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History of Ergonomics: I

The association between occupations and musculoskeletal 
injuries was documented centuries ago. 

Bernardino Ramazinni (1633-1714) wrote about work-related 
complaints (that he saw in his medical practice) in the 1713 
supplement to his 1700 publication, "De Morbis Artificum
(Diseases of Workers)." 

Presently, Work Related to Musculoskeletal Disorder and 
Human Error are considered the research challenges in 
ergonomics field.
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Digital Neuritis 
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Trigger Finger 
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Tendon Damage and Pain

Damage:
– torn
– tendonitis
– tenosynovitis

Finkelstein's test; the patient is instructed to grasp the thumb of the affected 
hand with the other fingers and actively pull the thumb towards the small finger.  
Sharp pain will be elicited over the area indicated by the red dot if the patient 
suffers from deQuervain's tenosynovitis. 

Tenosynovitis

7 Tendon Inflammation
Examples

8

Rotator Cuff Tendinitis

การอกัเสบของเอน็
บรเิวณขอไหล

การบาดเจ็บบริเวณหัวไหล
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การบาดเจ็บบริเวณขอศอก: Epicondilitis
การอกัเสบของเอน็ขอศอกบรเิวณ Epicondyle
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การบาดเจ็บของเอน็กระดูกขอเทา
การบาดเจ็บของเอน็กลามเนือ้ขอศอก
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Raynaud’s Phenomenon

12
Carpal Tunnel Syndrome
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การงอหรอืหกัขอมอื

จะมคีวามเสีย่งตอการบาดเจบ็มากขึน้ 
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Reducing Risk of Hand and Wrist
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Form

An example of research in Ergonomics
From: Applied Ergonomics
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Low Back Problem of a Disc Ruptures

A disc that has been weakened may rupture or herniate. If the 
annulus ruptures, or tears, the material in the nucleus can 
squeeze out of the disc, or herniate. A disc herniation usually 
causes compressive problems if the disc presses against a 
spinal nerve. The chemicals released by the disc may also 
inflame the nerve root, causing pain in the area where the 
nerve travels down the leg. 

L5/S1

L4/L5

L3/L4
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Hamstring muscles cause the rotation 
of pelvises 

Changes in lumbar spinal curve resulting 
from pelvis rotation – increase disc pressure
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Andersson and et.al. (1974)

Changes  in Spinal Disc  Pressure  at L3/L4
from Different Sitting Postures
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Andersson and et.al. (1974)

Changes  in Spinal Disc  Pressure  at L3/L4
from Different Sitting Postures
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An example of research in Ergonomics

From: Journal of Electromyography and Kinesiology 
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History of Ergonomics: II

Wojciech Jastrzebowski created the word 

ergonomics in 1857 in a philosophical narrative, 

"based upon the truths drawn from the Science of Nature" 

(Jastrzebowski, 1857).
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Ergonomics Meaning 

The word "Ergonomics" comes from the following two 
Greek words:

Ergonomics = Ergos + Nomos

Ergos which means "work" 

Nomos which means "laws" 

Useful work     or   Harmful work
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History of Ergonomics: III

In the early 1900's, the production of industry was still largely 
dependent on human power/motion and ergonomic 
concepts were developing to improve worker productivity. 

Scientific Management, a method that improved worker 
efficiency by improving the job process, became popular.

Frederick W. Taylor was a pioneer of this approach and 
evaluated jobs to determine the "One Best Way" they could 
be performed.
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An example of research in Ergonomics

From: Ergonomics
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An example of research in Ergonomics

From: Journal of Biomechanics
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An example of research in Ergonomics

From: International Journal of Industrial Ergonomics
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An example of research in Ergonomics

From: Ergonomics
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An example of research in Ergonomics

From: Ergonomics
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An example of research in Ergonomics

From: Applied Ergonomics 40 (2009), 303-308 
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An example of research in Ergonomics

From: Applied Ergonomics
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An example of research in Ergonomics

From: International Journal of Industrial Ergonomics
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An example of research in Ergonomics

From: International Journal of Industrial Ergonomics
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An example of research in Ergonomics

From: Applied Ergonomics
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ตัวอยางงานวิจัยทางดานการยศาสตร

From: การประชุมวิชาการเครอืขายวิศวกรรมอุตสาหการ IE NETWORK 2006
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ตัวอยางงานวิจัยทางดานการยศาสตรเชิงประยุกต

From: การประชุมวิชาการเครอืขายวิศวกรรมอุตสาหการ IE NETWORK 2009
21-21 ตุลาคม 2552
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History of Ergonomics: IV

Frank and Lillian Gilbreth made jobs more efficient and 
less fatiguing through time motion analysis and 
standardizing tools, materials and the job process.

By applying this approach, the number of motions in bricklaying 
was reduced from 18 to 4.5 allowing bricklayers to increase 
their pace of laying bricks from 120 to 350 bricks per hour.

38

Case Study III
Ref: Humantech, Inc (2004) by McGowan

39
An example of research in Ergonomics

From: Applied Ergonomics

The motherboard was redesigned to correct the design errors, 
to allow more components to be machine soldered and to 
reduce MC. This eliminated rejects, reduced repairs, saved US 
$581,495/year and improved operators’ OHS. The customer 
also saved US $142,105/year on loss of business.
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An example of research in Ergonomics

From: Applied Ergonomics
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History of Ergonomics: V

World War II prompted greater interest in human-
machine interaction as the efficiency of sophisticated 
military equipment (i.e., airplanes) could be compromised 
by bad or confusing design. 

Design concepts of fitting the machine to the size of the 
soldier and logical/understandable control buttons evolved.
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Fig. 1. In human simulation tools
reach zones are normallyvisualiz ed
bymeans of spheres around the
shoulder joint. The ANNIE–
Ergoman-manikin shows maximum
reach with upper bodymovement.

An example of research in Ergonomics
From: International Journal of Industrial Ergonomics
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After World War II, the focus of concern expanded to include 
worker safety as well as productivity. Research began in a 
variety of areas such as:

* Muscle force required to perform manual tasks
* Compressive low back disk force when lifting
* Cardiovascular response when performing heavy labor
* Perceived maximum load that can be carried, pushed 

or pulled 

History of Ergonomics: VI
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Case Study I 
Ref: Humantech, Inc (2004) by McGowan
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Case Study I 
Ref: Humantech, Inc (2004) by McGowan
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Case Study II
Ref: Humantech, Inc (2004) by McGowan
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Postures effecting on shoulder muscle fatigue

Expected time to reach significant shoulder 
muscle fatigue for varied arm abduction angle.  
(Chaffin, 1973)
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Shoulder abduction effecting on 

fatigue and performance

Performance and metabolic energy expenditure rates from study of 12 female 
grocery packers (Tichauer, 1978), from Chaffin (1991) 

Back

Addition



49 Effects of static effort on energy consumption (measured by 
oxygen consumption) for three ways of carrying a school 

satchel.  Ref: Malhotra and Sengupta (1965)
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Static muscular effort in the left arm 
during potato planting. Ref: Hettinger (1970)
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Areas of knowledge that involved human behavior and 
attributes (i.e., decision making process, organization 
design, human perception relative to design) became 
known as cognitive ergonomics or human factors. 

Areas of knowledge that involved physical aspects of the 
workplace and human abilities such as force required to lift, 
vibration and reaches became known as industrial 
ergonomics or product design ergonomics. 

History of Ergonomics: VII
52

Ergonomics: Man-Machine Interaction

www.baddesigns.com
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Ergonomics: Man-Machine Interaction

www.baddesigns.com
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Ergonomics: Man-Machine Interaction

www.baddesigns.com
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www.baddesigns.com

Ergonomics: Man-Machine Interaction
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คําแนะนํา

Ergonomics: User Friendly Design

www.baddesigns.com



57

Ergonomics: Human Error

www.baddesigns.com
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www.baddesigns.com

Ergonomics: Human Error
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a "good fit" between humans and all 
components in a working system 

Definition of Ergonomics
60

What is Ergonomics?
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Ergonomics: Definition

Ergonomics (or human factors) is the scientific discipline 
concerned with the understanding of interactions among 
humans and other elements of a system, and the profession that 
applies theory, principles, data and methods to design in order 
to optimize human well-being and overall system performance. 

The Discipline of Ergonomics by IEA 

Ref: IEA (International Ergonomics Association)  <www.iea.cc> 
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Ergonomics: Definition

Ergonomists contribute to the design and evaluation of tasks, 
jobs, products, environments and systems in order to make 
them compatible with the needs, abilities and limitations of 
people.

Who is an ergonomist? 

Ref: IEA (International Ergonomics Association)  <www.iea.cc> 
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IEA 
(International Ergonomics Association) 

The main goal of IEA:

To elaborate and advance the science and practice of 

ergonomics at the international level

To improve the quality of life by expanding the scope of 

ergonomics applications and contributions to global society 
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IEA Technical Committee

StandardsHuman Aspects of Advanced 
Manufacturing 

Safety and HealthHospital Ergonomics

Rehabilitation ErgonomicsErgonomics for Children and 
Educational Environment

Quality ManagementCost-Effective Ergonomics

Psychophysiological in ErgonomicsConsumer Products

Process ControlBuilding and Construction

Organizational Design and 
Management

Building and Architecture

Musculoskeletal DisordersAuditory Ergonomics

Human ReliabilityAgriculture

Human-Computer InteractionAging
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The Certified Professional Ergonomist (CPE)
Certified Human Factors Professional (CHFP) 

Associate Ergonomics Professionals (AEP)
Associate Human Factors Professionals (AHFP) 
Certified Ergonomics Associate (CEA)

Ergonomist in US.

www.bcpe.org
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Professional in Ergonomics

United States: 
BCPE (Broad of Certification in Professional Ergonomics)
http://www.bcpe.org
Certified Professional Ergonomist (CPE) 
Certified Human Factors Professional (CHFP)

Canada : 
CCCPE – Canadian certification Council for Profesionnal ergonomists 
http://www.ace-ergocanada.ca

Europe : 
CREE - Centre for Registration of European Ergonomists
http://www.eurerg.org/index.htm
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Australia : 
Register of Certified Professional Ergonomists
http://www.ergonomics.org.au

New zealand : 
BCNZE - Board for Certification of New Zealand Ergonomists
http://www.ergonomics.org.nz

Japan : JES (Japan Ergonomics Society)
JES Certification Programm for Profesionnal ergonomists
http://www.ergonomics.jp/cpe/index_e.html 

Thailand:
EST (Ergonomics Society of Thailand)
http://www.est.or.th

Professional in Ergonomics (cont.)
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Similar Words in Ergonomics

Human Factors in Engineerng

Human Engineering

Work Physiology
Sport Physiology

Occupation Biomechanics
Sport Biomechanics

Cognitive Engineering
Engineering Psychology
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Ergonomics Concept

Inappropriate Design  

Ergonomics Problems

Effect on health

Effect on performance/ 
productivity

Effect on quality 

Effect on error, accident and 
safety

70 Where ergonomics knowledge 
come from:

Common Sense
- human experience learning 
- trial and error performing 

Sophisticated Science
- scientific proof by measuring and 
experiments
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Scientific Basics of Ergonomics 

Physics, Mechanics, 

Biology, Physiology

Engineering psychology, behavior 

Statistics and epidemiology 

Anthropometry

Job Analysis, Work Design
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Ergonomics Philosophy

Fit the job to the man
Fit the man to the job

What are the differences between the two 
philosophies above?

Others philosophies in ergonomics design
Human centered thinking
User friendly design
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Ergonomics Consideration

Understanding human characteristics both in capacity 
and limitation

Using the characteristics for new designs and 
improving existing design

Evaluating the designs by the following criterions:
Easier : the design easy and shorten to learn  
Better :  the design convenient to use 
Safer :  the design safer than the previous  
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Ergonomics : Main Goals:

Provide a safe and healthful working environment 
engineered to the capabilities of the human body 

Decrease worker fatigue and discomfort through the 
elimination of excess effort 

Increase efficiency and productivity by reducing worker 
fatigue 

Improve quality by providing designs that reduce the 
potential for human error 

Enhance customer service through improved worker morale 
Elevate job satisfaction 
Reduce injuries/illness 
Reduce costs
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The Scope of Ergonomics

Consumer products

Office workplace

Manufacturing process

Transportation 
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Manufacturing Ergonomics

Product Design

Manufacturing Process Design

Production System Design 

Personal Assignment 

Work Organization 



77 An Ergonomics Model
All factors related to ergonomics consideration in design

Social

EconomicsTechnologies

Law & Regulation 
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A visual inspection task

Physical Strain

Physiological 
Strain

Psychological/
Mental  Strain

Stress
- Physical workload 
- Environmental workload
- Psychological/Mental 

workload
- Other psychosocial effects

Epidemiology
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Physical stress from 
awkward postures

• Incorrect head and 
neck position.
• Tension in the 

neck muscles 
can lead to 
headaches.

• Slouching causes the 
spine to curve 
outwards which puts 
pressure on the discs 
in spine.

• Feet not firmly on a 
footrest, pressure 
can build up. 

• Wrists and hands 
out line with 
forearms causes a 
static load in 
• Shoulders
• Arms
• Can lead to 

Upper back and 
Neck
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A toy assembly operator
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Sawing Operators
82

A sawing operator

Stress
- Physical workload 
- Environmental workload
- Psychological/Mental 

workload
- Other psychosocial effects

Physical Strain

Physiological Strain

Psychological/
Mental  Strain

Epidemiology
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How to identify the job stress

Subjective methods      
Objective methods
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How to measure job stress 

and evaluate risk?

Subjective methods
- Body Discomfort Mapping
- Standard Nordic Questionnaire, 
- Abnormal Index
- Biomechanical model
- NIOSH lifting equations
- RULA, REBA, OWAS
- Strain index 
- Others

Objective methods
- Electromyography (EMG) ………. 
- Oxygen consumption
- Heart rate ……..
- Body temperature 
- Goniometer …….
- CFF
- Reaction time
- Others
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Job stress studied in a sewing operation

(% of body part discomfort reported by workers, N=410)

Neck  (43.9%)
Shoulders  (53.2%)
Upper back (51.5%)
Upper arms (22.0%)
Elbows (4.4%)
Lower back (61.5%)
Lower arms/Forearms (7.8%)
Buttock (38.3%)
Hands and wrists  (13.2%)

Upper legs (25.1%)

Knees (26.6%)

Lower legs (44.6%)

Feet (19.8%)
From : N. Charoenporn (1994)
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Example of a body discomfort check 
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A simple biomechanical model

(to calculate spinal load)

88

Goniometer



89 Electromyography
(Surface EMG)

90

Heart Rate Monitor

91 Purpose of Manufacturing
Ergonomics

To match the Design of Equipment, Tools and Work 
Assignments to the Capabilities and Limitations of the 
Operators

To optimize Human Performance, Product Quality, 
Productivity, Health and Safety
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Human Characteristics

1. Physical Characteristics: 

2. Physiological Characteristics:

3. Psychological/ Psychophysical/ 

Cognitive Characteristics

4. Behavioral Characteristics
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1. Physical Characteristics

Static anthropometric data: 
size, length, width, weight, others

Dynamic Anthropometric Data : 
area or length of motions, reach 
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Physical Characteristics: Example

Different body height 

95 Anthropometric Data
& Workstation Design

96 Anthropometric Data: Example
Standing



97 Do we need more handles for 
users with different heights?

How can we select a suitable 
handle height?

How can we locate the handle 
height for different size of people 
?

How many should handles be 
installed?
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The solution for locating handles of 

the cupboards and cabinets

99 Anthropometric Data: Example
Sitting

100 Anthropometric Data: Example
Grip breadth 



101 Special Anthropometric Data
for Workspace

102 Recommendation of 
Working Height

Different heights of working surface & Different works
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2. Physiological Characteristics

Functional Characteristic
- Muscle neural control system
- Muscle contraction and effort
- Metabolism process and the system related to   
create energy in human body

Load Characteristic:
Muscle strength, endurance and fatigues
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Human Work & Physiology

Physiology &
Fatigue

Posture & Motion

Muscular effort

Energy, Heat & 
Metabolism

Blood need & 
flow

Heart rate

Biomechanics &
Strength

Others
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Percentage increase in energy consumption for 

different bodily postures. (Grandjean, 1998)

Compared with energy consumption lying down

106 Effects of static effort on energy consumption 
(measured by oxygen consumption) for three ways of 

carrying a school satchel.  Ref: Malhotra and Sengupta
(1965)

107 Physiological measurement: 
Example

Red area shows higher temperature because of higher 
blood flow.

White area presents lower temperature because lack of 
blood flow

108

Hand Strength & Grip Span
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3. Psychological/ Psychophysical/ 
Cognitive Characteristics

Sensory
Perception
Decision
Emotion
Cognitive
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3. Psychological/ Psychophysical/ 
Cognitive Characteristics

Sensory
Perception
Decision
Emotion
Cognitive
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4. Behavioral Characteristics

Spacious behavior 
characteristic

Operating behavior 
characteristic

Information behavior 
characteristic

Video to present a case study 
of human behavior 
in usability testing
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แบบจาํลองการพิจารณาความเสี่ยงทางการยศาสตร

โดยพิจารณาจากคุณลักษณะของมนุษย

ErgonomicsErgonomics
ConsiderationConsideration

สรีระวิทยาของรางกาย
การสรางพลังงาน

ระบบยอยอาหาร  ระบบเลือด
ระบบหายใจ 
ระบบขับถาย

ความเคยชิน นสิัย
พฤติกรรม

การแสดงออก

ขนาด รูปราง น้ําหนัก
ทาทาง  การเคลื่อนไหว

การใชแรง

การรับรู การคิด
การเขาใจ
การตัดสินใจ


