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Subjective Assessment Form

Ergonomics Lab Experiment: Laberartory Study of Mobile [T Configurations in a Truck Cab
Subject ID: Date: Location:

1. How uncomfortable or comfertable was completing the tasks with the laptop in this location

a 2 A = [ 7
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Please rank the four configurations overall from 1 to 4, with 1 — most preferred and 4 — least preferred




Data Collection Form

Subject ID (=g SO1, SO2_ ete): Date:

Laboratory Study of Mebife IT Configurafions
In Truek Cabs
Data Ceollection

Presentstion Order of Mob:le IT Configurations (ABCD):

Presentation Order of Seripts (ABCD):

Maxarial. I:IDt-llUid'_-. :ITl'apex_iu.s D Pecloralis I:IEJEL'[UI Spinae I:‘GUILi:J].Il&‘lt‘I':

117

Kesting: Dﬁtandjng D Sitting
Config File Type File Namces Seq. IO Description/Comments
Video
A
Laptop
Monnted
over
Passenger i
Saat Rinmetrics
Video
B.
Laptop
Mounted
Over Post .
Rinmetrics
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Config File Type File Names Seq. I/'O Description/Comments
Video
C:
Screen Mounted
to Dashboard
with Separate
Keyboard Biometrics
Video
D:
Laptop Mounted
Next to Steering
Wheel
Biometrics
Config: A Sequence | Time (s) | Misses Config: C Sequence | Time (s) | DMisses
Squares Task Squares Task]
Letter Task Letter Task
Config: B Sequence | Time (5) | DMisses Config: D Sequence | Time (5) | DMisses
Squares Task] Squares Task|
Letter Task Letter Task




Anthropometry Data Form

Subject ID {e.g. SO1. SO2, ete.):

Laboratory Study of Mebile IT Configurations
In Truck Cabs

Date:

Anthropometric Dimensions

Gender:

Race: Whire (non-Hispanic) Black (Afiican-American) Hispanic Asian

Standing Dimensions

ArmLength

Sitting Dimensions

Sitting Height (from seatpan) ..............cocoieiiiiiis,
Shoulder Height (from seatpan) ... .
Trunk depth (at abdomen). ...
Buttock-Knee Length ...
Buttock-Popliteal Length ...
KneeHeight ... . ..
Popliteal Herght . ...
Shoulder Breadth (outside of shoulders) ... ... ...
Interscye Breadth (betweenarm pits)........................_.

HipBreadth.. ... e,

Comments:

Hand Domunance:

R L

Native American  Other

Ibs

1

cm

cim

Ccimn

Cill

cm

Ciin

cim

cm

cim

cim

cm
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Reimbursement Form

Laboratory Study of Mobile IT Configurations
In Truck Cabs
Reimbursement Acknowledgement

L have completed mv participation in the laboratory study of Mohbile IT

configurations as determined by the investigators. By signing this form I am acknowledging that T understand that

will receive pavment for my participation in the form of a check mailed to the address I provided.

Participant Signature Date

Investigator Signature Date

This form will be stored along with your consent formin a locked file cabinet separate from all other forms and data

collected in this experiment.
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13 APPENDIX D: BACKGROUND INFORMATION OF
SUBJECTS
Table 13.1. Occupation and health background informationastipipants
Subject Years (Injury/lliness

ID Date Age | Gender Occupation |in Occ.| History Comments Currently
S014/6/2010 22 F Student 4 Yes Femur stress fragtureNo
S024/13/2010 22 M Student 4 Yes Small Muscle StrainsNo
S034/20/2010 20 F Student 2 No No
S044/27/2010 34 M Lineman 13 Yes Shoulder Surgery No
S055/4/2010 43 M Lineman 21 No No
S065/12/2010 54 M Troubleman 4 No No
S075/13/2010 33 M Lineman 10 Yes Hip Fracture No
S085/20/2010 49 M Lineman 18 Yes Rotator Cuff No
S096/8/2010 58 M Lineman 25 Yes Broken Wrist/ankle No
S106/9/2010 51 M Lineman 22 No No
S$116/10/2010 29 M Troubleman Yes Tennis Elbow No
S126/24/2010 21 M Student Yes Stress Fracturgs N
S136/25/2010 21 F Student No No
S$146/30/2010 48 M Lineman 27 Yes Shoulder No
S157/1/2010 31 M Troubleman 0 No No
S167/7/2010 43 M Lineman 22 Yes Disc Surgery No
S177/19/2010 31 F |Sales for a bapk 2 No No
S187/23/2010 40 F Student 3 No No
S197/27/2010 29 M Engineer 5 No No
S2Q7/28/2010 21 F Student 3 No No
S$218/9/2010 34 M Engineer 4 No No
$228/10/2010 22 F Student 4 Yes Broken Femur, No




14 APPENDIX E: ANTHROPOMETERY OF SUBJECTS

(RAW DATA)

Table 14.1. Raw demographic and background information

Years at Hand
Subject Date |AgeGendern Race | Current Job |Current Job|Dominance

S014/6/2010 22| F White Student 4 R
S024/13/201022| M White Student 4 R
S034/20/201020| F White Student 2 R
S044/27/201034| M White Lineman 13 R
5095/4/2010 43| M White Lineman 21 L
S065/12/201054| M White | Troubleman 4 R
S075/13/201033| M White Lineman 10 R
5085/20/201049| M White Lineman 18 R
S096/8/2010 58| M White Lineman 25 R
S106/9/2010 51| M White Lineman 22 R
S116/10/201029| M White | Troubleman R
S$126/24/201021| M White Student L
S136/25/201021| F White Student R
S146/30/201048| M White Lineman 27 R
$1857/1/2010 31| M White | Troubleman 0 R
$167/7/2010 43| M White Lineman 22 R
S177/19/201031 F White | Sales for a bapk 2 R
S1§7/23/201040| F White Student 3 R
S$197/27/201029| M |[Hispani¢ Engineer 5 R
S2Q07/28/201021| F White Student 3 R
S218/9/2010 34| M White Engineer 4 R
$228/10/201022| F White Student 4 R
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Table 14.2 Summary statistics of the anthropometric varialfide the utility workers, general population,
and combined sample.

workérs Popuaton SOTed workérs Popuiion COTbied
(n=11) (n=11) (n=11) (n=11)

@ |Mean 89.3 63.6 764 | ¢ |Mean 60.6 56.7 58.7
= sD 9.8 12.0 169 | ¥ | sp 32 2.0 3.3
% Min|  74.9 46.0 460 | 8§92 | Min| 545 54.1 54.1
= Max| 106.0 84.8 1060 | 33 | Max 65.9 59.9 65.9
= Mean 177.6 165.0 171.3 . — £ |Mean 49.4 46.7 48.0
S | s 53 6.4 86 |82 s 28 1.9 2.7
2 Min| 169.2 157.6 157.6 § §‘% Min| 43.9 43.4 43.4
7 Max| 187.0 178.0 187.0 - | Max| 54.0 49.3 54.0
£ |Mean 848 76.1 80.5 | £  |Mean 547 50.2 52.5
i E SD 5.8 3.4 64 | O £ SO 2.6 2.4 3.4
g | Min 723 71.3 713 | §= | Min| 49.9 47.0 47.0
< Max| 95.5 82.0 955 | ¥ Max| 60.3 55.4 60.3
5 Mean 92.6 87.3 89.9 | _ g |Mean 438 41.1 42.4
£z | sy 31 3.1 41 | &= | sp 18 2.5 2.5
2% | Min| 885 83.5 83.5 §§v Min| 39.9 37.0 37.0
& Max| 98.0 935 98.0 T | Max| 46.0 44.8 46.0
¢ F |Mean 792 75.4 773 | _E |Mean 480 42.0 45.0
W= | sp 23 2.9 32 | 22| sp 22 3.5 4.2
£5 | min| 755 71.6 716 | 28 | Min| 446 37.6 37.6
ST [Max| 824 80.4 824 | " & | max| 525 47.9 52.5
o = Mean 61.9 58.7 60.3 o g Mean 35.1 28.9 32.0
S2 | sp 24 2.2 28 | §c | SD 29 2.4 4.1
&E) % Min| 58.5 55.1 551 | 2% | Min| 308 26.6 26.6
T | Max| 656 62.8 65.6 @ | Max| 395 34.1 39.5

< Mean  25.1 20.4 227 | £ Mean  37.5 34.4 35.9
= | so 28 3.8 41 | §= | so 23 3.3 3.2
€= | Min| 199 15.3 153 | @2 | Min| 343 31.0 31.0
= Max| 28.5 27.4 285 | T Max| 41.1 42.0 42.0
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Table 14.3. Summary statistics of the anthropometric varialfibe the general population males and

females.
Gen. Pop. | Gen. Pop. Gen. Pop. | Gen. Pop.
Male Female Male Female
(n=4) (n=7) (n=4) (n=7)
7 | Mean  68.1 61.0 8% | Mean 573 56.4
= SO 133 1ns | ¥ sp 23 2.0
= 0 =
2 Min|  54.3 46.0 92 Min| 545 54.1
5 0
= Max| 848 80.6 8- | Max] 599 59.3
= Mean 170.7 161.7 — g | Mean 46.6 46.7
S, %8S
o SO 5.6 4.3 5 S s 1.9 2.1
= Min| 164.6 1576 | 302 Min 44.8 43.4
8 ma g
2 Max| 178.0 169.4 - | Max| 483 49.3
= Mean 785 74.8 £ Mean  52.0 49.1
§ = Sp 31 3.0 TE SO 24 1.9
=< | Min| 745 71.3 = Min| 50.1 47.0
= [
< Max|  82.0 81.1 X Max| 55.4 52.6
= Mean  90.6 85.4 '€ | Mean 429 40.0
=y s 25 15 2= sb 18 2.4
o<
2= Min| 87.7 83.5 §.g Min| 41.1 37.0
o Max| 935 87.3 T Max| 44.8 42.9
oF | Mean 782 73.8 . E | Mean 450 40.4
G L 9O,
. sp 23 1.7 S SD 25 2.9
_C e
£2 | Min| 759 71.6 273 Min|  42.0 37.6
P I Max|  80.4 76.2 @ Max|  47.9 46.2
. E | Mean 60.8 57.5 o E | Mean  30.3 28.0
DG > .2
2= sp 1.8 1.4 = SD 3.0 1.6
ey o =
&E) 2 Min| 58.5 55.1 £ § Min| 26.8 26.6
T Max| 62.8 59.7 @ Max| 34.1 31.1
£ Mean  20.3 20.5 £ Mean  33.8 34.8
AT SO 4.0 4.1 e sp 27 3.8
€< | Min| 166 15.3 M2 | Min| 313 31.0
F Max|  25.4 27.4 T Max 37.5 42.0
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The following abbreviations for the anthropometrariables are used ifable 14.4 St — Stature; AL —
Arm Length; S H — Sitting Height; S E H — Sittingd=Height; Sh H — Sitting Shoulder Height; T D —
Trunk Depth; B-K L — Buttock-Knee Length; B-P L wBock-Popliteal Length; K H — Knee Height; P H —
Popliteal Height; Sh B — Shoulder Breadth; | B tefaceye Breadth; H B — Hip Breadth; W — Weight

Table 14.4. Raw anthropometric data of all subjects

St |AL |SH SHE ShH |TD|B-KL|B-PL|KH| PH | ShB| IB |HB | W
Subject| [cm] |[cm] [[cm]|[cm] | [ecm] |[cm]| [ecm] | [cm] [[cm]]| [cm] | [cm] | [ecm] | [cm] | [kg]
S01158.5 73.3|85.5/74.6| 58.5 | 17.5 55.4 | 454| 47.9 37.7 | 37.6| 27.7| 32.7 53
S02164.6 74.5|87.7|76.5| 58.5 | 16. 54.5| 44.8| 50.4 41.5| 42.0| 26.8| 32.6 54
S03157.6 71.3|86.5|76.2| 59.7 | 18.1 54.2 | 45.1| 47.0 37.0| 385| 27.4| 32.9 55
S04169.2 72.3/91.9/82.0| 63.4 | 28.4 54.5| 43.9| 49.9 39.9| 46.7| 33.6/ 34.3 80
S05187.0 95.5/97.0{82.4| 65.6 | 28.2 65.9 | 54.0| 60.3 46.0 | 49.4| 395 40.9 1086.
S06173.0 84.9/90.4| 77.0| 59.5 | 28,54 63.9 | 51.8| 54.3 426 | 46.3| 34.6| 38.5 99
S07177.1 86.9|/93.7/81.8| 63.5 | 26. 60.6 | 50.6| 54.0 42.5| 50.2| 39.0/ 38.8 96
S08172.4 82.4|/89.6|77.5| 59.4 | 243 58,5 | 47.1| 52.7 42.9 | 48.7| 328/ 37.1 81
S09174.7/83.0|88.5|75.5| 60.5 | 19.9 61.0 | 49.0| 54.3 43.5| 44.6| 30.8/ 36.1 74
S10183.7/91.0|/98.0{80.5| 63.5 | 25.5 60.3 | 49.6| 57.1 45.7| 47.1| 35.7| 41.1 93
S11178.0 82.7|94.2/78.8| 61.2 | 25.3 60.0 | 47.5| 53.7 43.9 | 47.2| 332 36.% 84
S12178.0 79.1/93.5/80.4| 62.8 | 17.4 59.9 | 48.3| 55.4 448 | 44.4| 30.0f 31.3 61
S13164.8 74.5|86.2| 74.5| 57.4 | 15.3 54.1 | 43.4| 49.6 429 | 385| 26.7| 31.0 46
S14182.1 86.3/94.4/78.9| 64.9 | 23.4 61.3 | 50.0| 55.4 45.0 | 48.0| 35.3] 36.0 94
S$15179.5 85.4|/89.5/76.9| 58.5 | 25.4 63.1 | 52.3| 55.9 45.0 | 52.5| 39.1] 345 92
S16177.2 82.7|91.0{80.0| 60.4 | 20.§ 57.2 | 47.6| 54.% 445 | 46.9| 32.8/ 38.5 79
S$17158.2 74.6|83.5/71.6| 56.8 | 21.3 56.6 | 47.6| 50.2 41.0 | 39.3| 27.4| 37.0 69
S$18169.4 81.1|85.6/72.5| 57.9 | 20.1] 59.3 | 49.3| 52.6 42.8 | 41.1| 26.6/] 32.3 57
S19168.9 82.0/89.6|75.9| 60.3 | 21.7 56.6 | 45.2| 50.1 41.1| 455| 30.3| 33.7 71
S20161.5 74.6|87.3|74.8| 57.3 | 27.4 58.5| 48.7| 47.% 38.4 | 46.2| 31.1| 42.0 80
S21171.4 78.4/91.4/79.9| 61.4 | 25.4 58.1 | 48.1| 51.9 44.0| 479| 341 37.% 84
$22162.1 74.2|183.5/72.3] 55.1 | 23.§ 57.0 | 475| 49.2 405 | 41.3| 29.3] 355 64

o U1 W ©

o

0 0O OO 00 O U1l b O O O W Ul W ©W 0 © O
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15 APPENDIX F: COMPLETE ANOVA RESULTS FOR
BIOMECHANICS ANALYSIS

Total
11x2x4x2=176

@ Corrected Total

W0x1=20
Error
20x3=460

Figure 15.1. Degrees of freedom break down for three-way ANOVA

Error
20x3x1=460

The breakdown of the degrees of freedom for the three-way mixed model analysis
was based on Stevens, 206g(re 15.1). The three-way analysis was used for the right
side upper extremity dependent variables (pectoralis major, middle deltoid, upper
trapezius, wrist ext/flex and uln/rad deviation, and elbow flexion) and trunk dependent
variables (left and right erector spinae, shoulder angle and displacement, and hip

displacement).
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Total
11x2x4=58§

Corrected Total

20x3x1=a60

Figure 15.2. Degrees of freedom breakdown for two-way ANOVA

The breakdown of the degrees of freedom for the two-way mixed model (Size and
Location) analysis was based on Turner and Thayer Zogar¢ 15.2. The two-way
analysis was used for the left side upper extremity dependent variablesglieotajor,
middle deltoid, upper trapezius, wrist ext/flex and uln/rad deviation, and elbow flexion)
Task was not included for the left side upper extremity as the left hand wasddbus

the pointing tasks. This analysis only uses the keyboard data.



Table 15.1. P-values for each effect (S — size, L —
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locatibr, task) from the mixed model ANOVA. P-

values in bold with red shading are <0.05. Lepepextremity dependent variables did not inclus t
for analysis (black cells)

Dependent Variable S L T SxL| SXT| LxT |SXLxT
R Pectoralis Major|0.0533 0.0118| 0.0721| 0.24910.4081 <0. 0001 0.4964
L Pectoralis Major|0.1817 0.4092
:‘; R Middle Deltoid|0.4508 0.0015
g L Middle Deltoid|0.2061] 0.0093 0.270
ﬁ R Upper Trapeziug0.4735 0.0002
§ L Upper Trapezius|0.2030 0.4333
R Erector Spinag0.9725 0.0711| 0.0055|0.08140.1710 <0.0001 0.7174
L Erector Spinae 0.9816 <0.0001{ <0.00010.4009 0.6806 0.0106| 0.2518
- R Wrist Ext/Flex|0.6926 <0.0001] 0.0006|0.33580.1455 <0. 0001 0.4002
E L Wrist Ext/Flex |0.1677 <0.000
§ R Wrist UIn/Rad Deviation|0.7258 <0.000
Z L Wrist Uln/Rad Deviation|0.0992 <0.000
% R Elbow Flexion 0.0688 <0.000
= L Elbow Flexion|0.0283 <0.000 0.067
; Shoulder Anglg 0.5544 <0.0001] <0.0001]0.22770.0965 <0.0001 0.0050
S Shoulder Displacement0.3449 <0.0001] 0.1939| 0.77460.1774 0.0002| 0.2296
Hip Displacement0.7151/<0.0001] 0.1984| 0.89500.3848 0.2476| 0.2262




Right Pectoralis Major

Table 15.2. Summary statistics of right pectoralis major (%@)\Mn=22)
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Location
A B C D Mean/S.D. of Keyboard
Mean 1.540% 1.490% 2.390% 1.160% 1.640% 1.320%0
Keyboard S.D. 0.990% 1.030% 1.850% 0.920%
Min 0.350% 0.120% 0.280% 0.120%
Task Max 3.330% 3.340% 6.650% 3.140%
Mean 1.770% 2.250% 1.890% 1.750%] Mean/S.D. of Touchscree
Touchscreen S.D. 1.210% 1.950% 1.620% 1.400% 1.920% 1.560%6
Min 0.070% 0.170% 0.220% 0.220%
Max 4.520% 7.950% 6.670% 5.010%
Mean/S.D. of 1.650% 1.870% 2.140% 1.450% Grand Mean/S.D.
Location 1.100% 1.590% 1.730% 1.210% 1.780% 1.440%0
Table 15.3. Three-way ANOVA results of right pectoralis major22)
ss DOF MS F P Observed
power
Intercept 0.05572 1 0.05572 56.18756 <0.0001 1.000Q0
Size 0.00418 1 0.00418 4.21942 0.0533 0.4981)2
Error 0.01983 20 0.00099
Task 0.00033 1 0.00033 3.60641 0.0721] 0.43960
Task*Size 0.00006 1 0.00006 0.71405 0.4081] 0.12690
Error 0.00181 20 0.00009
Location 0.00116 3 0.00039 3.98013 0.0118 0.81109
Location*Size 0.00041 3 0.00014 1.40856 0.2491 0.35529
Error 0.00583 60 0.00010
Task*Location 0.00103 3 0.00034 11.89741 <0.0001 0.99938
Task*Location*Size 0.00007 3 0.00002 0.80422 0.4965| 0.21346
Error 0.00174 60 0.00003
Vertical barsdenote 0.95 confidence intervals
4%
3%
&) -
% 3%
il
5
(1]
E 2%
E
=]
a 2%
o
1%
1%
. & B £ ¥Keyboard
Location T TTouchsreen

Figure 15.3. Plot of Location/Task interaction means for rigkttoralis major (%MVC)
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Table 15.4. Post-hoc comparison of Location/Task means fgtpectoralis major (n=22)

A (Key) A (Touch) B (Key) B (Touch) C (Key) C (Toud) D (Key) D (Touch)
A (Key) 0.8248 1.0000 0.0011 0.0002 0.3679 0.2894 0.8973
A (Touch) 0.6599 0.0785 0.0073 0.9955 0.0077 1.0000
B (Key) 0.0005 0.0001 0.2240 0.4527 0.7618
B (Touch) 0.9886 0.3530 0.0001 0.0519
C (Key) 0.0581 0.0001 0.0044
C (Touch) 0.0008 0.9847
D (Key) 0.0127
D (Touch)




Left Pectoralis Major — Keyboard Task

Table 15.5. Summary statistics of left pectoralis major (Y%oMMB=22)

Location
A B C D
Mean 3.072% 3.469% 4.011% 3.609% Mean/S.D. of Small
Small |Std Dev 2.997% 2.847% 3.328% 1.977% 3.540% 2.752%
Min 0.839% 0.867% 0.865% 1.560%
si Max 10.769% 11.429% 10.8689  9.029%
z€ Mean 1.973% 3.113% 1.712%| 2.462% Mean/S.D. of Large
L Std Dev 1.319% 3.412% 1.046% 1.411% 2.315% 2.030%
arge Min 0.227% 0.414% 0.255%|  0.516%
Max 3.869% 12.401% 3.802% 5.018%  Grand Mean/S.D.
Mean/S.D. of 2.523% 3.291% 2.861% 3.035% 2.928% 2.482%
Location 2.328% 3.072% 2.679% 1.776%
Table 15.6. Two-way ANOVA results of left pectoralis major22)
ss DOF MS F p Observed
Power
Intercept|  0.07542 1 0.07542 43.7255 <0.000] 1.0000
Sizé 0.00330 1 0.00330 1.9146 0.1817 0.2609
Error| 0.03450 20 0.00172
Location| 0.00069 3 0.00023 0.9779 0.4092 0.2538
Location*Sizg 0.00106 3 0.00035 1.5115 0.2207 0.3794
Error| 0.01404 60 0.00023
Vertical bars denote 0.95 confidence intenals
7%
6% -
o 5%
>
=
F 4%
o
o
= 3%
iy
w
5 2%
(&)
18]
('
a0 1% F
0% b
1%
A B C D
iFs
LOCATION I
Figure 15.4. Plot of Size/Llocation interaction means for leficporalis major (%MVC)
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Right Middle Deltoid
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Table 15.7. Summary statistics of right deltoid (%MVC) (n=22)

Location
A B C D Mean/S.D. of Keyboard
Mean 4.250% 4.830% 4.150% 5.730% 4.740% 3.6409
Keyboard S.D. 3.540% 3.660% 3.160% 4.150%
Min 0.400% 0.420% 0.110% 0.310%
Task Max 14.160% 12.710% 10.730%) 18.590%
Mean 18.290% 16.910% 10.850%) 10.730%Mean/S.D. of Touchscree
Touchscreen S.D. 13.580% 10.900% 6.870% 7.110% 14.200% 10.43(
Min 1.590% 3.450% 1.290% 1.200%
Max 62.380% 48.030% 24.440%) 28.100%
Mean/S.D.of 11.270% 10.870% 7.500% 8.230% Grand Mean/S.D.
Location 12.110% 10.090% 6.280% 6.280%9 9.470% 9.120
Table 15.8. Three-way ANOVA results of right middle deltoid (22)
ss DOF MS F P Observed
power
Intercept 1.57761 1 1.57761 63.14843 <0.0001 1.00000
Size 0.01478 1 0.01478 0.59169 0.4508 0.11343
Error 0.49965 20 0.02498
Task 0.39338 1 0.39338 44.85675 <0.0001 0.99999
Task*Size 0.02027 1 0.02027 2.31184 0.1440| 0.30460
Error 0.17539 20 0.00877
Location 0.04676 3 0.01559 5.81102 0.0015 0.93892
Location*Size 0.00707 3 0.00236 0.87918 0.4571 0.23076
Error 0.16094 60 0.00268
Task*Location 0.06081 3 0.02027 16.77107 <0.0001 0.99999
Task*Location*Size 0.00304 3 0.00101 0.83747 0.4786 0.221111
Error 0.07252 60 0.00121
Vertical barsdenote 0.95 confidence intewvals
30%
26% -
g 20%
= o
z .
E 15% e )
2 .
g - -
= 1% B
o
5%
0%
. = = - {¥Keyboard
Location I Ttouchsreen

Figure 15.5. Plot of Location/Task interaction means for righitdle deltoid (%MVC)
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Table 15.9. Post-hoc comparison of Location/Task means fgrtnniddle deltoid (n=22)

A (Key) A (Touch) B (Key) B (Touch) C (Key) C (Toud) D (Key) D (Touch)
A (Key) 0.0001 0.9994 0.0001 1.0000 0.0001 0.8501 0.0001
A (Touch) 0.0001 0.8878 0.0001 0.0001 0.0001 0.0001
B (Key) 0.0001 0.9980 0.0001 0.9884 0.0001
B (Touch) 0.0001 0.0001 0.0001 0.0001
C (Key) 0.0001 0.7987 0.0001
C (Touch) 0.0003 1.0000
D (Key) 0.0004
D (Touch)




Left Middle Deltoid — Keyboard Task

Table 15.10. Summary statistics of left middle deltoid (Y%eMV@)=22)

8%

6%

4%

2%

0%

L Middle Deltoid [%WMVC)

-2%

4%

6%

Location
A B C D
Mean 6.053% 6.217% | 2.569%  3.016%| _ Mean/S.D. of Small
Small |_StdDev | 10.177% | 10.372%| 2.674% _ 5.606% 4.464% 7.808%%
Min 0.656% 0.664% | 0.058%  0.025%)
. Max 32.048% | 35.176%| 8.986%  19.139%
Size Mean 2.492% 1.844% | 1564%  0569%  Mean/S.D. of Large
Large |_StdDev_ | 2.376% 1.805% | 1.611%  0.346% 1.617% 1.787%
Min 0.596% 0.344% | 0.088% _ 0.048%]
Max 8.869% 6.435% | 4.9319  1.151%  Grand Mean/S.D.
Mean/S.D. of 4.273% 4.030% | 2.066%  1.792% 3.040% 5.810%
Location 7.438% 7.602% | 22159  4.073%
Table 15.11. Two-way ANOVA results of left middle deltoid (n2p
ss DOF MS F p Observed
Power
Intercept| 0.08135 1 0.08135 7.7934 0.0113 0.7567
Sizd  0.01783 1 0.01783 1.7077 0.2061 0.2378
Error| 0.20876 20 0.01044
Location] 0.01101 3 0.00367 4.1883 0.0093 0.8324)
Location*Size__ 0.00352 3 0.00117 1.3375 0.2707 0.3386
Error| 0.05259 60 0.00088
Vertical bars denote 0.95 confidence intenals
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Figure 15.6. Plot of Size/Location interaction means for keftddle deltoid (%6MVC)

Table 15.12. Post-hoc comparison of Location means for leftdteé deltoid (n=22)

A B c D
A 0.9930 | 0.0749| 0.0357
B 0.1350 | 0.0690
C 0.9899
D

134



Right Upper Trapezius
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Table 15.13. Summary statistics of right trapezius (%MVC) (8%2

Do

%

%

Location
A B C D Mean/S.D. of Keyboard
Mean 15.490% 13.550% 12.600%) 14.400% 14.010% 9.360
Keyboard S.D. 10.730% 8.430% 8.270% 10.1909
Min 0.800% 0.040% 3.040% 0.210%
Task Max 46.880% 28.830% 28.280% 40.450%
Mean 24.120% 24.510% 14.980%) 19.070%Mean/S.D. of Touchscree
Touchscreen S.D. 13.090% 13.630% 10.400%) 12.200% 20.670% 12.80
Min 2.090% 1.700% 1.710% 2.000%
Max 55.270% 54.470% 34.820% 47.830%
Mean/S.D.of 19.810% 19.030% 13.790%) 16.730% Grand Mean/S.D.
Location 12.610% 12.500% 9.360% 11.3609 17.340% 11.67(
Table 15.14. Three-way ANOVA results of right upper trapezfus22)
ss DOF MS F P Observed
power
Intercept 5.29161 1 5.29161 69.36453 <0.0001 1.00000
Size 0.04072 1 0.04072 0.53382 0.4735 0.10709
Error 1.52574 20 0.07629
Task 0.19502 1 0.19502 26.74324 0.0001] 0.99841
Task*Size 0.00913 1 0.00913 1.25247 0.2763 0.18690
Error 0.14585 20 0.00729
Location 0.09630 3 0.03210 7.74807 0.0002 0.9841]1
Location*Size 0.00234 3 0.00078 0.18827 0.9040| 0.08309
Error 0.24858 60 0.00414
Task*Location 0.04913 3 0.01638 14.67886 <0.0001 0.99994
Task*Location*Size 0.00312 3 0.00104 0.93295 0.4305 0.24327
Error 0.06694 60 0.00112
Wertical barsdenote 0.95 confidence intevals
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Figure 15.7. Plot of Location/Task interaction means for rigpper trapezius (%MVC)
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Table 15.15. Post-hoc comparison of Location/Task means fgtripper trapezius (n=22)

A (Key) A (Touch) B (Key) B (Touch) C (Key) C (Tout) D (Key) D (Touch)

A (Key) 0.0001 0.5375 0.0001 0.0982 0.9996 0.9576 0.0163

A (Touch) 0.0001 0.9999 0.0001 0.0001 0.0001 0.0002
B (Key) 0.0001 0.9810 0.8441 0.9897 0.0001

B (Touch) 0.0001 0.0001 0.0001 0.0002
C (Key) 0.2805 0.6346 0.0001

C (Touch) 0.9991 0.0035
D (Key) 0.0006

D (Touch)
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Left Upper Trapezius — Keyboard Task

Table 15.16. Summary statistics of left upper trapezius (Y%MVi&322)

Location
A B C D
Mean 13.423% | 10.120%| 11.5249 7.80009 Mean/S.D. of Small
Small | _StdDev | 13.241% | 12.302% 9.706% 6.9179 10.717% 10.649%
Min 2.150% 0.528% 1.455% 0.141%
Si Max 43.454% | 41.712%]| 30.9519 23.488%
Iz€ Mean 15.003% 14.688% 19.318% 16.989% Mean/S.D. of Large
L StdDev | 11.324% | 12.462%)]| 14.9009 13.680%6 16.499% 12.829%
arge Min 1.819% 1.638% 5.044%|  5.4520%
Max 35.451% | 42.413%| 52.5559 49.964%  Grand Mean/S.D.
Mean/S.D. of 14.213% | 12.404%| 15.4219% 12.394% 13.608% 12.075%
Location 12.050% | 12.308%| 12.9039 11.576%
Table 15.17. Two-way ANOVA results of left upper trapezius (n322
ss DOF MS F p ngsvr‘effd
Intercept| 1.62960 1 1.62960 38.3737 <0.000] 1.0000
Sizg 0.07356 1 0.07356 1.7323 0.2030 0.2406
Error| 0.84933 20 0.04247
Location| 0.01446 3 0.00482 0.9270 0.4333 0.2419
Location*Siz¢  0.01913 3 0.00638 1.2261 0.3081 0.3123
Error| 0.31206 60 0.00520
Vertical bars denote 095 confidence intenals
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Figure 15.8. Plot of Size/Location interaction means for lefpeptrapezius (%MVC)
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Right Erector Spinae

Table 15.18. Summary statistics of right erector spinae (%MVi$)22)

Location
A B C D Mean/S.D. of Keyboard
Mean 3.320% 1.860% 7.350% 2.310% 3.710% 4.790%
Keyboard S.D. 3.420% 1.740% 6.630% 4.060%
Min 0.170% 0.000% 0.340% 0.050%
Task Max 14.460% 7.270% 22.630% 18.5809
Mean 3.400% 1.780% 0.930% 2.260%]| Mean/S.D. of Touchscree
Touchscreen S.D. 7.960% 2.850% 0.930% 3.510% 2.090% 4.610%
Min 0.070% 0.010% 0.010% 0.060%
Max 38.630% 13.470% 3.620% 16.6209
Mean/S.D.of 3.360% 1.820% 4.140% 2.280% Grand Mean/S.D.
Location 6.060% 2.340% 5.700% 3.750% 2.900% 4.750%
Table 15.19. Three-way ANOVA results of right erector spinaeZ?2)
ss DOF MS F P Observed
power
Intercept 0.14811 1 0.14811 24.80021 <0.0001 0.99719
Size 0.00001 1 0.00001 0.00122 0.9725 0.05013
Error 0.11944 20 0.00597
Task 0.01152 1 0.01152 9.68469 0.0055 0.84126
Task*Size 0.00240 1 0.00240 2.01615 0.1710| 0.27212
Error 0.02378 20 0.00119
Location 0.01456 3 0.00485 2.46318 0.0711 0.58444
Location*Size 0.01389 3 0.00463 2.34953 0.0814 0.5621]7
Error 0.11820 60 0.00197
Task*Location 0.03382 3 0.01127 11.91304 <0.0001 0.99939
Task*Location*Size 0.00128 3 0.00043 0.45117 0.7174 0.13543
Error 0.05677 60 0.00095

Vertical barsdenote 0.95 confidence intervals
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Figure 15.9. Plot of Location/Task interaction means for righéctor spinae (%MVC)
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Table 15.20. Post-hoc comparison of Location/Task means ftrérector spinae (n=22)

A (Key) A (Touch) B (Key) B (Touch) C (Key) C (Toud) D (Key) D (Touch)
A (Key) 1.0000 0.7632 0.7082 0.0014 0.1856 0.9559 0.9433
A (Touch) 0.7100 0.6516 0.0019 0.1542 0.9340 0.9176
B (Key) 1.0000 0.0001 0.9727 0.9997 0.9999
B (Touch) 0.0001 0.9842 0.9991 0.9995
C (Key) 0.0001 0.0002 0.0001
C (Touch) 0.8138 0.8408
D (Key) 1.0000
D (Touch)




Left Erector Spinae

Table 15.21. Summary statistics of left erector spinae (%MVGZ8R)
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Location
A B C D Mean/S.D. of Keyboard
Mean 23.100% 16.810% 5.410% 8.090% 13.350% 12.01(
Keyboard S.D. 12.460% 12.450% 5.720% 6.880%
Min 7.220% 1.280% 0.230% 0.750%
Task Max 60.130% 41.010% 23.230% 26.860%
Mean 24.230% 20.970% 11.480%) 11.410%Mean/S.D. of Touchscree
Touchscreen S.D. 12.500% 11.550% 6.620% 5.440% 17.020% 10.97(
Min 1.150% 4.790% 0.480% 3.590%
Max 62.620% 39.780% 28.390% 27.940%
Mean/S.D. of 23.660% 18.890% 8.440% 9.750% Grand Mean/S.D.
Location 12.340% 12.060% 6.840% 6.360%9 15.190% 11.62(
Table 15.22. Three-way ANOVA results of left erector spinae?@)
ss DOF MS F P Observed
power
Intercept 4.05891 1 4.05891 81.81379 <0.0001 1.000400
Size 0.00003 1 0.00003 0.00055 0.9816 0.05006
Error 0.99223 20 0.04961
Task 0.05929 1 0.05929 33.97023 <0.0001 0.99942
Task*Size 0.00030 1 0.00030 0.17449 0.6806 0.06834
Error 0.03491 20 0.00175
Location 0.70649 3 0.23550 30.79264 <0.0001 1.000Q0
Location*Size 0.02286 3 0.00762 0.99617 0.4009 0.25806
Error 0.45887 60 0.00765
Task*Location 0.01382 3 0.00461 4.07159 0.0107 0.82071
Task*Location*Size 0.00475 3 0.00158 1.39945 0.2518 0.35315
Error 0.06786 60 0.00113
Vertical barsdenote 0.95 confidence intewvals
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Figure 15.10. Plot of Location/Task interaction means for kfector spinae (%MVC)
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Table 15.23. Post-hoc comparison of Location/Task means foelector spinae (n=22)

A (Key) A (Touch) B (Key) B (Touch) C (Key) C (Tout) D (Key) D (Touch)
A (Key) 0.9513 0.0001 0.4260 0.0001 0.0001 0.0001 0.0001
A (Touch) 0.0001 0.0412 0.0001 0.0001 0.000]] 0.0001
B (Key) 0.0030 0.0001 0.0002 0.0001 0.0002
B (Touch) 0.0001 0.0001 0.0001 0.0001
C (Key) 0.0001 0.1620 0.0001
C (Touch) 0.0293 1.0000
D (Key) 0.0347
D (Touch)
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Right Wrist Extension/Flexion

Table 15.24. Summary statistics of right wrist extension (-pitn(+) (deg) (n=22)

Location
A B C D Mean/S.D. of Keyboard
Mean -10.5 -23.5 -37.0 -11.3 -20.6 17.2
Keyboard S.'D. 8.2 15.1 16.0 13.7
Min -21.5 -51.3 -62.5 -36.8
Task Max 8.0 4.3 3.4 13.6
as Mean -26.1 -29.2 -30.2 -22.6 Mean/S.D. of Touchscreen
Touchscreen S.'D. 10.7 15.0 16.1 14.6 -27.0 14.3
Min -46.7 -56.1 -59.1 -44.7
Max -6.3 11.1 15.9 11.8
Mean/S.D. of -18.3 -26.4 -33.6 -16.9 Grand Mean/S.D.
Location 12.3 15.1 16.2 15.1 -23.8 16.1

Table 15.25. Three-way ANOVA results of right wrist extensifiexion (n=22)

ss DOF MS F P Observed
power
Intercept 99659.78 1 99659.78 93.66 <0.000] 1.000
Size 171.19 1 171.19 0.16 0.6926 0.0669
Error 21280.83 20 1064.04
Task 1817.29 1 1817.29 16.34 0.0006 0.9701
Task*Size 255.16 1 255.16 2.29 0.1455 0.3027|
Error 2224.30 20 111.21
Location 7885.29 3 2628.43 24.51 <0.0001 1.000(
Location*Size 370.56 3 123.52 1.15 0.3358 0.2947
Error 6435.65 60 107.26
Task*Location 3123.74 3 1041.25 36.13 <0.0001 1.000(¢
Task*Location*Size 86.27 3 28.76 1.00 0.4002 0.2584
Error 1729.24 60 28.82
Vertical barsdenote 0.95 confidence intervals
0
5
-10
'§ -15
=
T 20
&
=5
5
w 30
=
r -35
-40
-45
-50
2 B & B LFKeyboard
Location I TTouchsreen

Figure 15.11. Plot of Location/Task interaction means for righist extension(-)/flexion(+) (deg)
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Table 15.26. Post-hoc comparison of Location/Task means fgrtnivrist ext/flex (n=22)

A (Key) A (Touch) B (Key) B (Touch) C (Key) C (Tout) D (Key) D (Touch)

A (Key) 0.0001 0.0001 0.0001 0.0001 0.0001]  0.9998 0.0001
A (Touch) 0.7435 0.5666 0.0001 0.2243 0.0001 0.3576

B (Key) 0.0192 0.0001 0.0032 0.0001 0.9987
B (Touch) 0.0004 0.9989 0.0001 0.0031

C (Key) 0.0021 0.0001 0.0001
C (Touch) 0.0001 0.0005

D (Key) 0.0001
D (Touch)




Left Wrist Extension/Flexion — Keyboard Task

Table 15.27. Summary statistics of left wrist extension (g4ion (+) (deg) (n=22)

Location
A B C D
Mean -16.43 -28.59 -40.72 -15.84 Mean/S.D. of Small
Small |_StdDev 8.97 11.65 11.13 10.18 -25.40 | 14.48
Min -33.38 -48.36 61.35 -36.00
. Max 1.40 9.55 22.96 .45
Size Mean -19.13 -38.75 -39.48 22.92| Mean/S.D. of Large
Std Dev 5.95 7.31 13.89 9.66 -30.07 | 13.14
Large Min 27.01 52.96 61.85 -36.85
Max -10.42 -30.45 -14.65 -6.93 Grand Mean/S.D.
Mean/S.D. of -17.78 -33.67 -40.10 -19.38 27.73] 13.95
Location 7.55 10.82 12.30 10.34

Table 15.28. Two-way ANOVA results of left wrist extension/fien (n=22)

ss DOF MS F p ngsvr‘effd
Intercept| 67679.69 1 67679.69 288.600 0.0000Q 1.0000
Siz¢ 480.72 1 480.72 2.0499 0.1677 0.2758
Error 4690.20 20 234.51
Location| 7852.87 3 2617.62 44,9154 0.0000] 1.0000
Location*Size 411.23 3 137.08 2.3521 0.0812 0.5627
Error| 3496.74 60 58.28
Vertical bars denote 0.95 confidence intenals
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Figure 15.12. Plot of Size/Location interaction means for lgftst extension (-)/flexion (+) (deg)

Table 15.29. Post-hoc comparison of Location means for lefswext/flex (n=22)

A B C D
A 0.0002 | 0.0002| 0.8986
B 0.0345| 0.0002
C 0.0002
D




Right Wrist Ulnar/Radial Deviation

Table 15.30. Summary statistics of right wrist radial (-)/ulngydeviation (deg) (n=22)
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Location

A B C D Mean/S.D. of Keyboard
Mean 9.5 2.0 1.7 11.0 6.0 8.6

Keyboard S.'D. 5.4 8.9 9.3 6.3

Min -0.1 -25.8 -29.3 -1.9

Task Max 17.1 15.0 15.1 26.6

as Mean 12.2 8.1 8.5 11.1 Mean/S.D. of Touchscreen

Touchscreen S.'D. 7.9 9.7 9.0 9.0 10.0 8.9

Min -6.1 -21.1 -15.6 -9.9

Max 25.2 21.9 22.1 21.3

Mean/S.D. of 10.9 5.1 51 11.0 Grand Mean/S.D.

Location 6.8 9.7 9.7 7.7 8.0 9.0

Table 15.31. Three-way ANOVA results of right wrist ulnar/ratideviation (n=22)

ss DOF MS F P Observed
power
Intercept 11305.61 1 11305.61 43.05 <0.0001 1.000
Size 33.23 1 33.23 0.13 0.7258 0.0633
Error 5252.18 20 262.61
Task 687.03 1 687.03 6.43 0.0197 0.6744
Task*Size 162.61 1 162.61 1.52 0.2318 0.2170
Error 2138.23 20 106.91
Location 1521.76 3 507.25 10.52 <0.000] 0.9981
Location*Size 268.76 3 89.59 1.86 0.1465 0.4582
Error 2893.97 60 48.23
Task*Location 320.63 3 106.88 7.63 0.0002 0.9827|
Task*Location*Size 30.59 3 10.20 0.73 0.5395 0.1960
Error 840.64 60 14.01
Vertical barsdenote 0.95 confidence intevals
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Figure 15.13. Plot of Location/Task interaction means for riginist radial(-)/ulnar(+) deviation (deg)
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Table 15.32. Post-hoc comparison of Location/Task means fgtnivrist radial/ulnar deviation (n=22)

A (Key) A (Touch) B (Key) B (Touch) C (Key) C (Toud) D (Key) D (Touch)
A (Key) 0.2574 0.0001 0.9222 0.0001 0.9845 0.8991 0.8523
A (Touch) 0.0001 0.0130 0.0001 0.0318 0.9508 0.9723
B (Key) 0.0001 1.0000 0.0001 0.0001 0.0001
B (Touch) 0.0001 1.0000 0.2107 0.1675
C (Key) 0.0001 0.0001 0.0001
C (Touch) 0.3694 0.3063
D (Key) 1.0000
D (Touch)




Left Wrist Ulnar/Radial Deviation — Keyboard Task

Table 15.33. Summary statistics of left wrist ulnar (-)/rad{a) deviation (deg) (n=22)

Location
A B C D
Mean 1.88 -1.39 0.47 -9.58 Mean/S.D. of Small
Small |—Std Dev 7.06 8.42 6.60 7.24 -2.15 | 8.40
Min -4.51 -12.66 -13.08 -22.15
. Max 20.03 15.42 8.23 0.17
Size Mean 717 7.69 3.04 7.19 Mean/S.D. of Large
Std Dev 6.82 7.63 8.08 8.38 267 | 9.61
Large Min -4.40 -9.38 -10.90 21.05
Max 16.90 15.65 11.91 0.96 Grand Mean/S.D.
Mean/S.D. of 4.52 3.15 1.75 -8.39 0.26 | 9.30
Location 7.29 9.11 7.32 7.74

Table 15.34. Two-way ANOVA results of left wrist ulnar/radideviation (n=22)

ss DOF MS F p Observed
Power
Intercept 5.94 1 5.94 0.0346 0.8543 0.0536
Sizg 513.02 1 513.02 2.9898 0.0992 0.3770
Error| 3431.81 20 171.59
Location| 2276.77 3 758.92 40.0382 <0.0001 1.0000
Location*Sizg  161.48 3 53.83 2.8397 0.0454 0.6530
Error 1137.30 60 18.95
Vertical bars denote 0.95 confidence intevals
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Figure 15.14. Plot of Size/Location interaction means for leftst ulnar (-)/radial (+) deviation (deg)

Table 15.35. Post-hoc comparison of Size/Location means fiomigst ulnar/radial deviation (n=22)

A (Small) B (Smal) | C (Smal)| D (Smal)| A (Largg B (Large) C (Large) D (Large)
A (Small) 0.9998 0.9429 0.0058 0.6243 0.2681 0.9998 0.9822
B (Small) 0.9968 0.0220 0.4649 0.1694 0.9969 0.9974
C (Small) 0.1291 0.2552 0.0748 0.9578 1.000(0
D (Small) 0.0077 0.0015 0.1883 0.9067
A (Large) 0.9549 0.2387 0.0003
B (Large) 0.0166 0.0001
C (Large) 0.2539
D (Large)




Right Elbow Flexion
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Table 15.36. Summary statistics of right elbow flexion (deg) 22

=]

Location
A B C D
o| Mean 455 515 74.7 79.9 Mean/S.D. of Keyboard
_‘é’ S. D. 111 9.8 13.2 12.1 62.9 18.6
B Min 21.3 35.6 52.7 66.6
X Max 61.1 67.5 93.0 102.7
3|8 Mean 38.3 41.4 56.6 62.6 Mean/S.D. of Touchscreen
(% g S. D. 9.0 6.3 12.3 11.3 49.7 14.1
S Min 17.6 32.0 35.9 49.2
>
2 Max 51.1 54.7 76.4 82.6
Mean/S.D. 41.9 46.4 65.6 71.2 Small Grand Mean/S.D.
of Location 10.5 9.6 15.5 14.4 56.3 17.7
o Mean 46.9 47.4 62.2 70.1 Mean/S.D. of Keyboard
_‘é‘ S. D. 6.0 6.6 6.5 10.6 56.7 12.5
B Min 30.7 37.9 50.8 49.0
X Max 53.6 61.1 69.7 84.8
o} é Mean 35.5 38.8 47.1 58.3 Mean/S.D. of Touchscreen Mean/S.D. of Keyboard
5|5 S. D. 8.0 7.7 8.5 8.5 44.9 11.9 59.8 16.0
- % Min 18.2 28.3 31.2 43.2 Mean/S.D. of Touchscree
>
|2 Max 43.6 53.3 57.8 70.4 47.3 13.2
Mean/S.D. 41.2 43.1 54.6 64.2 Large Grand Mean/S.D. Grand Mean/S.D.
of Location 9.0 8.3 10.7 11.2 50.8 13.5 53.5 15.9
Combined 41.5 44.8 60.1 67.7
Mean/S.D. of
Location 9.7 9.0 14.3 13.2
Table 15.37. Three-way ANOVA results of right elbow flexion<{22)
Observed
SS DOF MS F p power
Intercept 470925.51 1 470925.5] 472.02 <0.000[ 1.000D
Size 3689.76 1 3689.76 3.70 0.0688 0.4484
Error 19953.57 20 997.68
Task 6824.66 1 6824.66 117.99 <0.0001 1.000
Task*Size 22.69 1 22.69 0.39 0.5382 0.0917
Error 1156.83 20 57.84
Location 20505.57 3 6835.19 96.85 <0.0001 1.000
Location*Size 661.18 3 220.39 3.12 0.0324 0.6992
Error 4234.34 60 70.57
Task*Location 461.05 3 153.68 12.11 <0.0001 0.9995
Task*Location*Size 134.08 3 44.69 3.52 0.0203 0.7562
Error 761.57 60 12.69
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Figure 15.15. Plot of Location/Task interaction means for righiow flexion (deg)
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Table 15.38. Post-hoc comparison of Size/Location/Task meansight elbow flexion (n=22)

Small
A (Key) A (Touch) B (Key) B (Touch) C (Key) C (Toud) D (Key) D (Touch)
A (Key) 0.0013 0.0193 0.3533 0.0001 0.0001 0.0001 0.0001
A (Touch) 0.0001 0.7819 0.0001 0.0001 0.0001 0.0001
_ B (Key) 0.0001 0.0890 0.0001 0.0001
‘© | B (Touch) 0.0001 0.0001 0.0001 0.0001
UE) C (Key) 0.0001 0.0850 0.0001
C (Touch) 0.0001 0.0151
D (Key) 0.0001
D (Touch)
Large
A (Key) A (Touch) B (Key) B (Touch) C (Key) C (Tout) D (Key) D (Touch)
A (Key) 0.0001 1.0000 0.0003 1.0000 0.0001 0.0001
A (Touch) 0.0001 0.7323 0.0001 0.0001 0.0001 0.0001
o B (Key) 0.0002 0.0001 1.0000 0.0001 0.0001
© | B (Touch) 0.0001 0.0002 0.0001 0.0001
LU C (Key) 0.0001 0.0004 0.4394
C (Touch) 0.0001 0.0001
D (Key) 0.0001
D (Touch)
Large
A (Key) A (Touch) B (Key) B (Touch) C (Key) C (Tout) D (Key) D (Touch)
A (Key) 1.0000 0.6838 1.0000 0.9731 1.0000, 0.0013 0.3174
A (Touch) 0.8553 1.0000 0.7970 1.0000 0.0018 0.8349 0.0002 0.0127
_ B (Key) 0.9994 0.0907 0.9998 0.3296 0.9996 0.0248 0.9692
'® | B (Touch) 0.9962 0.9918 0.9906 1.0000 0.0086 0.9946 0.0003 0.0584
(% C (Key) 0.0003 0.0002 0.0004 0.0002 0.3496 0.0004 0.9994 0.0732
C (Touch) 0.7227 0.0076 0.7901 0.0386 0.9944 0.7483 0.2388 1.0000
D (Key) 0.7227 0.0076 0.7901 0.0386 0.9944 0.7483 0.7227 0.0059
D (Touch) 0.0976 0.0004 0.1235 0.0018 1.0000 0.1066 0.9376 0.9997
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Table 15.39. Post-hoc comparison of Location/Task means fgrtrelbow flexion (n=22)

A (Key) A (Touch) B (Key) B (Touch) C (Key) C (Tout) D (Key) D (Touch)
A (Key) 0.0001 0.0683 0.0001 0.0001 0.0002 0.0001 0.0001
A (Touch) 0.0001 0.0767 0.0001 0.0001 0.0001 0.0001
B (Key) 0.0001 0.0001 0.3595 0.0001 0.0001
B (Touch) 0.0001 0.0001 0.0001 0.0001
C (Key) 0.0001 0.0001 0.0001
C (Touch) 0.0001 0.0001
D (Key) 0.0001
D (Touch)




Left EIbow Flexion — Keyboard Task

Table 15.40. Summary statistics of left elbow flexion (deg¥22)

C

LOCATION

A B c D
A 0.0024 | 0.0002[ 0.0004
B 0.0002 | 0.0002
C 0.0002
D

Location
A B C D
Mean 21.47 28.41 74.91 50.67 Mean/S.D. of Small
Small |_StdDev 8.23 10.57 12.42 12.82 43.86 | 2374
Min 4.89 10.51 50.35 21.97
S Max 34.24 43.25 90.72 70.00
Iz€ Mean 13.74 21.03 59.82 4531 | Mean/S.D. of Large
. Std Dev 6.98 11.82 10.70 772 34.97 | 20.85
arge Min 2.22 3.78 48.87 32.46
Max 26.28 36.83 81.49 59.17 Grand Mean/S.D.
Mean/S.D. of 17.60 24.72 67.36 47.99 39.42 | 22.66
Location 8.43 11.58 13.70 10.69
Table 15.41. Two-way ANOVA results of left elbow flexion (n=22
ss DOF MS F p Observed
Power
Intercept| 136741.40 1 13674140  439.673]  <0.0001L 1.000
Sizd  1738.80 1 1738.80 5.5909 0.0283 0.6141
Error| 6220.13 20 311.01
Location| 34015.91 3 11338.64]  285.037 <0.0001L 1.0004
Location*Sizd  299.68 3 99.89 25111 0.0671 0.5936
Error| 2386.77 60 39.78
Vertical bars denote 095 confidence infenals
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Figure 15.16. Plot of Size/Location interaction means for kdfiow flexion (deg)

Table 15.42. Post-hoc comparison of Location means for Idfoel flexion (n=22)
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Shoulder Angle
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Table 15.43. Summary statistics of shoulder angle (deg) (n=22)

Location
A B C D
o| Mean 66.4 41.3 0.4 16.5 Mean/S.D. of Keyboard
_‘é’ S. D. 4.2 45 0.8 7.5 31.2 25.8
B Min 61.0 31.8 -0.4 6.4
X Max 75.3 49.7 1.9 31.5
3|8 Mean 54.8 314 1.8 15.3 |Mean/S.D. of Touchscreeh
% g S. D. 7.0 7.2 15 7.3 25.8 20.8
S Min 44.4 18.0 -0.3 3.7
>
L2 Max 65.6 44.6 3.7 30.1
Mean/S.D. 60.6 36.3 1.1 15.9 Small Grand Mean/S.D.
of Location 8.2 7.7 1.4 7.2 28.5 23.5
o[ Mean 61.3 36.7 0.3 18.5 Mean/S.D. of Keyboard
_‘é‘ S.D. 3.6 6.4 0.6 7.2 29.2 23.4
B Min 56.4 29.0 -0.2 4.4
X Max 67.1 47.5 1.9 27.5
o § Mean 53.0 32.0 1.7 16.5 |Mean/S.D. of Touchscreen Mean/S.D. of Keyboard
slo S. D. 4.6 6.7 3.0 7.8 25.8 20.0 30.2 24.5
- % Min 47.4 23.8 -2.0 3.8 Mean/S.D. of Touchscreen
=}
e Max 63.0 43.7 9.4 25.5 25.8 20.3
Mean/S.D. 57.2 34.4 1.0 17.5 Large Grand Mean/S.D. Grand Mean/S.D.
of Location 5.9 6.9 2.2 7.4 27.5 21.7 28.0 22.5
Combined 58.9 35.3 11 16.7
Mean/S.D. of
Location 7.3 7.3 1.8 7.3
Table 15.44. Three-way ANOVA results of shoulder angle (n=22)
Observed
SS DOF MS F p power
Intercept 137934.80 1 137934.8( 1215.43 <0.000[L 1.0000
Size 41.03 1 41.03 0.36 0.5544 0.0884
Error 2269.73 20 113.49
Task 843.00 1 843.00 61.94 <0.0001 1.0000
Task*Size 41.39 1 41.39 3.04 0.0965 0.3824
Error 272.20 20 13.61
Location 81904.55 3 27301.52 768.67 <0.0001 1.0000
Location*Size 158.25 3 52.75 1.49 0.2277 0.3732
Error 2131.08 60 35.52
Task*Location 901.76 3 300.59 67.42 <0.0001 1.0000
Task*Location*Size 63.14 3 21.05 4.72 0.0050 0.8780
Error 267.50 60 4.46




Shoulder Angle [deq]
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Vertical barsdenote 0.95 confidence intevals
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Figure 15.17. Plot of Location/Task interaction means for skhieulangle (deg)
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Table 15.45. Post-hoc comparison of Size/Location/Task meansHtoulder angle (n=22)

L

L

L

Small
A (Key) A (Touch) B (Key) B (Touch) C (Key) C (Toud) D (Key) D (Touch)
A (Key) 0.0001 0.0001 0.0001 0.0001, 0.0001 0.0001 0.000
A (Touch) 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
— B (Key) 0.0001 0.0001 0.0001 0.0001 0.0001
'® | B (Touch) 0.0001 0.0001 0.0001 0.0001
(% C (Key) 0.9595 0.0001 0.0001
C (Touch) 0.0001 0.0001
D (Key) 0.9878
D (Touch)
Large
A (Key) A (Touch) B (Key) B (Touch) C (Key) C (Tout) D (Key) D (Touch)
A (Key) 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.000
A (Touch) 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
o B (Key) 0.0003 0.0001 0.0001 0.0001 0.0001
© | B (Touch) 0.0001 0.0001 0.0001 0.0001
3 C (Key) 0.9648 0.0001 0.0001
C (Touch) 0.0001 0.0001
D (Key) 0.7170
D (Touch)
Large
A (Key) A (Touch) B (Key) B (Touch) C (Key) C (Tout) D (Key) D (Touch)
A (Key) 0.7376 0.0008 0.0001 0.0001 0.0001, 0.0001 0.0001 0.000
A (Touch) 0.3626 1.0000 0.0002 0.0001 0.0001 0.0001 0.000]L 0.0001
_ B (Key) 0.0001 0.0041 0.8626 0.0436 0.0001 0.0001 0.0001] 0.0001
'© | B (Touch) 0.0001 0.0001 0.6600 1.0000 0.0001 0.0001 0.0013 0.0003
(% C (Key) 0.0001 0.0001 0.0001 0.0001 1.0000 1.0000 0.0002 0.0002
C (Touch) 0.0001 0.0001 0.0001 0.0001 1.0000 1.0000 0.0002 0.0003
D (Key) 0.0001 0.0001 0.0001 0.0001 1.0000 1.0000 1.0000 1.0000
D (Touch) 0.0001 0.0001 0.0001 0.0002 0.0008 0.0008 0.9899 1.0000
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Table 15.46. Post-hoc comparison of Location/Task means foukter angle (n=22)

A (Key) A (Touch) B (Key) B (Touch) C (Key) C (Toud) D (Key) D (Touch)

A (Key) 0.0001 0.0001 0.0001 0.0001 0.0001] 0.0001 0.0001
A (Touch) 0.0001 0.0001 0.0001 0.0001 0.000]] 0.0001
B (Key) 0.0001 0.0001 0.0001 0.0001 0.0001]
B (Touch) 0.0001 0.0001 0.0001 0.0001
C (Key) 0.3310 0.0001 0.0001

C (Touch) 0.0001 0.0001
D (Key) 0.2044
D (Touch)




Shoulder Displacement
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Table 15.47. Summary statistics of shoulder displacement (cm2)

Location
A B C D Mean/S.D. of Keyboard
Mean 29.6 19.9 2.7 5.9 14.5 12.4
Kevboard S.D. 8.3 5.4 5.0 4.3
eyboar Min 17.9 115 0.2 0.6
Task Max 53.3 38.6 24.8 23.4
as Mean 29.6 19.6 4.9 5.7 Mean/S.D. of Touchscreen
Touchscreen S..D. 7.8 6.1 5.1 4.4 14.9 11.9
Min 20.2 11.0 0.5 1.2
Max 54.6 39.4 26.5 23.2
Mean/S.D. of 29.6 19.7 3.8 5.8 Grand Mean/S.D.
Location 8.0 5.7 5.1 4.3 14.7 12.1
Table 15.48. Three-way ANOVA results of shoulder displacem@nt22)
ss DOF MS F p Observed
power
Intercept 38207.80 1 38207.80 229.02 <0.0001 1.0000
Size 156.13 1 156.13 0.94 0.3449 0.1515
Error 3336.65 20 166.83
Task 7.88 1 7.88 1.81 0.1939 0.2489
Task*Size 8.52 1 8.52 1.95 0.1774 0.2653
Error 87.18 20 4.36
Location 19610.17 3 6536.72 174.99 <0.0001 1.000
Location*Size 41.51 3 13.84 0.37 0.7746 0.1187
Error 2241.33 60 37.36
Task*Location 47.02 3 15.67 7.68 0.0002 0.9834
Task*Location*Size 9.04 3 3.01 1.48 0.2296 0.3715
Error 122.38 60 2.04
Yericle barsindicate 0.95 confidnce intervals
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Figure 15.18. Plot of Location/Task interaction means for skieuldisplacement (cm)
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Table 15.49. Post-hoc comparison of Location/Task means foukter displacement (n=22)

A (Key) A (Touch) B (Key) B (Touch) C (Key) C (Tout) D (Key) D (Touch)
A (Key) 0.8638 0.0001 0.0001 0.0001 0.0001 0.0001] 0.0001
A (Touch) 0.0001 0.0001 0.0001 0.0001 0.000]] 0.0001
B (Key) 0.6682 0.0001 0.0001 0.0001 0.0001
B (Touch) 0.0001 0.0001 0.0001 0.0001
C (Key) 0.0258 0.0004 0.0006
C (Touch) 0.8595 0.9123
D (Key) 1.0000
D (Touch)
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Hip Displacement

Table 15.50. Summary statistics of hip displacement (cm) (n=22)

Location
A B C D Mean/S.D. of Keyboard
Mean 20.4 9.4 2.0 4.0 9.0 10.3
S.D. 135 4.9 3.2 3.2
Keyboard Min 6.7 2.8 0.1 0.0
Task Max 61.4 20.4 15.1 13.1
Mean 19.2 9.4 2.0 4.0 Mean/S.D. of Touchscreen
Touchscreen S.D. 11.0 5.0 3.2 3.2 8.6 9.2
Min 6.1 2.8 0.1 0.0
Max 57.0 20.4 15.5 13.1
Mean/S.D. of] 19.8 9.4 2.0 4.0 Grand Mean/S.D.
Location 12.2 4.9 3.2 3.2 8.8 9.8
Table 15.51. Three-way ANOVA results of hip displacement (n¥22
ss DOF MS F p Observed
power
Intercept 12067.86 1 12067.86 108.87 <0.0001 1.0000
Size 15.19 1 15.19 0.14 0.7151 0.0644
Error 2216.84 20 110.84
Task 5.24 1 5.24 1.77 0.1984 0.2448
Task*Size 2.34 1 2.34 0.79 0.3848 0.1353
Error 59.18 20 2.96
Location 8455.66 3 2818.55 35.85 <0.0001 1.000(
Location*Size 47.51 3 15.84 0.20 0.8950 0.0855
Error 4717.85 60 78.63
Task*Location 13.05 3 4.35 1.41 0.2476 0.3565
Task*Location*Size 13.76 3 4.59 1.49 0.2262 0.3745
Error 184.58 60 3.08
Yertical barsindicate 0.95 confidence intenvals
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Figure 15.19. Plot of Location/Task interaction means for higptacement (cm)



Table 15.52. Post-hoc comparison of Location means for hipldisement (n=22)

A B cC D
A 0.0002 | 0.0002[ 0.0004
B 0.0012 | 0.0309
C 0.6731
D

158
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16 APPENDIX G: COMPLETE REGRESSION ANALYSIS
RESULTS FOR BIOMECHANICS ANALYSIS

Table 16.1. Multiple R values for each regression equation. Values lich bave a p-value of <0.05.
Cells with red shading have a multiplé Wlue >0.60. Cells with “—* did not have a valiegression

equation.
Location
Dependent Variable A B C D
- R Wrist Ext/Flex| 0.420 0.000 0.000 0.000
2 L Wrist Ext/Flex| 0.445 | 0.749 - -
8 R Wrist UIn/Rad Deviation| 0523 | 0.465 | 0.684 | 0.460
2 L Wrist UIn/Rad Deviation| 0.529 | 0.659 | 0.653 -
% R Elbow Flexion 0.375 0.491 0.529 0.553
% L Elbow Flexion| 0.851 0.752 0.907 0.590
g Shoulder Angle  0.194 ~ - 0.663
2 Shoulder Displacement - - 0.564 0.545
Hip Displacemen -- -- 0.544 0.770
R Pectoralis Major| 0.444 0.516 0.710 0.552
- L Pectoralis Major| 0.422 0.257 0.283 0.237
S R Middle Deltoid| 0.193 0.218 -- --
3 L Middle Deltoid| 0.358 0.204 0.198 0.250
§ R Upper Trapeziug -- 0.320 -- --
3 L Upper Trapezius| 0.338 0.275 0.582 0.499
R Erector Spinag  0.594 0.889 0.663 --
L Erector Spinag  0.385 -- 0.727 0.831

Table 16.2. Total number of occurrences in regression eqnatiiaded in red ifiable 16.1

Stfecm] |AL[ecm] | SH[cm] |[SEH[cm]|ShH[cm]| T D [cm] |B-K L [cm]
4 5 7 7 5 3 6
B-PL[cm]|KH[cm] |PH[cm] |ShB[cm]| IB[cm] |[HB[cm] | W [kg]
7 7 6 8 6 4 4

St — Stature (cm); A L — Arm Length (cm); S H —ti8y Height (cm); S E H — Sitting Eye Height (cr8h
H — Sitting Shoulder Height (cm); T D — Trunk Dejjtim); B-K L — Buttock-Knee Length (cm); B-P L —
Buttock-Popliteal Length (cm); K H — Knee Heightr(z P H — Popliteal Height (cm); Sh B — Shoulder
Breadth (cm); | B — Intersceye Breadth (cm); H Blip Breadth (cm); W — Weight (kg)
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Regression Equations for Bold/Red Cells:

L Wrist Ext/Flex — Location B (deg)

§=76.45- 6.29 B-K )+ 7.36 B-P)~ 2.9 Sh)

R Wrist Uln/Rad Deviation — Location C (deg)

§=86.00- 1.1L A+ 3.16 SH- 2.2 SE)H 306 SMB 4DR)-1.5 HB)
L Wrist Uln/Rad Deviation — Location B (deg)

§=-96.65- 0.79 AL+ 1.30 ShH- 1.91 Sh)

L Wrist UIn/Rad Deviation — Location C (deg)

§=-130.10- 2.19 S h+ 3.79 ShH 142 KW 2(09 Sp-B  2I88)+1.10( H B
L Elbow Flexion — Location A (deg)

§=206.38- 1.9T SEH 4.47 BK)+ 359 B-Pk 104 BH .43 HB

L Elbow Flexion — Location B (deg)

§=244.38-1.68 Al)- 2.4{ SEH 6.58 B-K): 4.3 B-HL5.55 K H)

L Elbow Flexion — Location C (deg)

§=159.77- 250 S+ 2.30 SH 2.63 SHH 238 B-PL  4RH)

+211 18- 088 W

Shoulder Angle - Location D (deg)
y=111.27-1.99 A)- 3.00 SEH 284 ShH 2(72 pH 49)
Hip Displacement - Location D (deg)

y=8.47-099 A+ 1.39 S I)F 1.6 S E)H 0.69 'I)ID 1(29H§+0.80( | B)
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R Pectoralis Major — Location C (%MVC)
y=22.24- 0.2$ S I)1+ 0.13 Tpr 0.’\88 P)H 0(41 S)w
R Erector Spinae — Location B (%MVC)

§=-1.79- 0.4 SH+ 056 SEH 144 B-KL 0(3 B-H
~1.64 KH+ 1.72 P - 1.08 Sh)B 0.04 )B

R Erector Spinae — Location C (%0MVC)

§y=3.25+1.14 S}- 210 SH 129 SEH 2(70 KH 210 F

~1.77ShB+ 037 W

L Erector Spinae — Location C (%MVC)

§=-67.95+ 257 St- 1.68 ShH 0.01 )b 429 B-H
+4.4q B-P )- 3.10 KhH- 1.93 Sh)B

L Erector Spinae — Location D (%MVC)

y=-91.32+ 1.91. S)— 5.66 B-K)+ 7.94 B-P) 3.00 K)H 2@83B)

~1.67 HB+ 0.40 W
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17 APPENDIX H: COMPLETE PERFORMANCE RESULTS



Touchscreen

Table 17.1. Summary statistics of touchscreen task time andewrign=22)
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Location
A B C D Mean/S.D. of Time
Mean 28.9 28.0 27.3 28.0 28.1 2.8
Time S.D. 2.4 3.3 3.0 2.4
Min 24.8 21.1 24.3 24.4
Max 34.4 38.3 33.8 34.9
Mean 0.32 0.14 0.36 0.18 Mean/S.D. of Misses
Misses S. D. 0.72 0.47 1.00 0.50 0.3 0.7
Min 0 0 0 0
Max 3 2 4 2
Table 17.2. One-way ANOVA results of time for touchscreen task22)
Ss DOF MS F p Observed
power
Intercept| 69333.80 1 69333.80 3163.42( <0.0001 1.0000
Error|  460.26 21 21.92
Location|  28.47 3 9.49 2.990 0.0375 0.6797
Error 199.92 63 3.17
Table 17.3. One-way ANOVA results of misses for touchscreek {(as22)
ss DOF MS F D Observed
power
Intercept|  5.5000 1 5.5000 12.1579 0.0022 0.9136
Error|  9.5000 21 0.4524
Location| 0.7727 3 0.2576 0.5035 0.6812 0.1469
Error| 32.2273 63 0.5115
Wertical bars dencte 0.95 confidence intervals
a5
* 3 5 0
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Figure 17.1. Plot of location means of time (sec) and missesdochscreen task

Table 17.4. Post-hoc comparison of location means for time =2

A B C D
A 0.3206 0.0214 0.2915
B 0.5994 0.9999
C 0.6364
D
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Keyboard
Table 17.5. Summary statistics of keyboard task time and migse22)
Location
A B C D Mean/S.D. of Time
Mean 29.3 29.3 29.6 29.1 29.3 7.0
Time S.D. 6.7 7.9 7.0 7.0
Min 18.5 18.9 19.4 18.4
Max 42.4 47.5 46.6 44.6
Mean 0.18 0.32 0.18 0.23 Mean/S.D. of Misses
Misses S.D. 0.39 0.57 0.50 0.69 0.2 0.5
Min 0 0 0 0
Max 1 2 2 3
Table 17.6. One-way ANOVA results of time for keyboard task 22F
ss DOF MS F p Observed
power
Intercept| 75650.47 1 75650.47 381.4441 <0.0001 1.0000
Error| 4164.86 21 198.33
Location 2.19 3 0.73 0.3416 0.795337 0.1131
Error 134.80 63 2.14
Table 17.7. One-way ANOVA results of misses for keyboard task22)
ss DOF MS F p Observed
power
Intercept 4.5455 1 4.5455 11.2903 0.0030 0.8931
Error|  8.4546 21 0.4026
Location|  0.2727 3 0.0909 0.3424 0.7947 0.1132
Error| 16.7273 63 0.2655
Vertical bars denote 0.85 confidence intervals
40
a5
S D S S G
20
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10
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Figure 17.2. Plot of location means of time (sec) and misse&égboard task
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18 APPENDIX I: COMPLETE SUBJECTIVE ASSESSMENT
RESULTS

Post-hoc comparisons were made using Student-Newmam-Keuls test.

__R-R _ R-R
\/p“( p+1) \/(4)(22)( 43
12 12

Where R, and R; are the rank sums of the groups (locations) being compared,

is the number of groups spanned, ant the number of subjects. The critical value of

g is then compared (Glantz, 1992).
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