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On the Frequency of Miscalculation in Astro-Navigation

Yasuaki TAkAKI, Masaji Gopa, Shigekatsu NAKANE,

Toshiyuki Kuno, and Hiroshi YOSHIMURA

In the previous paper, we reported on the rate of miscalculation in various calculations of one

junior class and one postgraduate class.

In the present paper, we investigate the frequency of errors of astro-calculation about 3 classes
(A, B, C) during 3 years. Cadets of these were 103 man-days of navigator course in our Faculty of
Fisheries. We obtained the data from their practice notes of astro-navigation during the training

voyages from 1973 to 1977.

As a result, there was no significant difference among the classes (A, B, C) in the one’s school
year, but it was found that there were differences througt their experiences among the school
years. The percentage of miscalculation of each school year was as follows:

Junior classes (3), about 42%; Senior classes (4), about 30%; Postgraduate classes (5), about

28%.

The rate decreased rapidly from junior classes to senior classes. There was no difference in the
standard deviation between junior and senior classes. Each figure showed +15~16%. It showed a

tendency to decrease about postgraduate classes.
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This was about +£129%.

B¥s & UBERE

BE REDEEMEEIL(3 ERE, SHEE)
BXUEREL (45FRE) O, 1973FE~1977TF DT
LEBRBC BT, FEEORABEEA 0L, b
TIO736E, T, TSHEEDREE BT 5 3 FRES
A, B, CEL, 3HERE, 4ERE, FHREDE
HEE, 3, AF, SETHOLTILIZT 2, &
7 5 ADERFIAB L KiEBI O HIE E % Table 1
DED T, HEI03A, $5113,305ETH 2,

BHAE . AE(1) L BERELAE, Tabb,
EBEMEEMBETCRUET L LT, BECHEL
HEAToRBOHEESR (B2, IE, G 28
)L ERARE - XV BERCETS ¥, IR
SOEERRELVHOELT,



84 HA . GH - R - AT - TN KEFEC B 2BAEO HBEE

Table 1. Number of cadets of each class and time of calculation.
School 3 4 5 Total
year

Class Cadets Sun Star  Cadets Sun Star Cadets Sun Star  Cadets Sun Star
A 1 494 529 9 514 625 6 362 396 26 1370 1550
B 15 1103 1145 11 730 614 11 725 850 37 2558 2609
C 15 879 938 15 1035 888 10 680 798 40 2594 2624

Total 41 2476 2612 35 2279 2127 27 1767 2044 103 6522 6783

3 ; Junior class, 4 ; Senior class, 5 ; Postgraduate class.
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The individual rate of miscalculation-in the sun sight.
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Fig. 2. The individual rate of miscalculation in the star sight.
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Table 2. Rate of miscalculation and standard deviation by the class and by the school year.

601 I . 133.84 L D REWEEE X 5 (3,

School Sun Star Sun & Star
Class
year T.M. S.D. T.M. S.D. T.M. S.D.
A 41.4 14.2 38.9 14.4 40.2 14.4
3 B 41.1 14.8 37.4 11.8 39.3  13.5
C 45.0 18.2 45.9 15.2 45.5 16.8
Mean 42.6 16.1 40.9 14.3 41.8 15.3
A 21.5 8.5 26.1 10.0 23.8 9.5
4 B 0.2 13.2 0.7 7.7 30.4 108
C 27.8 19.0 39.0 20.5 33.4 20.5
Mean 26.9 15.5 33.1 15.9 306.0 16.0
A 23.7 11.0 23.4 10.1 23.5 10.6
5 B 29.3 17.3 29.5 9.7 29.4 14.0
C 29.4 9.0 29.4 10.2 29.4 9.7
Mean 28.1 13.6 28.1 10.3 28.1 12.1
T. M. : Total miscalculation S. D. : Standard deviation
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Table 3-1. = The value(x*-distribution) of each school year.

A B C A B C A B C 3 4 5
3 4 5
Fig. 3.

Total

Rate of miscalculation and standard
deviation by the class and by the school year.

School Sun Star Sun & Star

year A:B B:C C:A A:B B:C C:A A:B B:C C:A
3 0.00 0.31 0.26 0.05 1.49 1.00 0.02 0.78 0.58
4 1.97 0.14 1.07 0.52 1.52 3.79 1.10 0.21 2.26
5 0.81 0.00 0.83 0.96 0.00 0.93 0.90 0.00 0.90

Total 0.36 0.00 0.40 0.10 0.83 1.51 0.21 0.22 0.86




RIERFKEFTHARSE

8475 (1979)

87

Table 3-2.  The value (x2-distribution) of each class.
Sun Star Sun & Star
Class
3:4 4:5 5:3 3:4 4:5 5:3 3:4 4:5 5:3
A 9.17 0.14 7.23 3.74 0.20 5.61 6.18  0.00 6.43
B 2.59 0.02 3.06 1.01 0.03 1.41 1.75 0.02 2.18
C 6.38 0.06 5.22 0.97 2.04 5.80 3.07  0.37 5.53
Total 5.44 0.04 4.60 1.30 0.58 3.64 3.02 0.08 4.12
Table 4-1.  Correlation coefficient and regression line of each cl‘ass in the sun sight.
Sun
3 . 4 3 5
Class Cadets 5 5 Cadets = P 5
A 7 0.903 0.665 -3.064 5 0.797 0.736 -2.165
B 11 0.443 0.388 14.632 11 0.461 0.722 2.752
C 14 0.754 0.545 0.199 10 0.905 0.466 7.760
Total 32 0.632 0.501 5.047 26 0.585 0.537 " 6.694
Regression line : Y=aX+b r : Correlation coefficient
Table 4-2.  Correlation coefficient and regression line of each class in the star sight.
Star
3 1 4 )
Class  Cadets - a 5 Cadets - P B
A 7 0.950 0.744 -3.211 5 0.974 0.857 -7.499
B 11 0.402 0.319 19.418 11 0.180 0.177 23.160
C 14 0.214 0.259 24.264 10 0.967 0.711 -3.288
Total 32 0.400 0.412 15.421 26 0.651 0.517 7.880

Regression line : Y=aX+b r: Correlation coefficient
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Fig. 4. Scatter diagram and regression line of Fig. 5. Scatter diagram and regression line of
class A and C in the relationship between class A and C in the relationship between
postgraduate classes and junior classes postgraduate classes and junior classes in
in the sun sight. the star sight. X : Rate of miscalculation
X : Rate of miscalculation in the junior in the junior class. Y : Rate of mis-
class. Y : Rate of miscalculation in the calculation in the postgraduate class.
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Table 5. Rate of occurrence of difference between calculated values by hand and by
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computer.
Calculation Diff. ’ ! °
Sun Star Sun Star Sun Star
Hopr angle 0.0 57.9 57.3 55.1 54.8 55.3 58.3
0.1 30.5 32.2 35.7 35.1 35.8 35.0
0.2 1.3 1.2 1.7 1.1 1.9 0.4
0.3~ 10.3 9.3 7.5 9.0 7.0 6.3
Altitude 0.0 23.7  30.2 30.4 322 30.4 3.2
0.1 325 28.1 36.8 35.6 36.2 35.5
0.2 10.7 7.8 11.4 8.7 12.2 8.0
0.3 4.0 3.5 4.0 3.4 4.7 3.6
0.4 2.4 2.9 3.4 1.7 1.9 1.6
0.5 1.9 1.5 1.2 0.5 1.3 0.6
0.6~ 24.8 26.0 12.8 17.9 13.3 15.5
Azimuth 0.0 46.8 58.2 60.9 66.1 58.8 70.2
0.1 19.2 12.8 19.0 11.5 20.1 13.4
0.2~ 340  29.0 2.1 224 2.1 16.4
Diff. : Differences between calculated values by hand and by computer.
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