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* A 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 (International Ergonomics
Association, IEA)

REF

Sanders, M. S. and McCormick, E. J., 1987. Human Factors in Engineering and Design (6th ed.). NY: McGraw-Hill Book Company
https://iea.cc/what-is-ergonomics/



ANETEERES

@ * Human memory capacity
« The magic number (Miller, G. A., 1994)
+ window display ideas for fashion store 7 + 2

strategy apply to the design of a telephone book

? * Hand dominance /Hand use behavior/Muscle strength
+ for developing hand-controlled devices and systems (Jung, H. S., & Jung, H. S.,2009)

« push button

[ ]
T - Anthropometry
* Industrial settings design (Castellucci et al., 2020)

REF

Miller, G. A. (1994). The magical number seven, plus or minus two: Some limits on our capacity for processing information. Psychological Review, 101(2), 343-352.

Jung, H. S., & Jung, H. S. (2009). Hand dominance and hand use behaviour reported in a survey of 2437 Koreans. Ergonomics, 52(11), 1362-1371.

Castellucci, H., Viviani, C., Arezes, P., Molenbroek, J. F., Martinez, M., Aparici, V., & Dianat, I. (2020). Applied anthropometry for common industrial settings design: Working

and ideal manual handling heights. International Journal of Industrial Ergonomics, 78, 102963.
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Domains of Human Factors/Ergonomics

*  Human anatomy
* Physiology

* Anthropometrics
e Biomechanics

REF
https://iea.cc/what-is-ergonomics/
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Cognitive

Human computer interaction
Communication

Teamwork

Perception

Memory

Reasoning

Motor response

Organizational

* Participation
* Cooperation
e Socio-technical systems
* Environment



Physical Ergonomics
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Physical Ergonomics Studies/Common Tools

AEED /EJ_A7|-*I'E/EJ 7FF|'

* Body dimensions

- EMFENEEN 2D

* Motion data

* Force/Moment

* Observational method

- FEZHSA
+ EMG




Anthropometry

- NigsTHl : EEAEBBRZBEEEINER
c ERRT (SE -BE RE - FE) B 2MHAaE -  BxX|EE
RNEE - BRI EMuo K EE
« E#F T =0 (Garlie and Choi, 2014) 2| £ 5 = #1F#5 (Daanen and Ter, 2013)

REF
Garlie, T., & Choi, H. J. (2014). Characterizing the size of the encumbered soldier. ARMY NATICK SOLDIER CENTER MA.

Daanen, H. A., & Ter Haar, F. B. (2013). 3D whole body scanners revisited. Displays, 34(4), 270-275.
Mugisa, D. J., Katimbo, A., Sempiira, J. E., & Kisaalita, W. S. (2016). Anthropometric characteristics of female smallholder farmers of Uganda—Toward design of labor-saving

tools. Applied ergonomics, 54, 177-185.
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Anthropometry: ax

4 N

* EEG headset (Lacko, D., 2017)

\_ /
4 )

© oxygen mask (Lee, W. et al., 2013)

\_ %
4 )

- equipment and clothing for the US Army
(Yokota, M. et al., 2005)

- /

REF

Yokota, M. (2005). Head and facial anthropometry of mixed-race US Army male soldiers for military design and sizing: A pilot study. Applied Ergonomics, 36(3), 379-383.
Lacko, D., Vleugels, J., Fransen, E., Huysmans, T., De Bruyne, G., Van Hulle, M. M., ... & Verwulgen, S. (2017). Ergonomic design of an EEG headset using 3D anthropometry.
Applied ergonomics, 58, 128-136.

Lee, W.,, Jeong, J., Park, J., Jeon, E., Kim, H., Jung, D., ... & You, H. (2013). Analysis of the facial measurements of Korean Air Force pilots for oxygen mask design. Ergonomics,
56(9), 1451-1464. 9




*  Anthropometry: 2 E A0 EFR =

* Low birth weight newborns identification (Sreeramareddy, C. T., et al., 2008)

* Operation room design (Ordénez-Rios, M., et al., 2019)

REF

Sreeramareddy, C. T., Chuni, N., Patil, R., Singh, D., & Shakya, B. (2008). Anthropometric surrogates to identify low birth weight Nepalese newborns: a hospital-based study.
BMC pediatrics, 8(1), 1-6.
Orddiez-Rios, M., Salamea, J. C., & Robles-Bykbaev, V. (2019). Anthropometric evaluation and operation room design analysis for laparoscopic surgeries in cuenca, ecuador.

In Advances in Ergonomics in Design: Proceedings of the AHFE 2018 International Conference on Ergonomics in Design, July 21-25, 2018, Loews Sapphire Falls Resort at
Universal Studios, Orlando, Florida, USA 9 (pp. 190-200). Springer International Publishing. 10




Motion Tracking & Biomechanical Analysis

EHEASEREER (WAL~ BHRUES)EZEBPHUE - 2TAEED
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11



Motion Tracking: 5% 1 & FE

s fE F

* Design of the door panel of an automobile (Kim, Y., et al., 2019)

EEMHBABERAER
+ Assessment method: Post-stroke Gait (Mohan, D. M., et al., 2021)

* Ambulatory system for monitoring elderly (Najafi, B. et al., 2003)

REF

Kim, Y., Choi, E. S., Seo, J., Choi, W. S,, Lee, J., & Lee, K. (2019). A novel approach to predicting human ingress motion using an artificial neural network. Journal of
biomechanics, 84, 27-35.

Mohan, D. M., Khandoker, A. H., Wasti, S. A., Ismail lbrahim Ismail Alali, S., Jelinek, H. F., & Khalaf, K. (2021). Assessment methods of post-stroke gait: A scoping review of
technology-driven approaches to gait characterization and analysis. Frontiers in Neurology, 12, 650024.

Najafi, B., Aminian, K., Paraschiv-lonescu, A., Loew, F., Bula, C. J., & Robert, P. (2003). Ambulatory system for human motion analysis using a kinematic sensor: monitoring of
daily physical activity in the elderly. IEEE Transactions on biomedical Engineering, 50(6), 711-723. 2




Biomechanical Analysis: 5L {4 &

ZBERESNERE  KALEYNEREES S

+ L5/S1EAENRIB R EFR N EREREBIFEIER

BCF (back compressive force) =

HBAENEEH R H

+

Q= W
+

? N BEREVMHEBDTEEE

- ESREES=EHRIE
- EFRERETHERIERT
- EBEEMEENENE

REF

Merryweather, A. S., Loertscher, M. C., & Bloswick, D. S. (2009). A revised back compressive force estimation model for ergonomic evaluation of lifting tasks. Work, 34(3),

263-272.

3x(BW)xsin(6)+0.5x(LxHB)+0.8%((BW)+2+L)

HiZBReE ZBEIEE

NIOSH 770/1430lbs

(Merryweather, A. S., et al., 2009)

Moment (Nm)
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Biomechanical Analysis: 2 & 10 E8 FE L =

* Risk evaluation of nursing tasks in the hospital setting (Jang, R., et al., 2007)

* Patient handling strategy (Wiggermann, N., et al., 2021)

REF
Jang, R., Karwowski, W., Quesada, P. M., Rodrick, D., Sherehiy, B., Cronin, S. N., & Layer, J. K. (2007). Biomechanical evaluation of nursing tasks in a hospital setting.

Ergonomics, 50(11), 1835-1855.
Wiggermann, N., Zhou, J., & McGann, N. (2021). Effect of repositioning aids and patient weight on biomechanical stresses when repositioning patients in bed. Human

14

factors, 63(4), 565-577.
|




Observational Methods

- BEXGMHBAEFEAE - BRBELHMIRSARTRPZAEEE G5 18BE
ELXZZ%J‘H‘ ZER1E LHHB 12E 2 FEr -

RULA- Rapid Upper Limbs Assessment
* OWAS- Ovako Working Posture Analysis System
* REBA- Rapid Entire Body Assessment
* NIOSH Lifting Equation

REF
McAtamney, L., & Corlett, N. (2004). Rapid upper limb assessment (RULA). In Handbook of human factors and ergonomics methods (pp. 86-96). CRC Press. 15




Observational Methods: 5% 1 & FF

ZRTNBDERRIETAR ZEERERZEE - HEFARRIEEREAAR
TEEER MAZTEABRHE LIEERES TEER

Kulkarni, V.S., Devalkar, R., 2019. Postural analysis of building . Dockrell, S., O'Grady, E., Bennett, K., Mullarkey, C., Mc Connell, R., Ruddy, R., Twomey, S., . Gomez-Galan, M., Pérez-Alonso, J., Callején-Ferre, A.-)., Lopez-
construction workers using ergonomics. International Journal of Flannery, C., 2012. An investigation of the reliability of Rapid Upper Limb Assessment (RULA) Martinez, J., 2017. Musculoskeletal disorders: OWAS review.
Construction Management 19, 464-471. as a method of assessment of children's computing posture. Applied ergonomics 43, 632- Industrial health 55, 314-337.

Kusuma, T.Y.T., 2020. Analysis of body posture using Rapid Entire Body 636.

Assessment (REBA) and Rapid Upper Limb Assessment (RULA) to . Widiyawati, S., Lukodono, R.P., Lustyana, A.T., Pradana, I.A., 2020. Investigation of the risk

improve the posture of sand paper machine operators and reduce the of daily officer work posture based on rapid upper limb assessment (Rula) method.

risk of low back pain. Biology, Medicine, & Natural Product Chemistry 9, International Journal of Human Movement and Sports Sciences 8, 24-31.

21-25.

‘ EEHRAERREET R ?
R R EAE 7 =B RIECE k1% ?

«  FEBG - MR BB EN R M 2 A EE

- SEEDITAB LEREERGE « BRRNBRABZIFERERE
- WMRZEAEBREBEETNEHEEFE -

BEHERAME
Using NIOSH lifting equation to investigate when is it safe to manually lift a patient ( Waters, T. R., 2007)

REF
Waters, T. R. (2007). When is it safe to manually lift a patient?. AJN The American Journal of Nursing, 107(8), 53-58.



Electromyography (EMG)

M@t ZBHEFENUBEENE UL STAHEE M EEB=R &
(Electromyography, EMG) *'J%HQW%WEEQHE’JLEI FiBRERETEED
o DINRIEFIREE -

- EAMZEE(indwelling electromyography, iEMG)
- =MEAEE (surface electromyography, SEMG)

17



Electromyography (EMG) : % &

L& A
* Supermarket sector handling material (Skals S., et al., 2020)

* Worker performing shingle installation (Dutta A., et al., 2020)
EERMHEAERAMTE

 Design of an Infusion set connector tool

REF

Skals, S., Blafoss, R., Andersen, M.S., de Zee, M., Andersen, L.L., 2021. Manual material handling in the supermarket sector. Part 1: Joint angles and muscle activity of
trapezius descendens and erector spinae longissimus. Applied Ergonomics 92, 103340.

Dutta, A., Breloff, S.P., Dai, F., Sinsel, E.W., Warren, C.M., Carey, R.E., Wu, J.Z., 2020. Effects of working posture and roof slope on activation of lower limb muscles during
shingle installation. Ergonomics 63, 1182-1193

Garosi, E., Mazloumi, A., Kalantari, R., Vahedi, Z., & Shirzhiyan, Z. (2019). Design and ergonomic assessment of an infusion set connector tool used.in nursing work. Applied
ergonomics, 75, 91-98.




Cognitive Ergonomics
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Cognitive Ergonomics Studies/Common Tools

- BI0ESE S
* Heart rate variability

* EEG

+ Other signals (ex. skin temperature, ...)

- RBBIEE /LS

* Eye movement

* Attentional resource allocation

- FHE /B OSamEE
* Task Load Index
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- BESHER: LB

* Heart rate variability
+ Mental stress evaluation among employees (Orsila, R., et al., 2008)

* Driver fatigue indicator (Egelund, N., 1982)

- EEG
* Emotion recognition (Yang, Y., et al., 2021)

+ Sleepiness evaluation for night driving (Papadelis, C., et al, 2006)

REF

Orsila, R., Virtanen, M., Luukkaala, T., Tarvainen, M., Karjalainen, P., Viik, J., ... & Nygard, C. H. (2008). Perceived mental stress and reactions in heart rate variability—a pilot
study among employees of an electronics company. International Journal of Occupational Safety and Ergonomics, 14(3), 275-283.

Egelund, N. (1982). Spectral analysis of heart rate variability as an indicator of driver fatigue. Ergonomics, 25(7), 663-672.

Yang, Y., Gao, Q., Song, Y., Song, X., Mao, Z., & Liu, J. (2021). Investigating of deaf emotion cognition pattern by EEG and facial expression combination. IEEE Journal of
Biomedical and Health Informatics, 26(2), 589-599.

Koelstra, S., & Patras, . (2013). Fusion of facial expressions and EEG for implicit affective tagging. Image and Vision Computing, 31(2), 164-174.
Papadelis, C., Kourtidou-Papadeli, C., Bamidis, P. D., Chouvarda, |., Koufogiannis, D., Bekiaris, E., & Maglaveras, N. (2006, August). Indicators of sleepiness in an ambulatory
EEG study of night driving. In 2006 international conference of the IEEE engineering in medicine and biology society (pp. 6201-6204). |EEE. 22




- BinEZSEEN: BEMEEEREE

* Indication of surgical team’s stress
- Different surgeries (Rieger, A., et al., 2014)

« Effect of technique (Conventional/Laparoscopic), function (Surgeon/Assistant), and
expertise (Experienced/Less experienced) (B6hm, B., et al., 2001)

REF

Rieger, A., Stoll, R., Kreuzfeld, S., Behrens, K., & Weippert, M. (2014). Heart rate and heart rate variability as indirect markers of surgeons’ intraoperative stress. International
archives of occupational and environmental health, 87, 165-174.

Bohm, B., Rotting, N., Schwenk, W., Grebe, S., & Mansmann, U. (2001). A prospective randomized trial on heart rate variability of the surgical team during laparoscopic and

conventional sigmoid resection. Archives of Surgery, 136(3), 305-310. 23
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* Gaze position
* Area of interest (AOI)

A (s & F

* Layout design of print advertisements (Damaskinidis, G., et al., 2018)

SRR ERTE

* Developing a simulator to a clinical operating room (Pawelke, C., et al., 2022)

Photo sources:

https://medium.com/kainos-applied-innovation/eye-tracking-a-new-era-for-vr-or-just-another-gimmick-115flad7e441
http://www.philjonesgeography.co.uk/blog/hacking-together-an-eye-tracker

REF

Damaskinidis, G., Kourdis, E., Zantides, E., & Sykioti, E. (2018). Eye-tracking the semiotic effects of layout on viewing print advertisements. Public Journal of Semiotics.
Pawelke, C., Merkle, F., Kurtovic, D., Gierig, S., & Miller-Plath, G. (2022). Comparison of a perfusion simulator to a clinical operating room: evaluation of eye tracking

data and subjective perception. A pilot study. Perfusion, 37(1), 19-25. 24



https://medium.com/kainos-applied-innovation/eye-tracking-a-new-era-for-vr-or-just-another-gimmick-115f1ad7e441
http://www.philjonesgeography.co.uk/blog/hacking-together-an-eye-tracker
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NASA Task Load Index
EEEEEREE

* Measuring workload of ICU nurses
 using NASA TLX (Hoonakker, P., et al., 2011)

Photo sources:
https://humansystems.arc.nasa.gov/groups/TLX/

REF

Hoonakker, P., Carayon, P., Gurses, A. P., Brown, R., Khunlertkit, A., McGuire, K., & Walker, J. M. (2011). Measuring workload of ICU nurses with a questionnaire survey:
the NASA Task Load Index (TLX). IIE transactions on healthcare systems engineering, 1(2), 131-143.
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Organizational Ergonomics
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Organizational Ergonomics Studies/Concepts

* Known as macro-ergonomics; the scope is large: think big(ger) and think systems
(Holden, R. J,, et al., 2015)

* Fundamental characteristics (Dul, J., et al., 2012)
* It takes a systems approach

* It is design driven

* It focuses on two related outcomes: performance and well-being

REF

Holden, R. J., Rivera, A. J., & Carayon, P. (2015). Occupational macroergonomics: Principles, scope, value, and methods. IIE transactions on occupational ergonomics and
human factors, 3(1), 1-8.

Dul, J., Bruder, R., Buckle, P., Carayon, P., Falzon, P., Marras, W. S., ... & van der Doelen, B. (2012). A strategy for human factors/ergonomics: developing the discipline and
profession. Ergonomics, 55(4), 377-395. 27
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Methods and Approaches: & F 225

* Ergonomic Work Analysis (Szenlwar and Hubault, 2015): ASJR] ERRIFES
IWAEER ERIFEEE -

« knowing what people actually do at work in order to fulfill production goals

+ especially considering that there is always a gap between what was proposed and
considered in task design and the real situation
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ZEHEAEREE from organizational ergonomics perspective

- Patient safety interventions

* Conceptual framework based on principles of organizational ergonomics (Schutz, A. L.,
et al., 2007)

REF

Sznelwar, L. I., & Hubault, F. (2015). Work activities as a resource for work organization design and for strategic decisions?. IIE Transactions on Occupational Ergonomics and
Human Factors, 3(1), 37-44.

Schutz, A. L., Counte, M. A., & Meurer, S. (2007). Assessment of patient safety research from an organizational ergonomics and structural perspective. Ergonomics, 50(9), 8
1451-1484, 2
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™ 2| < Pin-Ling Liu, Ph.D.
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