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ABSTRACT

Objective: The aim of this paper is to classify and characterize the existing physical stress evaluation
methods related to the ergonomics analyses of computer input devices. Background: Over the past few decades,
the field of computer input device design has gone through rapid advances and various physical stress
evaluation methods have been developed. However, an established classification of the existing physical stress
evaluation techniques does not seem available at this point. A systematic review of the advances during the past
three decades and a classification of the physical stress evaluation methods based on it would help researchers to
better plan and perform physical stress evaluation for different input devices to be developed. Method: We
collected and examined the studies that are related to the ergonomic design and evaluation of input devices such
as keyboard, mouse, joystick, trackball, touchscreen, etc. The collected studies were reviewed with a focus on
the methodology used for physical stress evaluation and different physical stress evaluation methods were
identified. Then, the physical stress evaluation methods were sorted into categories according to similarities and
each category was characterized in terms of purpose, strengths and limitations. Application: This paper will
help researchers and practitioners understand the existing physical stress evaluation methods and thereby better
plan and perform studies for physical stress evaluation of input devices.
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3. Results & Discussion

3.1 Type of Input Device

Table 1 Input Device®™ <AT° FE&
LFEFA ). Mobile Devicei= Hand-Held DeviceE
33l ©=Z, Smart Phone, Table PC, Touch-
Screen Based PDA 5°| &3t} Keyboard®l
tfst A7} 2274, Mouseo] thak A7} 174,
Mobile Deviceoll thst -7} 1371, Digital Pen®]|
thet AA7F 37, Track-Ballell o8t A7} 374,
Track-Pointel]  thst A77F 1=
Device' 2 & 59719 A7} At

Input

Figure 1. & %o @& Input Device' A
°l& EojFt}.  Keyboard}
Mouse®] -9 °F7te]l F7bo] glou; HE3)

F7tEa Sl As = 7 dnh olAE
theFst Input Devicesol 7N QlSeol®

E78kaL ]3] Keyboard?} Mouse’} 7
g8 AREHIZ 91om, Workstation®] 7}
7122 847 H7] wolth 2006 o] %=
Mobile Device?] 77} FEEAA S7Fshs=
e B T Stk

A 7L Input Device|

1

0

~2000 2001~2005 2006~2010 011~
F Keyboard 'Mouse N Mobile device FDigital pen FTrack-hall 3 Track point

L]

el

Figure 1. Input Device®® A4 =



Table 1. Input Device'™® QT+ =

2=
m

o

Device

Number

Study

Keyboard
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(Blackstone, Karr, Camp, & Johnson, 2008; Bufton, Marklin,
Nagurka, & Simoneau, 2006; C. Cook, R. Burgess-Limerick, & S.
Papalia, 2004; Catherine Cook, Robin Burgess-Limerick, & Shona
Papalia, 2004; Cooper & Straker, 1998; M. J. Gerard, Armstrong,
Franzblau, Martin, & Rempel, 1999; Michael J. Gerard, Jones, Smith,
Thomas, & Wang, 1994; Gilad & Harel, 2000; Hedge, Morimoto, &
McCrobie, 1999; Huang, Cheng, & Lin, 2012; K. Kotani, Barrero, Lee,
& Dennerlein, 2007; Lin, Liang, Lin, & Hwang, 2004; McLoone et al.,
2009; Nag, Pal, Nag, & Vyas, 2009; Rempel, Barr, Brafman, & Young,
2007; Rempel, Nathan-Roberts, Chen, & Odell, 2009; Rempel et al.,
1997; Carolyn M Sommerich, Starr, Smith, & Shivers, 2002; van
Galen, Liesker, & de Haan, 2007; Woods & Babski-Reeves, 2005;
Zecevic, Miller, & Harburn, 2000; Zhu & Shin, 2012)
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(Aaras & Ro, 1997; Blackstone et al., 2008; Blatter & Bongers,
2002; Burgess-Limerick, Shemmell, Scadden, & Plooy, 1999; C. Cook,
Burgess-Limerick, & Chang, 2000; Catherine Cook et al., 2004; C. J.
Cook & Kothiyal, 1998; Cooper & Straker, 1998; Dennerlein &
Johnson, 2006; Harvey & Peper, 1997; Jensen, Finsen, Segaard, &
Christensen, 2002; Lena Karlqvist et al., 1999; L. Karlqvist, Hagberg,
& Selin, 1994; Keir, Bach, & Rempel, 1999; Miiller et al., 2010;
Quemelo & Vieira, 2013; Carolyn M Sommerich et al., 2002)
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Jeong Ho Kim, Aulck, & Johnson, 2012; Ko, Kim, & Woo, 2013;
Pereira, Miller, Huang, Odell, & Rempel, 2013; Shin & Zhu, 2011; C.
M. Sommerich, Ward, Sikdar, Payne, & Herman, 2007; Trudeau,
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Dennerlein, 2013)
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Keyboardol| A 9} w}zb7}2] 2 Wrist Rest®] AR
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3.3. Physical Stress Evaluation Method
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Table 3. Input Device'® Physical Stress Evaluation Method &8 RI%: 9 8%

Motion Electro Video . Load Force Pressure Discomfort . .
EMG Analysis Goniometer Analysis Observation Cell Platform Transducer Rating Questionnaire
Kevboard 15 6 7 3 1 4 0 0 11 1
Y (68.2) (27.2) (31.8) (13.6) 4.5) (18.2) ) (U] (50) 4.5)
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Total 38 15 16 7 3 4 1 1 28 6
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of Discomfort, Daily Device Use And Posture = ©]
g dRE B w32 73U

4. Conclusion

t}eFst  Input Device=2] Physical — Stress
MeasurementE 2 A St 51712 A5 AESI]
Type of Input Device, Purpose of Physical Stress
Evaluation, Physical Stress Evaluation Method%&
7102 &3l B8k} Type of Input Device = =
Keyboard(2271), Mouse(1771), Mobile
Device(1371), Digital Pen(371), Track-Ball(371),
Track-Point(171)7} 313 ©.™(Table 1), & 597} 9]
Input Device”} BH7FE L, o]o] sl AT
FolE &le = SASATH(Figure 1).

Purpose of Physical Stress Evaluation’s & 47}%]

35+ (Design Comparison/ Device Comparison/
Workstation ~ Comparison/  General — Usage)”}
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Independent  Variablese %% &

21 1 T} (Table 2)
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HIE9l F8 55 Input DevicedZE g7 8 4
AL, o] ZHE Input Device®} 4 7IHE
7o) BAE ok 5 9lATH(Table 3)
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