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ABSTRACT

Objective: The present study developed a comprehensive usability testing and analysis framework based on a physical
interface model of product and user and applied the proposed framework to usability testing of canister-type vacuum cleaner.
Background: The development of a user-centered product design is important to satisfy customers who want to use the
product with ease of use and to keep the manufacturer competitive in the market. Method: The proposed testing and analysis
framework consists of (1) characterization of physical product-user interface, (2) preparation and administration of usability
testing questionnaire, and (3) analysis and interpretation of usability testing results. A usability evaluation of five vacuum
cleaners was planned and administered based on the proposed framework and its analysis produced detailed and overall
usability testing results for various aspects such as tasks, usability criteria, and design components. Results: The testing results
were further utilized to identify usability problems and preferred design features of the vacuum cleaners. Conclusion: The
proposed usability testing and analysis framework was found effective to identify preferred features and problems of a
product design in a systematic, holistic manner. Application: The proposed framework can be of effective use for practitioners
of product design and development to obtain comprehensive, quantitative usability testing information in a systematic manner.

Keywords: Physical user interface; Comprehensive usability testing; Multi-faceted evaluation; Preferred design features and
problems
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Table 1. Analysis of product characteristics(illustrated)

a) Product: components [C]

Category Component
Carriage handle
Body Buttons
Display
Wand handle
Hose
Wand -
Telescopic wand
Brush
b) Task [T]
Frequency Category Task
Infrequent Hose installation/uninstallation
K Assembly
tas Brush exchange
. Power supply
Preparation - -
Brush installation
) Movement using carriage handle
g:?tlve Button Power on/off
Operation control Suction force control
) Floor
Cleaning
Gaps
¢) User: usability measures [M]
Measure Definition
Comfortable The extent to which comfortable postures are
posture maintained while operating the product
. . The extent to which motions are efficiently
Efficient motion
used to operate the product
Natural motion The extent to which natural motions are used

to operate the product

Effective use of | The extent to which forces applied to operate

force the product are acceptable
Fitothrnd | e exn 6wtk b bandle o i s
Ease of use The extent to which a user easily operates the
product
d) Environment
Area under the furniture
Furniture Area on the top of the furniture
Gap between furniture pieces
Door threshold
Entrance and veranda
Bed and blanket

2.1.2 Analysis of relationships between human-product

subsystems
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Table 2. Analysis of relationships between human-product subsystems(illustrated)
a) Tasks X Components [T X C]
Component [C]
Task [T] Body Wand
Case | Buttons | Display | Carriage handle | Telescopic wand | Brush
. Power supply ¢}
Preparation - -
Brush installation o o
) Movement using carriage handle (0] (0]
1;:?“‘/6 Button Power on/off (6] (6]
Operation | control Suction force control (0] (0]
. Floor O o
Cleaning
Gaps O (0]
b) Tasks X Usability measures [T X M]
Usability measure [M]
Task [T] Comfortable | Efficient | Natural | Effective use | Fitto the | Ease of
posture motion | motion of force hand use
. Power supply (0] o o
Preparation - -
Brush installation (¢ (0] o
) Movement using carriage handle o (0] (0] (0]
Lt:g{atlve Button Power on/off 0] O
Operation | control Suction force control 0 0]
. Floor (0] (0] o (0]
Cleaning
Gaps o o o (0]
Table 3. Usability evaluation questionnaire(illustrated)
Component Task Usability questions Score
. The extent to which the brush is connected to the tube at a | Low High
Connection of Ease of use single trial without error OP®®06
brush to tube - - -
The extent to which the brush is easily connected to the tube (OXORONONO)
Brush The extent to which the button on the brush is pressed by DOO®G
Disconnection of applying a proper force
brush from tube Ease of use - —
Tus The extent to which the brush can be easily disconnected from
DQO®O6
the tube
Comfortable The extent to which the handle is operated with a comfortable DO G
posture posture at the hand and arm
. The _extent to which the handle is operated with a evenly DO G
Effective use | distributed force
of force The extent to which the handle is operated by a proper amount
Carriage M of force to move the cleaner P v Peoe06
handle ovement
The extent to which the handle is easily grasped P@O®O6
Fit to the hand i i ; i
The extent to which the handle fits the hands in various sizes DO G
and shapes
Ease of use The extent to whlc;h the handle is effective to keep the cleaner DO G
body balanced during movement
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QIZbEEA H7L 71wl Wigh AR H7F AdkE ekl ARSA Ve o QREEEHA Ht VleEel st AR
Artgc) €5 B9, & 4% brushell tigt A HAee AFE Al Bste] AEEs BolEh
brushE AH&-sh= 2= (ol brush AAH #2)) 9] AL upAEko 2 s o A 84 A o4 AEE
A A% Barstel AEHOv brush A A A A 9 A A A S8E 48 F oA *
Table 4. Usability testing results by task(illustrated)
o Model A Model D
Component Task Usability measure
Average | Grand average | Average | Grand average
Connection of brush to tube Ease of use 44 3.0
Brush - - 44 3.1
Disconnection of brush from tube | Ease of use 44 33
Comfortable posture 33 33
i Effective use of force 29 39
l?:rﬁfz £¢ Movement - veu 32 30
Fit to the hand 35 35
Ease of use 33 4.0
Table 5. Design characteristics of canister-type vacuum cleaner(illustrated)
Component Dimension Model A Model B Model C Model D Model E
Yes no feedback no feedback
Visual feedback same as left same as left ’ a
ot al i
Auditory clicking sound same as left same as left no feedback no feedback
feedback when connected
Weight(g) 314 314 314 460 632
Location of wand handle wand handle wand handle main body main body
controller
Suction force button type button type sliding type dial type dial type
controller Controller J 8 | l '/‘ o 2
type ) [ 9 ! =
® » |
Size: WXLXT | 165%85%2.0 | 205%12X1.5 | 180X70X15 | 11.0X55%23 | 13.0X2.0%3.0
(unit: cm)
The number
of handle ! 2 2 1 !
Location top top and front top and front front front
) U-shape, folding | U-shape, folding | U-shape, folding U-shape, fixed U-shape, fixed
Carriage — 2 s B —
handle Shape & type . '
Shape of eri rectangular round rectangular rectangular round
pe ol grip (inside sloped) (inside curved) (inside straight) (inside curved) (inside curved)
. . . . . Plastic
Material Plastic Plastic Plastic Plastic (rubber padding)
Size: WXL XH | 56 3540.0X30.0 | 26.1X364%22.6 | 26.7%33.5%20.0 | 27.5X23.0X36.5 | 25.0X46.0% 26.0
Body (unit: cm)
Weight(kg) 5.8 4 43 3.8 6.2
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3. Case Study: Canister Vacuum Cleaner

3.1 Evaluation method
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Figure 2. Usability evaluation: brush connection mechanism
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Figure 4. Usability evaluation: carriage handle

4. Discussion
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