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Changes in Heart Rate of University Students
during Alpine Skiing
in General Physical Education Class

Yuji SATO, Shigenobu SOTOKAWA, Kazunori ASABA,
Hirohumi MIYATA, and Takashi HONMA

Abstract :

This study was undertaken to examine the changes in heart rate of uni-
versity students during alpine skiing in general physical education class,
thereby evaluating exercise intensity during alpine skiing in relation to
skiing skill or comparing with that during cross-country skiing. Subjects
were 16 male students aged 21-26 years. Results were as follows;

1) 1In class for beginners, mean heart rate in whole class (165 minutes)
was 1151 £ 9.0 beats/min, which was corresponding to 41.7 *
8.0%HRmax (calculated based upon resting heart rate and predicted
maximum heart rate).

2) In class for intemediate-ranked group, mean heart rate in whole class
(216 minutes) was 122.9 = 10.5 beats/min, which was corresponding to
47.7%8.1%HRmax.

3) In class for advanced group, mean heart rate in whole class (166 mi-
nutes) was 126.4 & 6.5 beats/min, which was corresponding to 50.0 £
5.2%HRmax.

4)  Mean values of maximum heart rate in whole class were 156.2 + 8.8
beats/min for beginners, 171.0 & 13.8 beats/min for intermediate-ranked
group, and 178.8£7.0 beats/min for advanced group, respectively.

5) Mean values of individual heart rate in alpine skiing class were lower
than those in cross-country skiing class.

These results suggest that exercise intensity in alpine skiing class are in-
creased in associated with advancement of alpine skiing skill and cross-
country skiing could be effective for ensuring exercise intensity.

Key words: Heart rate + Exercise intensity * Alpine skiing * Gross-country
skiing * % HRmax
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Table 1

Physical characteristics, alpine-skiing career, resting heart rate(HRrest) and estimated

maximal heart rate(HRmax) of subjects in each group.

Group Variables Subjects Mean =+ SD
I-1 1-2 -3 1-4 I-5
Age 22.1 21.5  23.89  21.9 23.0 22.5 £ 1.0
(years)
Height 170 160 170 166 175 168.2 * 5.6
(cm)
Veight 62 52 58 56 65 58.6 # 5.1
Group | (kg)
Career 0 6 3 2 2 2.6 £ 2.2
(n=5) (days)
HRrest 63 51 63 66 66 61.8 * 6.2
(beats/min)
HRmax 190 190 188 190 189 189.4 + 0.9
(beats/min) )
1-1 1-2 11-3 11-4 11-5 11-6
Age 21.9 21.2 22.6 22.6 22.1 21.2 21.9 * 0.6
(years)
Height 174 173 174 165 171 160 169.5 * 5.8
(cm) -
Weight 56 61 72 64 57 50 60.0 * 7.8
Group 11 (kg) 2
Career 8 8 9 10 10 6 8.5 £ 1.5
(n=6) (days)
HRrest 63 57 66 66 54 66 62.0 £ 5.3
(beats/min)
HRmax 190 190 189 189 190 191 189.8 * 0.8
(beats/min)
-t -2 141-3 -4 Hi-5
Age 21.8 26.8 21.7 22.0 21.9 22.8 & 2.2
(years)
Height 178 165 173 168 173 171.4 = 5.0
(cm)
Weight 67 63 70 60 63 64.6 = 3.9
Group 111 (kg) b
Career 25 17 90 80 100 62.4 * 38.6
(n=3) (days)
' HRrest 63 60 66 66 63 63.6 = 2.5
(beats/min)
HRmax 190 186 189 190 180 189.0 *+ 1.7
(beats/min)
a . P<0.01 when compared with Group |.
b ! P<0.01 when compared with Group [I.
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B Walking

C Ski lift
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E Lesson(Snow plow turn)

F Ski lift

G Lesson(Traverse)

H Rest

| Lesson(Parallel turn,
Snow plow turn)

J Ski lift

K Rest

L Lesson(Snow plow turn)

M Rest

N Lesson(Snow plow turn,
Stem turn)

O Ski lift

P Lesson(Snow plow turn,
Stem turn)
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1 1
120 140 160

Fig.1 Changes in average heart rate of Group-I subjects. Broken line represents the mean of aver-

age heart rate of five subjects during whole class. This class was performed under the fol-

lowing condition: weather, clear; atmospheric temperature, 8°C; snow temperature, —0.4°C;

snow condition, wet snow.
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Table 2 Mean values and range of individual heart rate of Group- I subjects in each period. ‘

Time Subjects
(min) 1 2 3 4 5 Mean t+ SD
Explanation 6 115.0 a2 118.2 141.8 126.2 126.3 125.6 £ 10.4
(102-127) (101-141) (113~167) (118-139) (112-144)
|
Walking T 134.3 133.8 139.4 - 119.3 112.4 127.8 £ 11.4
‘t : (121-152) (109-154) (122-167) (108-146) (102-146)
Ski lift k 17 109.9 108.1 124.2 109.1 100.0 110.3 £ 8.7
( 85-158) ( 88-140). (106-170) ( 91-142) ( 86-133)
Lesson(Snow plow 15 126.1 117.0 134.0 116.4 115.7 121.8 + 8.0
tuzr)b (110-138) ( 99-136) (117-150) (100-136) (100-133)
Ski lift 9 105.8 103.3 117.0 99.3 102.8 105.6 + 6.8
( 87-146) ( 90-123) (103-145) ( 86-129) ( 90-130)
b .
Lesson(Traverse) 7 113.7 111.3 128.7 100.9 111.7 113.3 £ 10.0
(104-135) (100-138) (119~150)  90-120) ( 93-153)
i
Rest 5 119.4 100.8 129.6 102.4 114.4 113.3 + 12.1
(110-130) ¢ 73-110) (124-143) ( 94-115) (102-135)
Lesson(Paral lel ‘
turn. snow 14 122.4 119.5 136.4 113.1 108.6 120.0 + 10.6
plow turn)d (100-138) (104-135) (122-158) ( 98-125) ( 94-120)
e .
Ski lift 9 103.9 108.4 122.6 97.3 97.6 106.0 + 10.4
( 86-135) ( 92-132) (103-152) ( 83-122) ( 81-145)
l .
Rest 5 104.4 111.4 129.8 95.8 107.2 109.7 £ 12.6
( 95-119) (108-118) (125-136) ( 86-107) ( 95-121)
Lesson(Snéw plow 11 123.5 115.8 135.3 107.6 113.5 119.1 + 10.7
turn)b (109-144) ( 96-130) (116~150) ¢ 90-127) ¢ 89-131)
f .
Rest 3 105.9 102.1 113.0 90.9 99.6 102.3 £ 8.1
. (102-t11) ( 89-109) (108-119) ( 87- 94) ( 93-105)
¥
Lesson(Snow plow
turn, stem 8 134.3 123.8 133.1 110.4 118.1 123.9 + 10.1
tuz?)b (120-141).(102-140) (113-152) ( 93-127) (105-128)
Ski {ift 13 103.0 97.8 116.9 91.8 96.8 101.3 £ 9.8
( 84-136) ( 81-133) (100-159) ( 73-123) ( 84-128)
Lesson(Snow plow
turn, stem 24 127.8 111.9 140.0 114.8 115.5 122.0 £ 11.8
turn)b ( 96-149) ( 93-132) (120-169) ( 94-134) ( 91-138)
Whole class 165 117.3 111.8 129.8  107.6 108.9 115.1 £+ 9.0
( %HRmax ) ( 42.8) (43.7) (53.4) (33.5) (34.9) (41.7% 8.0

Underline represents maximum heart rate of individual subjects during whoie class.

a . range

b : These lessons were performed at a gentle slope(mean gradient: 10.97)
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turn)
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Fig. 2 Changes in average heart rate of Group-II subjects. Broken line represents the mean of
average heart rate of six subjects during whole class. This class was performed under the
following condition: weather, cloudy; atmospheric temperature, 9.5°C; snow condition, wet
Snow. '

Group I March 8, 1986 9:05~11:50
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Fig. 3 Changes in average heart rate of Group-IIl subjects. Broken line represents the mean of

average heart rate of five subjects during whole class. This class was performed under the

following condition: weather, clear; snow condition, wet snow.-
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Table 3° Mean values and range of individual heart rate of Group- Il subjects in each period.

Subjects

1 2 3 4 5 6

Mean £ SD

Time
(min)
Free skiing 63
Explanation 2
i
Lesson(Side- 2
slipping)b
i
Ski 1ift 7
Lesson(Parallei 15
turn)b
¥
Ski lift 7
Lesson(Paratlel 5
turn)b
4
Explanation 2

VTR recordingc 13
4

Ski tift 22

Explanation 4

¥
Lesson(Skiing 18
moguls at steep

116.7 2 114.9 143.1 126.9 119.1 117.3
( 86-159) ( 86-152) (110-183) (103-177) ( 89-161) ( 92-163)

105.5 113.0 127.5 115.0 120.5 122.0
(100-111) (105-121) (126-129) (115-115) (120-121) (122-122)

121.5 124.5 147.0 120.0 129.5 130.0
(119-124) (119-130) (140-154) (118-121) (127-132) (127-133)

103.3 99.7 124.7 106.4 103.6 116.2
( 95-119) ( 91-119) (117-148) ( 97-126) (102-127) ( 87-137)

122.1 122.4 146.1 121.3 117.5 1.3
( 98-152) ( 97-153) (123-176) (102-153) (104-137) ( 93-136)

99.0 96.3  117.3 104.6 102.7 91.9
( 93-109) ( 90-111) (127-167) (108-148) (105-139) ( 92-133)

126.0 113.8 147.2 . 126.2 117.2 112.0
(102-140) ( 90-153) (127-167) (108-148) (105-139) ( 92-133)

118.5 109.5 129.0 119.0 108.0 115.5
(116-121) (108-113) (128-130) (114-124) (107-109) (113-118)

128.2 107.5 129.9 122.4 106. 1 96.5
(109-165) ( 89-156) (117-176) (111-138) ( '92-133) ( 83-136)

89.9 92.2 118.4 104.5 9.0 90.0
( 76-119) ( 77-136) (103-154) ( 91-133) ( 78-125) ( 74-118)

107.0 105.3 135.0 112.0 112.5 107.0
€ 94-120) ( 91-113) (115-149) (103-121) (106-116) ( 94-115)

131.7 118.1 167.9 142.1 123.1 116.8

( 95-157) ( 91-160) (120-191) (107-173) ( 94-160) ( 92-149)
89.2 93.3 132.3 111.9 104.1 86.8

( 70-118) ( 80-115) (120-167) (101-126) ( 92-127) ( 75-106)
130.5 124.1 172.7 145.6 127.3 114.3

( 98-169) ( 90-160) (141-196) (115-173) ( 89-159) ( 89-137)
118.0 124.3 159.7 135.3 127.3 132.0

(103-130) (106-139) (149-167) (123-144) (110-136) (106-145)

122.9 118.1 149.3 134.0 122.7 110.2
(100-156) ( 94-151) (117-184) (108-170) (103-150) ( 80-143)

80.0 91.4 115.0 104.2 97.8 82.2
( T7- 85) ( 87-106) (111-122) ( 97-110) ( 93-111) ( 75-100)

123.0 + 10.7

7.3+ 7.8

128.8 + 9.8

110.0 £ 9.1

123.5 + 11.8

102.0 + 8.8

123.7 + 13.0

116.6 ¢ 7.6

115.1 & 13.7

98.2 + 11.3

113.1 £ 11.9

133.3 £ 19.4

102.9 + 17.1

135.8 £ 20.8

132.8 £ 14.5

126.2 + 13.7

95.1 ¢+ 13.5

slope)
Ski lift 12
¥
Lesson(Skiing 17
moguls at steep
slope)d
Explanation 3
¥
Free skiing 19
¥
Ski Tift 5
Whole class 216
( XHRmax )

116.6 125.0 142.2 124.2 114.7 114.9
(42.2)  (51.1)  (62.0)  (47.3)  (44.8)  (39.1)

1229 ¢ 1

@r.7

[--N =]
.
N

)

H

Underline represents maximum heart rate of individual subjects during whole class.

a . Range

. These lessons were performed at gentle slopes(mean gradients; 10.9° and 13.5° ) .

b
¢ . VIR recording were performed at a gentle slope(mean gradient; 13.5° )
d : Mean gradient of the steep slope was 21.3° .
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Table 4 Mean values and range of individual heart rate of Group-lll subjects in each period.

Time Subjects
(min) 1 2 3 4 5 Mean + SD
Explanation, .
Warm-up, 20 117.2 a  123.2 116.0 134.0 119.1 121.9 + 7.3
Ski lift (99-150) (102-151) (105-135) (111-158) (103-153)
Free skiing 40 129.6 128.2 129.5 137.9 134.1 131.9 £ 4.0
(ski lift x 3) (102-175) (102-162) (102-168) (108-181) (108-183)
}
Lesson(Tr'\verse. 20 132.9 127.6 129.2 146.4 142.4 135.7 £ 8.3
uphi turn)b (111-163) (91-167) (109-167) (118-178) (125-18D)
!
Ski lift 45 105.3 113.4 100.4 120.7 117.6 111.5 + 8.5
(93-145). (85-160) (84-134) (102-156) (101-149)
i
Lesson(Stem 41  -128.4 138.4 127.1 143.4 138.4 135.1: £ 7.2
turn)© (105-162) (119-169) (102-180) (112-183) (112-174)
Whole class 166 121.6 126.0 119.1 135.2 129.9 126.4 + 6.5
(46.1) (52.4) (143.2) (558 (52.7) (50.0¢+5.2)

( *HRmax )

Underline represents maximum heart rate of individual subjects during whole class.

a .
b

range

These were performed at a gentle slope(mean gradient; 8.5)

¢ . This lesson was performed at a steep slope(mean gradient; 21.3")
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Fig. 5 Individual values of average heart rate during alpine skiing or cross-country (X—C) skiing

classes in each group.
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