[bookmark: _Toc75515030]Mixed Population of Men and Women
Another option is to calculate values for a mixed population of men and women. We can use the mix of 50% men and 50% women. So, the 50th percentile for the mixed group results is a 42 inch/107 cm. workbench height. 
Shorter individuals will be working in the top end of their reach zone range and taller individuals will be working in the bottom end of their reach zone range. We could provide foot platform for shorter workers with a maximum recommended height of a single step foot platform of 6 inches/15 cm. This foot platform is comparable to 5th percentile female working at workbench height of 36 inches/91 cm.
Honestly, we try to avoid the use of foot platforms based on issues of inadvertently stepping off the platform, need to move the platform in and out of position, etc.; but it can be a viable option when no alternative to a fixed height workbench exists.
[bookmark: _Toc75515031][bookmark: _Toc170823237][bookmark: _Toc68692692][bookmark: _Hlk69204467]Case Study Caveats
[bookmark: _Hlk77319571]Worksurface height recommendations also need to reflect the task being performed; for example, if higher force levels are required or a high level of precision is needed. 
[bookmark: _Toc75515032]Higher Manual Handling Force Levels and/or Higher Downward Force Levels
If higher force levels (> 5 lbs/2.3 kg ) to manually lift parts and materials or if higher downward force is needed (e.g., using torque wrench, pushing down on parts, etc.) we need to be concerned about requiring shorter individuals to exert force in the upper part or even outside of their reach zone thereby compromising arms and shoulders.
[bookmark: _Hlk77319695][bookmark: _Hlk77319740]Modifications are to recommend a workbench height 3 to 5 inches/7.6 to 12.7 cm lower than elbow height. So, 37 inches/94 cm. for a fixed workbench height and an adjustable height range of 32 to 44 inches/81 to 112 cm.
[bookmark: _Toc75515033]Precision Activities
For precision activities we want to position the parts/materials high enough to limit excessive tilting the head down to see the task. We may need to consider supporting the weight of arms to unload neck and shoulders. 
In this case, the recommended workbench height is 3 to 5 inches/7.6 to 12.7 cm. higher than elbow height. This equates to a fixed height at 45 inches/114 cm. and an adjustable height range of 40 to 52 inches/102 to 132 cm.
[bookmark: _Toc75515034][bookmark: _Toc170823238]Anthropometric Data Base (Excel Spreadsheet)
[image: A screenshot of a computer

Description automatically generated]Now that we have been through an example using the hard copy data tables, let’s introduce the Anthropometry Reference Data Base.xlsm, (Excel spreadsheet found in your training materials.)
Based on information from Ergonomic Design for People at Work, Vol 1, pp 299-310 it was developed by Thomas E. Bernard, University of South Florida, College of Public Health, Tampa FL 33612-3805. It provides easy access to the data base. You can select either inches or cm. and lbs. or kg. for the calculations.
[bookmark: _Toc68692693][bookmark: _Toc75515035]Anthropometric Case Study
A workbench is being designed for an assembly process. A diverse user population will perform light weight (up to 5#) repetitive assembly job tasks at elbow level from a standing position. Workbench height is the point of interest. Using anthropometric data, we can develop the design specifications for the workbench height. 
Standing Workstation Guidelines and Standing Workstation Specifications are based on the anthropometric data and determined as follows.
Accessing the Anthropometric Data Base, in the Reference Points sheet in the Excel spreadsheet identify the metric of interest: 
[image: A computer screen shot of a computer

Description automatically generated]Elbow height – Stand (6) (used to determine workbench height)
Select the Anthropometry sheet in the Excel spreadsheet. In the Select Dimensions of Interest pull down menu select:
Elbow height – Stand (6)
[bookmark: _Toc75515036]5th Percentile Female calculation: 
In the Adult Population Mix (%) input 0 for Men, Women 100 will be automatically input
In the Design Exclusion (%) input 5, this will calculate 5th and 95th percentiles
Click Find Values
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[bookmark: _Toc75515037]95th Percentile Male calculation:
In the Adult Population Mix (%) input 100 for Men, Women 0 will be automatically input.
In the Design Exclusion (%) input 5, this will calculate 5th and 95th percentiles
Click Find Values
[image: A screenshot of a computer
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[bookmark: _Toc75515038]Interpretation
For the 5th percentile female and the 95th percentile male, we now have determined standing elbow height (Elbow height – Stand (6)).
Workbench Height – Adjustable
So, with the 5th percentile female standing elbow height at 37.3 inches/94.7 cm. and the 95th percentile male at 46.5 inches/117.9 cm. we can specify the recommended range of adjustment of the workbench. Based on this result the recommended range of height adjustment of the workbench in in the range of 36 inches/91 cm. to 48 inches/122 cm. This provides for about a 1 inch/2.54 cm. buffer added to the minimum and maximum height.
Workbench Height - Fixed
If a height adjustable workbench is not an option, we have to consider what will be the most beneficial fixed height for all operators. We would like the operator to maintain a neutral upright body position as possible and operate within their reach zone to handle tools, parts and materials. We could set the work bench height for shorter individual at 37 inches/94 cm. This will force the taller individual to bend at waist to position hands at workbench and places their hands lower than recommended reach zone. This increases biomechanical stress into spine and shoulders.
We could set the work bench height for taller individual at 47 inches/119 cm. This will force the shorter individual to reach their hands up to the work bench and places their hands higher than recommended reach zone. This increases biomechanical and physiological stress into shoulders and arms.
Another option is to calculate the values for a mixed population of men and women. We can manipulate the Adult Population Mix (%) to consist of 50% men and 50% women.
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The Elbow Height – Stand 50th percentile for the mixed group would indicate a 42 inch/106.6 cm. workbench height: 
· Some shorter individuals would be working in the top end of their power zone range.
· Some taller individuals would be working in the bottom end of their power zone range.
So, for a 50/50 Adult Population Mix, a 42 inch/106.6 cm. fixed workbench height could be a reasonable compromise.
We can also provide a foot platform for the shorter workers. Maximum recommended height of a single step foot platform is 6 inches/15 cm. For a fixed height workbench this would be comparable to a 5th percentile female working at workbench height of 36 inches/91 cm. 
[bookmark: _Hlk170386678]Honestly, we try to avoid the use of foot platforms based on issues of inadvertently stepping off the platform, need to move the platform in and out of position, etc.; but it can be a viable option when no alternative to a fixed height workbench exists. Please refer to the Caveats section above.
Foot Platform
I guess, ‘Never say never’ is the lesson here. I just talked about trying to avoid the use of foot platforms. Here is an example where it made sense.
The Supervisor identified an issue with foot platform. As the Operator demonstrates, the platform was too small with foot pedals on floor. They had to step off the foot platform to use the pedals.
An ergonomics assessment was conducted with recommendations to put in place a platform that is 48” wide by 36” deep for good access and allows space for the foot pedals on the platform.
[bookmark: _Toc75515039]Anthropometry – Important Component
Applying anthropometric principles and design criteria is an important component in ergonomics. 
I can’t tell you the number of times I have been asked by an engineer, a safety professional, a manager and a worker how high that workbench should be or how far can a person reach. I believe anthropometry has added a great deal of value to my work with my clients and I believe it will for yours as well!
[bookmark: _Toc170823239]Anthropometry Case Study
I hope our discussion has been helpful to you. To gain a little more experience, please refer to the Anthropometry Case Study in your training materials. You will have the opportunity to develop the design specifications for a height adjustable workbench where the worker can sit and stand. 
For this exercise you will access the hardcopy Anthropometry Reference Data Base Tables. You can also use the Excel spreadsheet version if you are able to use the macro enabled version. Remember the results vary slightly based on rounding in the calculations.



[bookmark: _Toc157837090][bookmark: _Toc225518400][bookmark: _Toc54705374][bookmark: _Toc68692702][bookmark: _Toc170823240]Provide Correct Workstations, Tools and Equipment
[image: Ergo Team 11-03_077]Providing the correct tools, equipment and facilities is a critical ergonomics principle. Safer, faster and more productive are the tangible results. 
The correct workstation, tools and equipment can make the difference between getting the job done or not at all. And even worse, the wrong tool can result in injury to the user.
[bookmark: _Toc781280][bookmark: _Toc54013124][bookmark: _Toc68692703][bookmark: _Toc170823241]What does “Correct” Mean?
[image: old production line]In overview, a good way to assess if you have the correct workbench, tools and equipment is to apply the ergonomics principles. Can the job be performed:
In neutral positions?
With appropriate body and limb support?
Within acceptable reach zones?
While controlling manual handling?
With adequate training?
In a controlled environment?
If the answer to these questions is primarily YES, then more than likely it is correct.
If the answer is NO, then we need to understand why not and make appropriate changes.
Specific information about assessing and providing the correct workstations, tools and equipment is detailed in both the Manufacturing Ergonomics and Office Ergonomics Tracks. 


[bookmark: _Toc157837092][bookmark: _Toc225518404][bookmark: _Toc54705470][bookmark: _Toc68692776][bookmark: _Toc170823242][bookmark: _Toc508899950]Provide Competency-Based Training
Providing competency-based training is a critical part of the ergonomics process.
[bookmark: _Toc157837093][bookmark: _Toc225518405][bookmark: _Toc54705471][bookmark: _Toc68692777][bookmark: _Toc170823243]Results not Achieved?
[image: ]A company spends thousands of dollars on tools, equipment and facility that are ergonomically designed but they don't achieve the desired results. What happened?
In many situations the problem is that the workforce doesn't know how to make the most of the tool, equipment, or furniture. Two sides of the coin emerge: you need to have the correct item AND you need to know how to use it properly. For the workforce to really get the benefits of ergonomics they need to be able to demonstrate competency in both the setup and use of the tool or equipment.
To give you an example. A company purchased new fully featured ergonomics office chairs. They were delivered and put into use. A short while later during an ergonomics audit it was determined that no one had adjusted the chairs for their specific needs. 
They hadn't received any instruction in how to use the chairs - they just sat down and went to work. In fact, a number of individuals reported they actually felt intimidated by the chair and all of its "bells and whistles"!
[bookmark: _Toc170823244]Does practice make perfect?
If you want to improve your golf game (or some other physical skill) what do you need to do? Right, you need to practice the new technique to acquire the skill level to advance. How you practice is critical.
Vince Lombardi, the famous Green Bay Packers football coach said it well.
Practice does not make perfect.
Only perfect practice makes perfect.
He understood the need to practice correctly. If you don’t, you will get really good at doing it incorrectly! That’s why we stress competency- based training approaches. 
Ergonomics is all about learning new skills; we encourage training sessions that involve a hands-on approach. Over time, with proper feedback and practice, the desired result will be accomplished.


[bookmark: _Toc157837094][bookmark: _Toc225518406][bookmark: _Toc54705472][bookmark: _Toc68692778][bookmark: _Toc170823245][image: WS 17-1 thermostat]Control Exposure to Work Environment
Controlling exposure to the work environment including light, noise, temperature and ventilation is the next ergonomics principle. 
What do you think, can we set the thermostat at a level that everyone will agree to? The goal is to shoot for the middle and let individuals use personal controls based on their needs.
In ergonomics we are involved in how the work environment influences performance. Depending on your background and experience you may be well versed in analyzing work environment factors and offering recommendations. If not, make sure you tap into the expertise of other professionals as needed. Here are some basic concepts.
[bookmark: _Toc108512948][bookmark: _Toc225518570][bookmark: _Toc54705473][bookmark: _Toc68692779][bookmark: _Toc170823246]Environment
[bookmark: _Toc225518571][bookmark: _Toc54705474][bookmark: _Toc68692780][bookmark: _Toc170823247]Cold
Cold environments, tools, or pneumatic tool exhaust may bring about a reduction in tissue sensitivity, manual dexterity, and grip strength. When sensitivity decreases the amount of force exerted to perform a task increases. This requires the individual to perform more work than necessary. 
Adequate personal protective equipment and appropriate worker rotation (in and out of cold environment) are also effective. Directing tool exhaust away from the user is important for maintaining tissue sensitivity.
[bookmark: _Toc225518572][bookmark: _Toc54705475][bookmark: _Toc68692781][bookmark: _Toc170823248]Heat
Hot environments result in an increase in metabolic demand. Heat may also affect an individual's ability to grasp tools and parts and to manipulate controls due to the effect of perspiration on grasp.
When perspiration increases, friction between the hand and the tool decreases. Higher force levels are again required to maintain the integrity of the grasp. Hot and humid environments may also result in the fogging of eye protection, again complicating effective task completion. 
Adequate ventilation and clothing as well as worker rotation are effective.
[bookmark: _Toc225518573][bookmark: _Toc54705476][bookmark: _Toc68692782][bookmark: _Toc170823249]Air
Air temperature, quality, flow and humidity are important to consider.
[bookmark: _Toc225518574][bookmark: _Toc54705477][bookmark: _Toc68692783][bookmark: _Toc170823250]Temperature
Is the air temperature too cold?  Too hot?
Is it too humid in the workplace?
Are radiant heat sources placed near any work stations?
Are there rapid changes in temperature in the work environment?
[bookmark: _Toc225518575][bookmark: _Toc54705478][bookmark: _Toc68692784][bookmark: _Toc170823251]Quality
Is there so much air contaminant in the process that it settles on displays, making them difficult to see? 
Are suspended dust, mists and other particulates present in the air?
[bookmark: _Toc225518576][bookmark: _Toc54705479][bookmark: _Toc68692785][bookmark: _Toc170823252]Flow 
Is air circulation too low?
Is there too much air movement?
Are workers exposed to rapid environmental changes?
[bookmark: _Toc225518577][bookmark: _Toc54705480][bookmark: _Toc68692786][bookmark: _Toc170823253]Humidity
Is the humidity frequently uncomfortable enough to interfere with the job? 
Are there wet locations that may produce shock hazards for work with electrically powered equipment?
[bookmark: _Toc54705481][bookmark: _Toc68692787][bookmark: _Toc225518578][bookmark: _Toc170823254]Noise
[image: 055a]Noise is any unwanted sound. One person's music may be another person's noise. Potentially damaging noise is frequently encountered in work environments. 
Noise has basic components of frequency, level, and duration. Frequency, or pitch, is measured in Hertz (Hz), or cycles per second; the higher the frequency, the higher the pitch. The range of human hearing is 20 Hz to 20 kHz. Noise is measured in decibels (dB) and is perceived as loudness.
For example:
60 dB - social conversation.
80 dB - conversing in loud noise less than one foot away.
105 dB - jet engine.
150 dB - reduced visual acuity, chest wall vibration, "gagging" sensation.
Sounds may have a very short duration, such as the crack of a rifle, or a long duration, such as the engine of an industrial generator. 
High noise levels can drastically impede effective communication in the workplace. Concentration is affected, negatively influencing productivity. Noise has also been blamed for excessive fatigue.
[bookmark: _Toc225518579][bookmark: _Toc54705482][bookmark: _Toc68692788][bookmark: _Toc170823255]Noise Abatement
Because noise is essentially another form of vibration, intervention strategies are similar to those for the control of vibration. 
Controlling noise at its source is always the best possible solution. For example, replacing noisy  printers with laser printers can be effective in office environments.
If it is not possible to control the source of the noise, changing its path can also control it. Use acoustical sound barriers, enclosures, and sound absorbing tiles and carpet.
[bookmark: _Toc225518580][bookmark: _Toc54705483][bookmark: _Toc68692789][bookmark: _Toc170823256]Noise - Questions
Is there so much process noise that hearing loss could occur?
Is there so much noise that it interferes with speech or audible signals of various kinds?
Are there noise levels that interfere with conversation or performing the job?
[bookmark: _Toc508899951][bookmark: _Toc157837095]Refer to the Environment Checklist in the Ergonomics Manufacturing Track for more information.
[bookmark: _Toc225518407]


[bookmark: _Toc54705484][bookmark: _Toc68692790][bookmark: _Toc170823257]Promote Health and Wellness!
[bookmark: _Toc54705485][bookmark: _Toc68692791][bookmark: _Toc170823258]What is the most important tool we all own?
Here is a question for all of us. 
“What is the most important tool we all own?”
Of course, the answer is.
“The most important tool we all have is ourselves; our minds and our bodies; in other words, our physical and mental health.”
As health and safety professionals we have valuable information and can play an important role in promoting health and wellness in the workplace.
[bookmark: _Toc170823259]Health and Wellness Factors
[image: ]Our goal is to provide a workplace where regular health and wellness concepts and practices are built into the course of doing business. Health and wellness factors include:
Diet and nutrition
Body weight control
Stress management
Smoking cessation
Blood pressure control
Fluid intake - don’t get dehydrated 
Adequate rest/sleep 
[bookmark: _Toc170823260]Movement to control fatigue
We recognize movement helps to control fatigue by relieving awkward and sustained positions and promoting circulation to the body's tissues. 
[image: ][image: ]Who has dogs or cats at home? When they first get up from a little nap what is the first thing they do? They stretch!
We also have an instinctive need to move . . . we just need to pay attention to it. Promote movement in the workplace!
Health and wellness is an important ergonomics principle and fits well within our purview as health care and safety professionals.


[bookmark: _Toc68692793][bookmark: _Toc157837096][bookmark: _Toc225518408][bookmark: _Toc54705486][bookmark: _Toc170823261]Provide On-going Feedback and Follow-up
[bookmark: _Toc157837097][bookmark: _Toc225518409][bookmark: _Toc54705487][bookmark: _Toc68692794][bookmark: _Toc170823262]100% Correct the First Time? 
[image: horizon]In your experience does any new process work 100% correctly out of the gate? 
Even with the best up-front planning there will be unintended consequences, something will vary from the plan. This is why providing on-going feedback as part of the follow-up process is so critical. 
Schedule formal follow-up sessions at regular intervals; for example, one week post-implementation and then one month, six months and one year. 
Document the outcome of the follow-up,  alleviate the issues identified in a timely manner and publicize the lessons learned. 
[bookmark: _Toc157837098][bookmark: _Toc225518410][bookmark: _Toc54705488][bookmark: _Toc68692795][bookmark: _Toc170823263]Continuous Process Improvement and Ergonomics
Applying ergonomics principles to the overall continuous process improvement effort is integral to the success of the process. 
Ergonomics, when focused on optimizing performance – enhancing safety, quality, and productivity – is made stronger when on-going feedback and follow-up is performed.
[bookmark: _Toc170823264]Ergonomics is a Potent tool!
[bookmark: _Toc170823265][image: ]Ergonomics Principles 
Our Introduction to Ergonomics journey started with the Principle of Promoting Effective Work Processes as the hub of the ergonomics wheel and the remaining ergonomics  principles as the spokes to make the wheel go round.
[bookmark: _Toc170823266]Potent Tool
I have found ergonomics to be a potent tool! When the principles of ergonomics are applied the outcome is demonstrated improvements in quality, productivity, health and safety!
I hope the information has been helpful to you and sets the stage for the other Tracks in ERGONOMICS ON-DEMAND! 
Thanks for your time and attention!
Return to Table of Contents
Return to Table of Contents
image78.jpeg




image79.png




image80.jpeg




image81.jpeg




image82.png
The inside of the ear




image83.png




image84.png




image85.png




image86.jpeg




image87.png
]
o
12}
=
)
S





image2.png
Mark Anderson, PT, CPE





image3.jpeg




image4.jpeg




image5.jpeg
Ergonomics Principles
PROCESS - Pramais et work prcesses
OSIMONSUPPORT —Pramcts s by ant
s poskonsuppon

MOVENENT - Promot aguar pysial moverert
WATERIAL HANDLING - Coniol mansat sl

handing
REACH - Promte werk n e zone
WORKSTATIONTOOLSIEQUIPMENT - Provide
Cormct rkstaton, oo and squpmant
TRAINING — Provide compatancy based aining
ENRONMENT—Corv o ok
HEALTHWELLNESS - Promcte prsansi haslt
and ez

FEEDBAGK _roie ongan edoack o
contiuous improvemer





image6.jpeg




image7.emf
The  ‘Just Right ’ Continu um  

     

Too Little  Just Right  Too Much  

 


image8.jpeg




image9.jpeg
] =lelx





image10.jpeg




image11.png




image12.png




image13.jpg
N





image14.jpeg




image15.png




image16.png




image17.png




image18.jpeg




image19.png




image20.png
i

S





image21.png




image22.png
uopsod
%,
e,
D

%,

Materia) Handing

Process





image23.jpeg




image24.png
S N
-

—

4
LJ

-




image25.png




image26.png
Engineerini Administrative - Personal
Elimination Substitution cgontr S 9 oo Protective
Equipment (PPE)




image27.png




image28.png




image29.png




image30.png




image31.png




image32.png




image33.png




image34.png




image35.jpeg
Discomfort Survey

Based on your average workday, please | Date: o
complete the Discomfort Survey. Fill in
all of the boxes below. Please respond Handedness: Right | Left Ambi

honestly and thoughtfully. Your
responses are anonymous.

THANK YOU! Operation/Task:

Rate discomfort for each region by
writing the number (0 to 3 in the box.)
0=NONE/ MINIMAL: No discontort at all. Some

discomfort, able to reasonable cope with
discomfort while performing general tasks

1-MODERATE: Moderate discomfort, some
difficulty in performing general actvities.

2-SEVERE: Significant difficulty in performing
general activities,

3-MAX: Maximum discomfort (unable to
function, admitted to the hospital )

LineWork Unit:

BODY PART [
A | Head/NeckiEyes

Shoulder/Upper
Back

| Low Back (Mid/Low) .

D | Arms/Elbows

Hands/Wrists/
Fingers

F | LegsFeet

TOTAL SCORE
Please respond to questions below (circle
response)

How physically hard do | B3y | Moderate
You rate your work? Hard | Very Hard
How much energy doyou | Lots | Some
have left after at the end

of your shift? Little None

‘OVER FOR ADDITIONAL COMMENTS
FORM:DC121211  ErgoSystems Consulting Group, Inc.  www.ergosystemsconsulting.com
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Anthropometry Data Tables

Column 1 shows the measures and corresponding numbers from the body diagrams. Columns 2-7 provide the 5th, 50th and
95th percentiles respectively for males and females. Columns 8-10 show equivalent data for a 50/50 mix of males and females.
All measures in inches. Data taken primarily from U.S. military personnel with sample size of several thousand.

Males Females 50/50 Males/Females
Sth 50th 95th Sth 50th 95th 5th 50th 95th

STANDING
1. Forward Functional Reach

a. Includes body depth at shoulder 28.7] 32.5] 36.3] 26.2] 29.2] 32.2| 27.2 30.7 35

b. Acromial Process to Functional Pitch 23.5] 26.9] 30.3] 22.0] 24.6] 27.2| 22.6 25.6] 29.3]

c. Abdominal Extension to Functional Pitch 174 24.4] 314 18.6] 238| 29.0| 9.1 241 29.3]
2. Abdominal Extension Depth 7.5| 9.1 10.7] 6.6} 82} 9.8} 71 87| 102
3. Waist Height 37.7] 419} 46.1 36.0) 40.0) 44.0] 37.4] 40.9] 447
4. Tibial Height 5.7} 7.9} 201 14.7] 16.5] 18.3] 15.3| 17.2] 194
5. Knuckle Height 26.5] 29.7} 228 48] 28.0] 31.2] 25.9 319
6. Elbow Height = 405> 47.1 (376])  404] 43.2] 38.0] 45.8]
7. Shoulder Height 51.8] 56.6] 64|  web| 51.9) 57.3| 484 59.7]
8. Eye height 59.9] 64.7} 69.5] 55.2] 59.6} 64.0] 56.8) 62.1 67.8|
9. Stature 63.5] 68.7} 73.9] 59.0) 63.8] 68.6] 60.8 66.2] 72
10. Functional Overhead Reach 759) 825] 89.1 71| 78.4] 852] 74.0] 80.5| 869)
SEATED
11. Thigh Clearance Height 4.6 5.8 7.0} 39 4.9 5.9 43 5.3] 6.5]
12. Elbow Rest Height 6.9} 9.5} 121 6.7} 9.1 11.5] 7.3 9.3] 11.4]
13. Midshoulder Height 221 24,5 26.9) 20| 22| 24.8| 21.4] 23,6} 26.1
14. Eye Height 28.2] 31.0} 33.8] 26.6| 29.0] 314 274 29.9] 32.8]
15. Sitting Height, Normal 311 34.1 371 290 322| 354 32.0| 34.6| 37.4]
16. Functional Overhead Reach 440 50.6] 57.2] 42.0) 472) 524 438 487 54.8]
17. Knee Height 19.1 213 23.5| 18.1 20.1 221 187 207 22.7]
18. Popliteal Height 15.2] 17.2] 19.2] 14.8] 162} 7.6} 6.1 16.6| 18.4
19. Leg Length 37.6) 414 452| 362| 39.6| 43.0] 37.3] 40.5] 439
20. Upper-Leg Length 21.2] 234 256 20.6] 22.6] 24.6) 211 23.0] 24.9]
21. Buttocks-to-Popliteal Height 17.2] 19.2] 21.2| 16.5] 18.9] 21.3| 172 19.1 209
22. Elbow-to-Popliteal Height 12.4] 142 16.0] 10.5] 127} 14.9] 126 14.5] 162
23. Upper-Amm Length 131 14.5] 15.9] 12.6] 134} 14.2] 12.9 13.8] 155
24. Shoulder Breadth 6.3} 17.9] 19.5] 138] 15.4] 7.0} 14.3 16.7] 18.8
25. Hip Breadth 122] 14.0] 15.8] 13.0] 5.0} 7.0} 12.8 14.5] 16.3
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