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ABSTRACT

This study aimed to evaluate the usability and performance of hard-shell jackets among
male and female alpine climbers, with a focus on identifying the sex-related differences
in garment functionality and comfort. A total of 478 climbers (311 males, 167 females)
participated in the online survey assessing their experiences related to protection, thermal
performance, mobility, and satisfaction with various jacket features (116 questions).
Statistical analysis revealed that female climbers reported significantly higher injuries
during climbing and dissatisfaction with the windproofing performance compared to
males (all Ps < 0.05). Additionally, although not statistically significant, females showed
a tendency toward greater discomfort in areas such as lower back exposure, limited
mobility in the waist, and increased sensitivity to cold, particularly in the lower body.
The present results highlighted the need to focus on male/female designs in technical
outdoor wear, especially in cold environments where thermal protection and anatomical
compatibility are critical. Based on these insights, we recommend specific improvements
in jacket length, adjustability, and material configuration to accommodate mobility and
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thermoregulation. This study could contribute to the growing discourse on inclusive
design in performance gear and offers practical guidance for developers of outdoor

equipment.
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Table 1. Six parts and questions of the questionnaire used in the present study

A. General characteristics of respondents

1 Age (y) 9  Scratch injury experiences during climbing

2 Year of birth (yyyy) 10 Bruise injury experiences during climbing

3 Body weight (kg) 11 Sprain injury experiences during climbing

4 Height (cm) 12 Fracture injury experiences during climbing

5 Occupation 13 Body part that experienced any climbing related injury
6 Climbing style 14 Muscle or joint pain due to climbing

7  Year experienced in rock climbing (y) 15 Body part that experienced muscle or joint pain due to
8  Year experienced in ice climbing (y) climbing

B. Uncomfortable movement / Body part

16 Discomfort in arm movements when climbing in a hardshell jacket

17 Discomfort in torso or waist movement while climbing in a hardshell jacket

18 Discomfort in head or neck movement caused by hardshell jacket during climbing
19 Discomfort in leg movements caused by wearing a hardshell jacket during climbing
20 The most uncomfortable upper body area during climbing

21 The most uncomfortable lower body area during climbing

22 Open—ended responses about uncomfortable movements during climbing

C. Wearing characteristics

D. Purchase status of hardshell jacket and pants

23 Clothing items worn for rock climbing in summer
24 Clothing items worn for rock climbing in winter
25 Clothing items worn for rock climbing in spring

and fall

26
27
28
29
30
31

32

Year of purchased hardshell jacket

Price of purchased hardshell jacket

Reasons for purchasing hardshell jacket

Maximum amount willing to spend on a new purchase
Reason for needing to purchase a new hardshell jacket
Important factors considered when purchasing
hardshell pants

Factors considered more when purchasing hardshell
pants compared to hardsehll jacket (self-reported
question)
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E. Complaints on hardshell jacket and pants

33
34
35
36
37
38
39
40
41
42
43
44
45
46

47

48
49
50
51
52
53
54
55
56
57
58

59

60

61

62

63
64

Wind-proofness of jacket

Water—proofness of jacket

Thermal insulation of jacket

Wind-proofness of pants

Water—proofness of pants

Thermal insulation of pants

Impact of the jacket on mobility at the waist
Impact of the jacket on mobility at the neck
Waist exposure due to the jacket

Discomfort with the front closure of the jacket
Discomfort at the wrist area of the jacket

Lateral visibility when wearing the jacket’s hood

65 Sleeve length of the jacket
66 Total length of the pants
67 Cuff design of the jacket sleeves

68 Overall looseness of the jacket leads to discomfort

69 Overall looseness of the pants leads to discomfort

70 The jacket’s fit creates a bulky silhouette, causing

dissatisfaction

71 The pants’ fit creates a bulky silhouette, causing

dissatisfaction

72 The jacket feels bulky and heavy

73 Dissatisfied with the design of the underarm ventilation

zippers

Vertical visibility when wearing the jacket’s hood 74 Narrow leg openings cause discomfort during movement

Friction—induced damage to the jacket during
climbing

Friction—induced damage to the pants during
climbing

Stretchability of the jacket material
Stretchability of the pants material

Texture of the jacket lining

Texture of the jacket outshell

Brushed lining (or fleece) inside the pants
Jacket contamination status

Jacket stain removal and laundering

Jacket odor absorption or emission

Jacket colors

Pants colors

The jacket fades or discolors after extended
exposure to sunlight

75 Uncomfortable waist design on the pants

76 Uncomfortable fit of the jacket’s hood

77 Limited visibility due to the attached hood

78 Jacket fit
79 Jacket fit
80 Jacket fit
81 Jacket fit
82 Jacket fit
83 Jacket fit
84 Jacket fit
85 Jacket fit
86 Jacket fit
87 Jacket fit
88 Jacket fit
89 Jacket fit
90 Pants fit

Discomfort during rope or harness use caused by 91 Pants fit

pocket placement

Difficulty or discomfort when inserting hands
into jacket pockets

Not enough pockets on the jacket

Pocket size on the jacket

Total length of the jacket

Back length of the jacket

92 Pants fit
93 Pants fit
94 Pants fit
95 Pants fit

allowance by
allowance by
allowance by
allowance by
allowance by
allowance by
allowance by
allowance by
allowance by
allowance by
allowance by
1l

allowance by

I
1
1l
1
1
1

a
a
a
a
a
a

area — hood

area

area

area

area

area

area

area

area

area

area

area

llowance by area
llowance by area
owance by area
llowance by area
llowance by area

llowance by area

neck

- shoulder

— armpit

chest

abdomen

upper back

lower back

upper arm

lower arm

wrist

walist

— abdomen

inseam

hip

Thigh
calf

ankle

96 Discomfort experienced while wearing a jacket or

pants(self-reported question)

F. Suggestions for improvement of hardshell jacket and pants

97

Improved windproof performance would be appreciated.

97 Enhanced waterproof capabilities would be beneficial.

99

A lighter weight design would be preferred.

100 A design that offers greater comfort during a variety of movements would be ideal.

101 A more user—friendly front closure design would be appreciated.
102 It would be helpful if the jacket could be easily packed into a backpack.
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Table 1. Continued

F. Suggestions for improvement of hardshell jacket and pants

103 Improved stretchability of the outer fabric would enhance mobility.

104 A fabric that resists stains or dirt more effectively would be desirable.

105 A more durable outer fabric would increase the jacket’s longevity.

106 A wider selection of outer fabric colors would be welcome.

107 More size options for hardshell jackets would be beneficial.

108 Slightly longer sleeve lengths would be more accommodating.

109 A longer back length of the jacket would improve coverage.

110 Improved hood design to avoid obstructing vision would be helpful.

111 Better placement, number, and design of pockets would be appreciated.

112 Cuff design that allows convenient use of smartwatches and similar devices would be advantageous.

113 Adding brighter or more visible colors/designs for high visibility during climbing would be appreciated.

114 A more affordable price would increase accessibility.

115 Self-responses on the jacket and pants:

116 Self-responses on other clothing worn during climbing:
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Fig. 1.

Experiences of injuries during rock and ice climbing (‘Almost none’,

‘once in a while’,

‘often’, and ‘always’ represent 1~2 times, 3~4 times, 5~6 times, and more than 6 times

per year)(Q.11-14).
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Table 2. Responses about uncomfortable postures and movements during rock and ice climbing

Q.22)

Open responses

@ “Sufficient stretchability in the underarm area of the jacket is crucial.”

@ “Freedom of movement is essential when bending major joints of the body.”

® “When long-sleeve tops do not fit properly, the sleeves can interfere with or hinder crack climbing.”

@ “It also causes discomfort when lifting the legs above the chest, spreading the legs wide apart, or crossing

the legs in opposite directions.”

® “The attached hood on the jacket causes discomfort when tilting the head backward.”

® “When connecting the rope to the body, the clothing folds awkwardly or gets caught, causing discomfort.”

@ “There is some discomfort when in a kneeling or bent—knee position.”

“The abrasion resistance of the knee area of the pants needs to be improved with possible repositioning.”
© “The top tends to ride up, and the thigh area of the pants feels tight or clings to the body.”

“There is discomfort around the finger joints.”

@ “Raising the hands to the sides of the head causes discomfort.”

® “The inner lining of the jacket causes discomfort when it touches the mouth or nose.”

® “The sensation of the hardshell fabric touching the area under the chin when the zipper is fully closed is the

most uncomfortable.”

“The jacket feels slightly oversized, which causes discomfort during ice climbing.”
® “When climbing with both a hardshell jacket and a harness, it is uncomfortable when the jacket slips out

from under the harness.”

® “If the length of the hardshell top is slightly short, it tends to ride up during upper body movements. A
longer length is preferred to prevent this, even when wearing a harness.”

@ “Wearing a harness over the hardshell jacket causes discomfort when bending at the waist.”
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=2 HHE(19%) <=°]UArk(Fig. 2).
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Fig. 2. Reasons that users purchased the hardshell
jackets they are currently wearing (331
males, 167 females) (Q.28).
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Table 3. Responses about the factors considered while buying hardshell pants (331 males, 167
females) (Q.32)

Open responses

@ “Durability is especially important for pants to prevent tearing on ice walls. They shouldn’t be too thick or
stiff. As the knee area tends to wear out quickly, it would be better if the knee area were made from more
durable fabric. A design that can absorb impact in the knee area would be ideal.”

@ “Compared to jackets, comfort, stretchability, and mobility are more critical for pants. Tight—fitting jackets
are acceptable, but for pants, a looser fit is preferred. Since leg movements are wide, ease of movement is
crucial especially upward knee motion.”

® “The lining of the pants should effectively absorb sweat from the legs. Ventilation are more important for
pants than for jackets.”

@ “Water repellency and thermal insulation are essential.”

® “Pants should be more lightweight than jackets.”

® “The hem width of the pants should be appropriate. If the hem is too wide, there’s a risk of it being torn
by crampons. The hem should be tight enough not to interfere with crampons and made from a material

(or reinforcement) that won't be damaged by crampon spikes.”

@ “The lower hem should stay down even when walking on snow, and prevent snow from entering.”

“A double-layer protection is needed around the groin to properly protect the male genital area with
sufficient crotch room.”

@ “The pants should provide solid protection for the feet.”

“Since pants are often worn alone without inner layers, their standalone performance is vital.”

@ “Having multiple pockets or storage options would be beneficial.”

® “The waistband should not have hard parts that press uncomfortably when wearing a harness.”

® “While jackets should have high visibility, pants are preferred in dark colors like black.”
“Pants should be suitable for everyday wear, not just for mountaineering.”
® “Pants should be more affordable than jackets. Brand matters more for jackets, but not so much for pants.”
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Table 4. Complaints about the functions and materials of hardshell jackets

and pants (Q.33-58)

Responses (%)

Items Sex 1 5 3 1 5 P
. . . . M 277 148 383 14.1 5.1
33. The jacket provides poor wind protection. E 208 162 246 204 90 0.013
. . M 331 29.6 21.5 11.3 45
34, The jacket lacks adequate waterproofing. F 424 162 204 150 60 0.162
. . . M 356 27.7 16.1 135 7.1
35. The jacket has poor thermal insulation. F 370 204 216 132 178 0.550
. . M 315 251 174 183 7.7
36. The pants offer poor wind resistance. F 299 156 257 192 96 0.191
- M 293 28.6 22.8 135 5.8
37. The pants are not sufficiently waterproof. F 328 204 234 180 54 0.708
S M 299 215 267 132 8.7
38. The pants provide inadequate warmth. F 346 162 222 216 54 0.922
. . . M 225 16.1 30.2 225 8.7
39. The jacket restricts waist movement. F 181 150 234 293 132 0.106
. . M 19.0 22,5 18.6 289 11.0
40. The jacket restricts head and neck movement. F 191 126 216 335 132 0.623
41. The lower back becomes exposed during certain movements, even M 254 264 222 199 6.1 0.068
when wearing the jacket. F 169 15,6 21.0 251 114 ™~
. . M 238 232 21.2 20.6 11.2
42. Tt is uncomfortable to open and close the front closure of the jacket. F 269 138 263 222 108 0.976
. . . . .. M 238 232 21.2 20.6 11.2
43. The cuffs of the jacket feel tight in certain positions. F 269 246 228 168 89 0.920
AV . M 215 228 16.7 20.3 18.7
44, Lateral vision is obstructed when wearing the hood. E 203 150 240 246 161 0.535
AV . . . M 17.0 27.0 17.7 20.6 17.7
45, Upward vision is obstructed when looking up while wearing the hood. E 245 108 246 216 185 0.498
46. The jacket’s outer surface gets scratched or torn due to friction while M 6.7 17.4 31.5 28.6 15.8 0.855
climbing. F 3.0 263 234 251 222~
47. The pants’ outer surface gets scratched or torn due to friction while M 55 18.6 21.9 31.8 22.2 0.152
climbing. F 7.7 234 192 31.1 186
. . - M 28 17.7 283 254 258
48. The jacket material lacks stretchability. F 35 114 246 347 258 0.906
. - M 32 183 27 31.2 203
49. The pants material lacks stretchability. F 41 186 21.6 311 246 0.897
1 . .. M 7.4 289 267 257 11.3
50. T don’t like the feel of the jacket lining. F 72 323 299 204 102 0.678
1 . , . M 84 244 354 20.3 115
51. I don’t like the texture of the jacket's outer fabric. F 66 329 299 198 108 0.917
.. . . M 44 222 264 28.0 19.0
52. Brushed lining (fleece) in the pants is not necessary. F 66 305 275 168 186 0.110
. , . . . M 57 21.2 33.8 222 17.1
53. The jacket's outer fabric gets dirty easily. F 54 329 21.6 269 132 0.178
. . . . M 33 257 299 225 186
54. Stains on the jacket are difficult to remove even after washing. F 42 263 275 222 19.8 0.253
. . M 55 302 264 244 135
55. The jacket easily absorbs odors (e.g., smoke, food, sweat). F 66 287 311 204 132 0.561
. , . M 44 203 267 29.6 19.0
56. The color of the jacket’s outer fabric looks monotonous. F 65 192 246 281 216 0.734
, . M 39 186 331 251 193
57. The color of the pants” outer fabric looks monotonous. F 71 240 192 198 299 0.852
58. The color of the jacket fades when exposed to sunlight for extended M 4.8 24.8 34.4 20.6 154 0.102
periods. F 6.6 281 305 21.6 132

P represents a significance in sex difference; 1. Disagree, 2. Somewhat disagree
Agree; M=Males, F=Females

, 3. Neutral, 4. Somewhat agree, 5.
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Table 5. Complaints about the designs of hardshell jackets and pants (Q.59-77)
Sex 1 2Respon3ses (%)4 - P

59. The placement of the jacket pockets is uncomfortable I\;[ 22 ;Zg 5161?) ;g‘? gg 0.982
60. It’s difficult to put my hands into the jacket pockets. I\;I gg gié ?iélt ggg ?2? 0.937
61. The jacket doesn’t have enough pockets. I\;[ 2151 ;;2 g;g 5(5)2 ﬁ; 0.344
62. The jacket pockets are too small. I\;I ié giz g;g %?)491 }2? 0.911
63. The overall length of the jacket is too short. I\;[ ;1(5) ;g; 255;(1) ;}Z g; 0.413
64. The back length of the jacket is too short. I\;I ;é ggf ;ié %zi }?8 0.728
65. The sleeves of the jacket are too short. I\;[ gi ;;; ggg %3151 }i; 0.115
66. The pants are too short overall. I\F/I 22 ggg ggg }22 }%8 0.698
67. The cuff design is uncomfortable. I\;[ gg ;gz gég %gg }32 0.354
68. The jacket feels too loose and uncomfortable, I\F/I gg ggg ;gi ég; 1g§ 0.558
69. The pants feel too loose and uncomfortable. I\;[ zé gzg ;g} 5(1)2 ﬁg 0.285
70. I don’t like that the jacket makes me look bulky. I\F/I 23 g;“; ;Si %gg }é? 0.116
71. T don’t like that the pants make me look bulky. I\;I 188 ;ig ;gg ;?8 ?(3)2 0.144
72. The jacket feels heavy after wearing it for a while. I\F/I gé géi ggg §g§ ??T 0.419
73. Tm dissatisfied with the underarm ventilation zipper design. I\;[ lex ég} ;ig ;(2)2 32 0.255
74. The leg openings are too tight, making it uncomfortable I\F/I 2(5) g?g 212 ;ég ﬁg 0.868
75. The waistband design of the pants is uncomfortable. I\;I gi ég? ;gg ?71;1 gg 0.925
76. The hood doesn’t fit my head properly. I\F/I 182 éig ;g? fég }ég 0.217
77. Wearing the hood obstructs my vision. I\;I ;‘2 g; 2(2)5 gg ég; 0.217

P represents a significance in sex difference; 1. Disagree, 2. Somewhat disagree
5. Agree; M=Males, F=Females

, 3. Neutral, 4. Somewhat agree,
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Fig. 3. Fit and allowance by body area in people wearing hardshell jackets and pants (Q78-95).
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Table 6. Responses about complaints regarding wearing hardshell jackets and hardshell pants (Q.96)

Item Open responses
Size & [Body]
movement @ “The jacket is too large, which makes it uncomfortable during ice climbing.”

@ “Changing clothes is very inconvenient; the fit is slightly too tight for easy on and off.”

® ‘It feels restrictive and pulls uncomfortably during wide or dynamic movements.”

@ “It feels uncomfortable when sitting down.”

® “A mismatch in size and fit between the hardshell jacket and pants can also lead to discomfort.”

® “If the garment is too small, it restricts movement and causes discomfort; if too large, cold air
enters and reduces body temperature.”

@ “Although I thought I had purchased the right size, the garment still felt loose.”

“Sometimes, women’s sizes are not available.”

© “I’s difficult to find clothing that fits my body shape properly.”

[Chest/Back]

@© “The jacket feels tight around the shoulders and restricts movement.”

@ “When wearing a harness during climbing, the bottom of the jacket keeps riding up and slips out
of the harness.”

@ “If the jacket is too short, it feels uncomfortable.”

[Sleeve/Wrist]

@® “The wrist area feels very uncomfortable during movement, sometimes restricting the range of

motion of my hands.”
@ “The shoulders fit well, but the sleeves are too loose, which feels uncomfortable.”
® “It’s uncomfortable that the sleeve length cannot be adjusted.”
@ “The wrist area often feels tight and restrictive.”
® “The hardshell jacket feels tight and uncomfortable under the arms.”
® “Due to improper length, the abdomen becomes exposed when raising the arms.”
@ “The jacket restricts movement at the shoulders and elbows.”
“The sleeve length of the jacket is too long for Fast Asian body types.”
© “The hardshell jacket lacks flexibility, making it uncomfortable to bend and extend the elbows.”
[Waist/ Abdomen/Hip]
@® “The groin area chafed and caused pain.”

@ “The crotch area feels too tight, making movement uncomfortable.”

®@ “It would be better if there were more stretch in the crotch and knee areas.

@ “If the pants fit my thighs and hips, the waist and length are too large, and the seat is too short.”
® “Wearing a harness causes discomfort due to interference with the waistband of the pants.”
[Leg/Ankle]

@ “The thigh or abdominal area sometimes feels uncomfortably tight.”

@ “Since I often wear two to three thin layers during climbing, there needs to be some room in the
thigh and calf areas.”

® “The inseam length of the pants often doesn’t fit properly.”

@ “When bending the legs, the ankle area gets exposed and feels cold.”

® ‘It feels constricting and uncomfortable when lifting the leg or making similar movements.”

® “When wearing thermal layers underneath, the crotch area gets tight and sweaty.”

@ “Loose-fitting ankle cuffs can snag during kicking motions, causing tears or discomfort.”

“It’s difficult to put on or take off the pants while wearing ice climbing boots.”

@ “Gore-Tex pants often have an inner snow gaiter with an elastic band, but it adds unnecessary
weight since I use separate gaiters anyway.”

“If the calf width is too wide, it interferes with crampons.”
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Table 6. Continued

[tem Open responses
Weight/ @® “The heavy hiking clothes made the climbing process more exhausting. The thickness restricted
thickness my movement.”
@ “The thickness made the clothing feel stuffy, and when the jacket was heavy, my shoulders
ached after the climb.”
® “To protect against friction, the garments are thicker than usual, which makes them look bulky
and unattractive.”
Durability ~ @ “The durability is poor. The fabric gets easily damaged or torn when it brushes against rocks.”
@ “While climbing, crampons often catch on the pants and cause damage. The inner ankle fabric
needs reinforcement.”
® “The garments tear easily when caught on ropes or rocks.”
@ “Once torn due to friction, the garments are difficult to repair.”
® “Despite being expensive, they wear out quickly from abrasion. Tiny holes and scratches
appear far too often.”
® “The pants also scratched easily and the knees wore out quickly.”
Breathability @ “The underarm area lacks ventilation, causing sweat to build up quickly and making it
uncomfortable.”
@ “The fabric often fails to absorb sweat properly. Quick—drying materials would be preferable.”
Water @ “Hardshell jackets and pants often compromise breathability due to their waterproof and
resistance windproof functions. When choosing pants and hardshell jackets, breathability and moisture
management should be key considerations for proper thermoregulation.”
@ “It’s frustrating when the waterproofing doesn’t perform as expected.”
® “Limited breathability may be inevitable due to waterproofing, but is it not possible to
develop materials that offer both high waterproofness and breathability?”
@ “When waterproofing is insufficient, snow can get inside the garment, making it cold and
heavy.”
Thernal @® “When the insulation of a hardshell jacket is insufficient, I have no choice but to layer up,
insulation which restricts movement. There’s a need for materials that are thin but highly insulating.”
@ “As a woman, I find the hip area feels colder.”
® “Compared to summer climbs when I wore a softshell, wearing a hardshell jacket during
climbs felt noticeably less comfortable or natural.”
Fabric @® “The pants lack stretch. Sometimes when bending or squatting, the tightness causes discomfort
_stretch as the fabric presses against the skin.”
@ “There needs to be a pant design shaped more like a Coke bottle - fitted but with the right
curves.”
® “T've had pants tear a few times due to poor stretchability.”
@ “For hardshell pants, better stretch would greatly improve comfort.”
Fabric @© “The garment isn’t fully resistant to stains, and it’s inconvenient to wipe off dirt immediately.”
_stain
Fabric ® “Compared to other clothing, odors linger more and don’t wash out easily.”
_smell
Fabric_ ® “The rustling noise is bothersome and makes movement slightly uncomfortable.”
sound @ ‘I tend to buy slightly oversized jackets, but they make distracting noise and get in the way.”
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Table 6. Continued

Item Open responses
Fabric ® “The fabric feels rough and stiff, which causes discomfort. In winter, the material tends to
_touchness become even more rigid.”

@ “It feels unpleasant when the fabric brushes against the skin.”
@ “When sweating, the fabric sticks to the skin and feels uncomfortable.”

Design ® “The hood isn’t spacious enough.”
_hood, neck, @ “With a helmet on, the hood feels tight; without a helmet, it's too loose—both are
collar uncomfortable.”

@ “Is there any way to adjust the hood besides using strings?”

@ “Wearing the hood obstructs vision and makes it harder to hear.”

® “The neck area feels uncomfortable; a more ergonomic and snug collar design would be

appreciated.”

Design @ “Due to the large size of modern phones, the pockets feel small.”

_pocket @ “There aren’t enough pockets, so I have to carry items externally while climbing, which is
inconvenient.”

® “Velcro on the pockets catches on things and causes annoyance.”
@ “The pockets are too small and poorly positioned.”

Design ® “The zipper is stiff and doesn’t slide easily.”
_zipper @ “Multiple zippers in various directions/locations would make changing clothes much easier.”
® “The pants don’t have a full side zip, making it hard to put on or take off over ice climbing
boots.”

@ “It takes too long to get dressed or undressed.”

® “Velcro closures and zippers sometimes come undone during climbs, compromising insulation
and requiring readjustments.”

® “Two-way zippers can be a bit uncomfortable to use.”

Design @® “The jacket and pants are too similar in color, making them hard to distinguish visually. I'd
_color like to see more variety in color options.”

Table 7. Requirements for improving wearable factors relating to hardshell jackets (Q.97-114)

Responses (%)

ti S
Question ex IR 0 1 >
, , i M 16 7.1 415 399 100
97. It would be better if the windproof capability were enhanced. 0.143
F 06 24 323 521 126
) ) ; M 23 68 379 392 138
98. I wish the garment provided better waterproofing. 0.651
F 06 6.0 275 479 180
) ) M 19 7.7 293 40.8 20.3
99. It would be better if the garment were lighter. 0.535
F 1.2 30 168 449 341
100. Greater comfort during a wider range of movements would be M 0.6 129 244 367 254 0.783
appreciated. F 12 06 114 527 341 °
101. A more convenient front closure design, such as a two—way M 06 7.1 354 392 177 0.856
zipper, would improve usability. F 12 12 234 539 204
102. Easy packability—folding or rolling into a compact size for M 1.6 55 283 431 215
S - 0.609
carrying in a backpack—-would be beneficial. F 06 00 204 515 275




514

SEAIGA MEIS|X] M36T 45 2025

Table 7. Continued

Responses (%)

ti S P
Question ex IR 0 0 5
. . . M 1.0 51 27.0 42.1 2438
103. Improved stretch in the outer fabric would enhance mobility. 0.143
F 12 18 222 46.7 28.1
- _ M 13 58 293 444 193
104. A more stain—resistant outer fabric would be preferable. 0.874
F 1.2 12 251 443 28.1
105. A more durable outer fabric would improve long—term M 10 35 322 389 244 0.309
performance. F 12 18 168 509 293
106. It would be great to have a wider range of color options for M 13 68 350 399 17.0 0.575
the outer fabric. F 06 42 216 497 240
. . . M 16 55 383 350 19.6
107. A broader range of jacket sizes should be available 0.590
F 12 24 281 473 21.0
) ) M 23 225 328 322 10.3
108. Slightly longer sleeves would improve coverage and comfort 0.639
F 24 114 335 37.1 156
109. A longer back hem would be beneficial, especially during M 00 10.0 421 36.7 11.3 0.231
climbing,. F 18 54 257 449 222
110. The hood should be designed to avoid obstructing peripheral M 1.0 58 354 418 16.1 0,43
vision F 06 3.6 246 455 257
111. More practical pocket placement and quantity would improve M 0.6 154 286 402 151 0715
functionality F 06 54 240 503 198
112. Cuffs designed to allow easy use of smart watches or M 1.0 64 344 424 158 0.129
wristwatches would be appreciated F 06 30 186 545 234
113. High-visibility colors or patterns would help enhance safety M 13 151 29.6 41.2 129 0.492
during climbs F 18 42 269 431 240
114. A more affordable price point would make the product more M 00 29 238 421 312 0.757
accessible F 06 06 144 467 377
P represents a significance in sex difference; -2 Strongly disagree, —1 Disagree, 0: Neutral, 1 Agree,
2 Strongly agree; M=Males, F=Females
Table 8. Responses about improving wearable factors relating to hardshell jackets and pants
(Q.115-116)
Item Open responses
Price @ “A full range of apparel is needed, from affordable entry—level models to high-end options.”
@ “It would be ideal if a single garment could provide insulation without the need for multiple layers.”
Insulation @ “Layering in winter makes the outfit too heavy; lighter garments with better insulation would
be appreciated.”
@ “A wider variety of colors would allow for more options.”
@ “High-visibility colors or reflective materials should be used for better visibility to other climbers.”
Color / ® “UV-protective colors or fabrics should be introduced.”
Pattern @ “Bright colors are preferred for jackets.”

® “A customizable line that allows users to choose their own design and pattern combinations

would be great.”
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Table 8. Continued

Item Open responses
Storage @® “A foldable and packable design would be convenient for storage in a backpack.”
Moisture @ “A product line with enhanced moisture-wicking and breathability for people who sweat heavily

absorption / would be helpful.”
Breathability / @“The garment should also dry quickly after sweating.”
Quick—drying

Stretchability @ “Stretchable fabric in specific areaswould improve mobility for large movements (e.g., lifting a
knee above the head). Stretch is especially important in pants.”

Lightweight @ “Reducing the weight by about 10% would be ideal.”

Size / Closure @ “Pants should have an adjustable waistband and boot hooks.”

/ Pockets @ “The pant closure should use buttons, with the option to add a drawstring. Hooks should be
avoided.”

“Pants and sleeve lengths should be designed to fit East Asian body types.”

“Zippers must be durable and compatible with ice climbing boots.”

“Zippers should extend lower to make urination easier.”

“Cuffs and ankles should have Velcro adjustments for secure fastening.”

“Cuffs should be designed so that a smartwatch screen is visible during wear.”

“Two-way zippers are essential.”

“Zipper pulls should be concealable to avoid interference with ropes.”

“Pockets on the sleeves are essential.”

“Side zippers that fully open from top to bottom are necessary for easy on/off with crampons.”
“A chest pocket and inner chest pocket are needed; side pockets are not essential.”

“Waist—level pockets on hardshell jackets are uncomfortable and should be avoided.”

“A dedicated phone pocket for secure storage is necessary.”

“Durability should be enhanced in high-wear areas like the knees, elbows, and cuffs.”

“It's frustrating when crampon points tear the fabric near the hem.”

Durability

CRCECHER=RSNSNCRCROESRONORORE)

“The front of the body requires more durable materials than the back.”

Others @ “Designs change with every new model, but it's unclear if the performance improves.”
@ “Expert advice should be available when purchasing garments in—store or online.”
® “More user reviews and product comparisons should be available.”
@ “It would be ideal if actual climbers participated in the product planning stage.”
® “For emergencies, a built=in tracking function inside the garment would be beneficial.”
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