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An Investigation into Electrical Engineering Students’
Consciousness of Understanding Mathematics.

Toshiaki TAHATA

(FBF063 £ 10 A 30 H2H)

This report is based on the research announced by the author at Kushiro in
August, 1988. The contents are total results of the investigation into Electrical Engineering
students’ consciousness of understanding mathematics. The investigation was made in

the way students examine their knowledge of mathematics by themselves.

According to the results, transitions of level of understanding in each grade are

classified into several characteristic groups. These characteristics are related to the

frequency of using mathematics in the subjects of Electrical Engineering.
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z 8] a @8 A B c D E [ozee |

1| At 78. 9 21.1 81 | =AR% 2.8 2.8 2.8 92.1
2 [ zoronnt 66.3| 42.1| 2.8 62| rhoualn  (mAH) 2.8| 2.8 94. 7
3 |Fex 60.6| 3s.8] 2.8 63| YHOREG - T—AV} () 2.6 97.4
4 | nmR 67.9| 36.8 2.8 2.8 84 | iEADHN () 2.8 2.8 94. 7
5 | ABRK 31.6| 65.3| 13.2 66 | ARAS ( # ) 2.8} 97.4
6 | mamn 26.3| 6.3 18.4 86 100. 0
HEL 6.3| 76.3| 16.8 2.8 87 100. 0
8 | BB 31.8| 80.5 7.9 68 100. 0
9 | HERR 36.8| 62.6| 10.6 69 | mamnT 100. 0
10 | AR 7.9| 86.8| 23.7 2.8 70 100. 0
11 | eBE2R+ASYE 2.6| 26.3] 67.8] 10.6| 2.6 71 | ananat 100. 0
12| %8 2.6| 13.2]| 26.3| 31.8| 26.3 72 | AERBAOSR 100. 0
BE 21.1| 62.8] 7.9 10.6] 7.8 73 | aman 100. 0
14 | FHREMR 23.7| 80.5| 13.2 2.8 74 | azan 100. 0
16 | @msin 18.4| 39.6| 23.7| 13.2 6.3 76 | ASABOER 100. 0
16 | BARR 7.9| 60.0| 28.8[ 13.2 76 | x> b AORME 2.8| 97.4
17 | G 26.3| aa4.7| 18.4[ 10.86 77| <o rroBRE 100. 0
18 |~k 7.9 13.2] 28.9] 60.0 78 | dxis s 100. 0
19 | M3 - Eaabt 2.6| 16.8| 28.3| 28.9| 28.3 79| ANI-RWERY LIS 100. 0
20 | =—mea 7.9] 21.1] 13. 2] 67. 8 80 | 5 & TR 100. 0
21 | my 13. 2| 83.2] 21.1 2.8 81| 7-vz@R 100. 0
22 | B oS 13. 2 66. 3 26. 3 2.8 2.6 82| 7-9xmH 100. 0
23 | @K 7.9| 80.6| 286.3 6.3 83| 3792%M 100. 0
24 [ X9 } AORR 2.6| 10.6 6.3| 13.2| 66.8 2. 8] 84 | @979 ARKM 100. 0
25 | X2 F rORER - SR 2.6 6.3| 82.1 86| rem 100. 0
5.3 6.3| 89.5 86| pBR 100. 0
18.4| 39.5| 34.2 7.8 87|Besse | WB 100. 0
13. 2| a42.1]| 23.7 6.3| 16.8 88|Legendr B 100. 0
2.8 6.3 6.3| 86.8 89 | EbEHE 100. 0
2.8 2. 6 94. 7 90 | BH% 100. 0
18.4| 65.8| 13.2 2.8 91 | wmg 2.8 97. 4
44.7| 0.0 2.6 2.8 92 | R HARORIEME 2.8| 97.4
36.8| 66.3 6.3 2.8 93 | xRRE 2.8 6.3| 16.8| 78.3
31.8] a7.a] 16.8| 6.3 94 [rRadenex 2.6| 97.4
42.1 47.4 7.9 2.8 95 | 4R 100. 0
34.2| 62.8] 7.8| 5.3 96 [ABAE 100. 0
37 | RA=ARRDOMS 21.1 39. 6 286. 3 7.9 6.3 97 | ARNY 100. 0
38 | RO - 10.6| 36.8] 10.5] a2.1 98 | msnn 2.8| 97.4
39 | rost 6.3| 31.6| 31.8] 15.8] 16.8 99 | 100. 0
40| 743-BM (1 xR 2.8 2.8 94.7 100 | @ 100. 0
a1 |Estems 100. 0 101 | BuBE 100. 0
42 | RESmE 2.8[ 13. 2 84. 2 102 | HAMYRE 5.3| 984.7
43 | SRBOFEMS 2.8 21.1 23. 7 652. 8 103 | B 18. 4 18. 4 21. 1 42.1
44 | AERROT RS 2.6] 6.3] 13.2] 78.9 104 | ERE - HEHS 6.3| 84.7
45 | mARROFERSY 5.3| 10.5] 84.2 106 | mra 6.3| 84.7
46 [ it - HERBOFTMS 2.8] 10.6| se.8 106 | QR (Rai) 7.8] s2.1
47 | SARBOTERS 2.6 6.3 10. 6 81.86 107|188 () 100. 0
48 | R=ARBOTTRS 10. 6 89.6 108|mR  ( ~ ) 100. 0
49| xas 13. 2 7.9] 78.9 109|WB  ( » ) 2.8 2.8 2.8| 92.1
650 | ERBDIEMIH 100. 0 110 | mQRR 100. 0
61 | W} - KAOHE (MHTH) 7.9 7.9 6.3 7.9 71.1 111 |7-AHAS 100.0
52 |eomE ) 2.6 5.3 2.6| 89.6 112 | mien 100. 0
53 |a® C» ) 6.3| sa.7 113 |% 100. 0
54 |RG-E—AVF ( # ) 7.9 7.9 5.3 78. 9 114 x5 100. 0
55 | GWRR 2.8 97.4 116|r973K 100. 0
56 | 2m5 100. 0 116 79vzv i 100. 0
67| 749-AR (281 2.8 2.6 94. 7 117)zmih 100.0
658 | SRBRBOEX - 8 100.0 118 | RtIR 100. 0
59 | Bk - BNEH 2.8 2.8| 94.7 119 | GeamEmE 100. 0
6 0 | RIBORS 6.3 13. 2 28. 9 6. 3 47.4 120 | RGAHER 2.8 87.4
121 | smR 2.8| 87.4
122 | 38 100. 0

123 | 7029 X LOMRIL 7.9 13. 2 10. 63. 2 B. 3'

124 [35¥2-97974932 2.8 78.9]| 18.4]
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ERTE 2 A

¢8| m @8 A B c D E_|ezeE |
1 | zamnst 73.2| 26.8 61 [-mms 7.3] 4.9 7.3| so.5
2 | zotonEt 48.8| 46.3| 4.9 62 | SHDKMIE (RIS 2.4 2.a .3] a.8] sa2.
3 | ¥R 63.7| 43.8| 2.4 63 | SHORAL: - T=AV} () a.9| 96.
a | aWR 61.2| 39.0 4.9 2.4 2.4 64 | EHOIR C») 2.4 2.4 2.4 4.9| 87.
5 | ABER a3.9| 36.6| 17.1 2.4 66 | 14305 [ 2.4 14a.8| a.9] 78.0
6 | mamm 9.8| as.8| 34.1 a.9] 3.4 66 | EMARERSHAR 31.7| 29.3| 34.1 4.9
e 24.4| 68.6] 17.1 87 | aERaHAt 19. 6| 24.a]| a3. 9] 7.3] a.9
8 | R 17.1| a8.8| 31.7] 2.4 68 a.9]| 24.a] as. 8| 12.2] 8.8
9 [HBmR 14.6] as.8] 3a.1 2.4 69 [ RANNT 2.4 7.3 so.2
10 | nER 2.a| 61.2] 31.7] 12.2] 2.4 70 | agasAEt a.8| =2.a| 82.7
11| eBEZETRRE 7.3| 43.9| 36.8[ 12.2 71 | ms st 2.4 a.8| 12.2] 80.8
12 %8 2.4| 28.3| a1.6| 19.6|] 4.8] 2.a4] [ 72 2.4 2.a 96. 1
13 | —txenm 3a4.1| a1.6| 32.0] 2.4 73 | nspn 2.4| 87.86
14 [FeRemn 26.8| 68.8| 12.2] 2.4 74 | nRa 2.4| 97.8
16 | magn 1.6 a1.6[ 31.7] a.8| 2.a 75 | aERBOAR 3.4| 87.8
16 |anem 1a.6] 66.1] 26.8] 2.4 786 | x5} roRsHE 100. 0
17 | mam 19.6| 66.1] 2a.a 77| <7 b roBiE 100. 0
18 | —e® 7.3] 31.7| 28.8| 34.1 78 | e 100.0
19 | W5l - BaAbt 2.4] o9.8| 48.3] 24.a[ 17.1 78| 2n9-texy b1 2.4 87.6
20 |—mra 7.3| 48.3] 41.5] 4.9 80 | oL mIs 100. 0
21 | /M 9.8| as.8| 31.7[ 14.8 81|7-vzan 2.4] 97.8
22 | RMoER a.9| 31.7] as. 3| 1a.8] 2.4 82| 7-yzm3 2.4] 87.8
23 | @R 7.3| 22.0| as.8| 22.0] 83| 97921 2.4] 97.8
24 [<7 ) romR 22.0| as.8| 22.0| a.3] 2.4 84 |#9792%: 100. 0
26 [ <7 } O SR 9.8| 24.4| 6.1 8. 8 85 | rom 100. 0
26 | <7 b ro-Kimutt 22.0] 19.6] 7.3| 61.2 86 | pmm 100. 0
27 |HR 22.0| 66.8| 8.8] 2.4 87[Bessemm 100. 0
28 | 17R - BITH 26.8| 83.4 7.3 2.4 88|Legendr eRR 100. 0
29 | ITRE—RER 24.a| a43.8] 31.7 89 | wantims 2.4 2.4| 2.a] 92.7
30 |23 9.8 9.8| 28.8]| B3.7 90 | 854 2.4| 97.8
31 | RBOEH - ARE 9.8| 31.7| 63.7| 4.9 91 [ Nmis 2. 4| 97.6
32 | BRBROMS 63.7| 3s.0] 7.3 92 [an 2.4 97. 8
33 | IEmBORS 39.0| 39.0| 22.0 93 | xBH% 2.4] 2.af 85.1
34 | mATRORS 22.0[ 3s.0f 31.7] 7.3 94 | RuE e 100. 0
36 | 181 - HBNRORS 28.3| a8.3| 24.4 96 [ M 100. 0
36 | ZARmORS 29.3| 66.1] 14.8 96 [answ 100. 0
37 | B=ARBORS 9.8| ae.3[ 3a.1 7.3 2.a 97 [sunHw 100. 0
38 | EBOEX - Wb 17. 1| 68.6| 19.6] 2.a] 2.4 98 | BEHE 87.8] 2.4}
39 12. 2| a43.9| a1.8] 2.4 99 [mx 100. 0
20 |749-BR QxR a.9| 31.7| as. 3| 17.1 100 | 100. 0
a1 |Entens a.9| 29.3] 19.5] 4s.3 101 | ams 100. 0
42 | Eamn 2.4 9.8| 24.4| 17.1]| a8.3 102 | amoig 2.4| 9885.1 2.4]
43 | BRBOTERS as.8| a1.5| 8.8 103 | wx 9.8 12.2] 12.2] 6.9
44 [ AERBOFEWS 3a.1| a3.8| 18.5] 2.4 104 | WERR - BEHE 2.4 97. 8
45 | mETBOFENS 22.0| 39.0| 29.3] 7.3] 2.4 106 | Kttia 2.4| 985.1 2. 4]
4.6 | BB - HEMKROTENS 14. 6| 63.7] 28.3] 2.4 106 | SBTR (XA1R) 100. 0
47 [ =ammoFras 22. 0| 68.1] 22.0 107/m8 (v ) 100. 0
a8 [ R=ARBOTERS 9.8] 41.5| 36.6] 12.2 108(me ¢~ ) 100. 0
a9 |Eun 31.7] e1.0] 7.3 109 (o ¢ 7)) 2.4] 2.a] 95.1
60 | EHAHDERIR a.9| 29.3| 19.6| 26.8] 19.5 110 | xeike 2.a| 2.4 2.a] s2.7
51 | w0 kmonn @A | 19.8[ a3. 9| 29.3] 4.8| 2.2 111 | 7-npAx 2.4 87. 8
52 | OB [ 9.8| 46.3| 31.7] 4.8 7.3 112 [xere 100. 0
53 | &k Cr 2.4 2.4| 7.3| 86.4| 2.4| [Tiafm 100. 0
64 |Bb-T—2VF( 7 ) 2.4| a.8] a.8]| 12.2] 73. 2] 2.4| [Tra[mm 100. 0
66 | EHRR 7.3| 19.86] 26.8| 18.5| 22.0] 4.9 |75 [rovam 100.0
56 | 2R 2.4 4.8 a1.6] 17.1] 31.7| 2.a| [The[rovzore 100. 0
57 | 743-MR (281 12. 2] 31. 7] 83.7] 2.4] |7T17[zmim 2.4 97.8
68 | SEREBOEX - G 7.3| 9.8] 82.8 118 | REmR 100. 0
69 | Bk - BvRH 9.8| 4.8| 85.4 119 | EERE 100. 0
| so|nmmonsu 2.4|] 7.3]| so.2 120 | #myfst 2.4| 87.8
121 | smm 100. 0
122 | Hent 100. 0
123 [ 7392 200mmE 19.5| 38.8| 36.8] 7.3
124 |avea-97974932 a.9| 9.8] 63.7] 28.3] 2.a
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% @ 8 A B c D e |azrn |
1 | AR 73.0| 27.0 61 |=mmnn 18.89( 61.4| 24.3 6.4
2 [ tomoras 37.8| 69.6] 2.7 62 | THORBIR (RO 8.1| 37.8| 43.2] 2.7| 8.1
3| Fu 69.5| 37.8] 2.7 63 | XHORL - E=AT} (#) 2.7| 8.1]| 51.4| 18.2] 21.8
a | amR a8.8| a5.9] 2.7 2.7 64 | AWBIOHN C~) 29.7| 46.8| 13.6[ 10.8
6 | smmn 40.6| 668.8] 2.7 65 | wRas (») 10.8] a5.8| 18.2] 27.0
6 | mEmm 18.9| 82.2] 18.9 66 | KRAMERSHAR 6.4 as.6| 40.85 5.4
7| =amm 32.4| ea.8| 2.7 87 40.6] 8a.1 5.4
8 | WBRR 24.3| 73.0] 2.7 68 21.6| 632.2] 10. 5.4
9 | Hnmm 18.9| ea.8[ 18.2 69 | HARNT 2.7| 20.7] 48.6[ 10. 8. 1
10 |amn 2.7| 70.3]| 24.3] 2.7 70 |agmanas 2.7 1.4 8.a] 40.8
11| eBE2B+HRR 18.9| 68.8| 21.8] 2.7 71 [ "Raras 6.4] 40.6| 13.6] ao.
12| %8 21.6] 56.8| 21.6 72 | aRmRROER 13.6| 29.7| 27.0] 8.1] 21.8
13 | =teasta 21.6| 69.6| 18.8 73 | s 13.6| 36.1| 21.8| 28.7
14 | Fotema 27.0| 69.6| 13.8 74 | mEan 8.1| 13.6| 18.8| 68.86
16 |amm 10.8| a6.8] 35.1 6.4] 2.7 76 | azmBORR 2.7| 10.8] 18.9]| 87.8
18 |&nsm 13.6| 66.8[ 21.8] 6.4 2.7 76 | <y LRSI 2.7] 6.4 s.1] 83.8
17 | Eam 21.8| 62.2] 13.8 2.7 77 | x5} rORAE 2.7 6. 4 8.1| 83.8
18 | —xaN 13.6| 82.2] 18.2 8. 1 78 | aRraE 2.7| 13.6 8.1| 78.7
19 |3 - @aant 16.2| 73.0[ 10.8 79| 2n9-WEXI LAl 10.8[ 18.6] 2.7[ 73.0
20 | =z 10.8| 70.3] 10.8] 8.1 80 | ROS EERSD 10.8[ 8.1 6.4| 78.7
21 | B 6.4| 84.9| 27.0] 2.7 81| 7-YIRR 36.1| 28.7| 24.3] 10.8
22 [ BMOER 69.6| 36.1 6.4 82[7-vxms 6.4| 18.9] 21.8] 6a.1
23 |an 37.8| s1.4] 6.4] 6.a 83 [9792mM 8.1| 18.9| 29.7| 37.8] &.a]
24 | <7 L AORR s.4| 37.8] 4.1 3.7 84 [29792m 6.4| 18.8] 20.7| 40.6] 6.4}
26 | <7t rOHER - AR 24.3| 64.9] s.a] s.a 86 | rRR 100.0
286 | <7 P AO—RMEH 2.7| 21.8] 82.2 5.4 8. 1 86 | AR 100.0
27 [1iMR 2.7| as.8] a3.2 8. 1 87 |Besse | BN 13.6| 86.6
28 |17H - #TH 2.7| 36.1| 81.4 2.7 8.1 88|Legendr cRR 13.6| 86.65
29 | FME—vRm 18.2| 87.8| 8.1 8. 1 89 | wmiEt 100. 0
30 |ENMEEN<I A 2.7]| 13.8] 70.3] s.a] 8.1 90 | BB 6.4] 94.8
31 | RRoSA - Bt 18. 9] 62.2] 16.2 2.7 91 | MmE 6.4| 84.8
32 | EEBorS 64.1| 40.6 6.4 92 | MAHAROREMNE 6.4 8.1| 88.6
33 | HENBORS 37.8| 68.8] 6.4 93 | xBAE 2.7| 21.8] 73.0 2.7
34 | mEXBORS 21.68| s4.1] 24.3 94 | REErnux 2.7| 18.2] 67.6] 8.1 5.4
36 | Nl - HimERORS 28. 7| sa.1] 16.2 96 | Em 2.7| 18.6| 69.6| 10.8| 13.8
36 | ARBORS 32.4| ea.8| 2.7 96 |[ARAE 2.7| 21.8| 69.8] 6.4]| 10.8
37 |m=anmors 10. 8] 64.1| 2a.3] 10.8 97 | nanw 2.7 21.8] 9.6 s8.1] 8.1
38 | RBOSK - @b 21.6| 8a.8| 13.6 98 | BEAT 21.6] 69.6] 10.8] 8.1
39 | mosnt 24.3] a8.8| 27.0 99 [me 2.7| 27.0| 13.5] 68.8
40 [749-mm (15 2.7]| 18.9] ea.9| s.a] 8.1 100 |®E 2.7| 21.8| 10.8] 6a.8
41 | ERtEns 13.6| 68.8| 21.8 8.1 101 | BREE 27.0 6.4| 87.8
42 | mevmn 6.4| 18.2] as6.9] 18.9[ 13.5 102 [mamotsE 37.8] 8.1f 64.1
43 | SmBOFENS 64.1| a3.2[ 2.7 103 |ax 2.7| 32.4] s9.8] 6.4
44 | NERMOTERS 46.9| 61.4 2.7 104 | SRR - MEHE 2.7| 18.8| 69.6| 18.2 2.7
45 | mERBOTERS 27.0| 69.5] 10.8] 2.7 105 | BN 2.7] 27.0] 64.1] 16.2
48 | I¥8 - HREROTENS 36.1| 48.6| 10.8 6.4 1086 | QERE (RAR) 6.4| 10.8| 83.8
47 | ZARBOFERS 32.4| e2. 2] "2.7] 2.7 107|m8  C » ) 2.7| 6.4 81.9
48 | BEARBOTENS 13.6| 61.4| 24.3]| 10.8 1og|mA  ( ~ ) 2.7 2.7| 84.8
49 | xon 48.6| 48.8 2.7 109 (R ( ~) 6.4| 10.8] 83.8
50 | TRAOE/IHN 10.8| a43.2| 298.7 8.1 8.1 110 | KARR 6.4 2.7 91.8
61| MR- HOOIE @A) | 18.9| 61.4] 27.0 2.7 111 |7-npnst 6.4 2.7 81.8
52 | sons [ 8. 1| a3.2[ 37.8] s.4| s5.a 112 xwRE 100. 0
653 | &% C~ ) 36.1| 48.8| 10.8 6.4 113|% 100. 0
54 |RG-T=AVEC ) 2.7]| 69.6| 18.2| 21.6 114 | o 100. 0
56 | BB 24.3| 64.1] 18.2 6.4 116 |r97aRm 100. 0
56 | 2pt5 13.6| 43.2] 29.7 8. 1 6.4 118|79vxoik 100.0
57 | 749-ma (281) 2.7] 8.1] 70.3] 10.8] 8.1 117 zm 100.0
68 | SERTBOBK - B/ 2.7| 18.9] 68.8] 10.8] 10.8 118 | RmB 100. 0
89 | Mk - BNmg 2.7 29. 7| 43.2 18. 89 5.4 119 | QEENE 100. 0
60 | RRBRORA 8.1 37.8| 40.6 8.1 6.4 120 | RBAER 100. 0
121 | sm 100. 0
122 | 38 2.7 87.3
123 [ 7aanz00msE 18. 2| 40.5[ 43.2
124 [avea-5797452 6.4| 2.7| 83.8] 8.1]
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*4 BEBE-SFE (%)

ERTE 2 A

K] A B 3 D e |axes |
ET 72. 1| 27.9 ETD 23.3| 48.8| 26.6| 2.3
2 39.6| 53.6| a.7] 2.3 62| ) | 11.8| a1.8]| a1.8] a.7
3 |Fat 61.2| a8.8 63 | ZHORD - T=AV} (#) 2.3| 11.6] 27.8] 37.2] 20.8
a|amn a1.9| a1.9] 7.0] a.7] a.7 64 | BEROHN () 23.3| 46.6| 26.8| 4.7
5 | HRRA 30.2| 61.2] 18.3] 2.3 66 | wRas C» ) 2.3 14.0[ 48.8] 20.98]| 16.3
© | mamn 11.6] 3s.6] a1.8] 7.0 88 27.9| 39.6| 27.9] 2.3 2.3
dET 37.2| 66.8] 7.0 67 9.3| 39.6| 44.2( 7.0
8 | mmm 26.6| 66.1] 9.3 68 2 3| 18.8| 63.6| 23.3] 2.3
9 | HERR 11.6| 62.8] 23.3] 2.3 69 | RAKRF a.7| 8.3 27.9] 30.2]| 27.9
10 |amR 16.3| 61..2] 27.8] 4.7 70 2.3| 4.7| 37.2| 20.8]| 34.9
11 | sBr2m+H80 2.3| 32.6] B2.8 2.3 71 | mparas 2.3 16.3] 32.8| 30.2]| 18.8
12 (%8 a.7| 3a.9] 51.2] 9.3 72 | aRRBROBR 18.6[ 39.6| 23.3| ida.0] 4.7
13 | —xan 27.9| 63.6] 16.3| 2.3 73 | aERS 9.3| 26.8| 27.9| 30.2] 7.0
14 | TR 27.98| 66.8] 16.3 74 |anus 7.0| 27.8| so0.2[ 30.2] a&.7
16 [ @ 1a.0] a1.8] a1.8] 2.3 76 | axmpomm 2.3| 18.8] 88.6| 27.8]| 11.8
16 | angm 1a.0| a1.8] 32.8[ 11.8 76 | <7  roORSE 7.0| 18.8] 32.6] 30.2[ 11.8
17 | Esm 27.8| 39.6] 30.2| 2.3 77 [<y romBiE 7.0| 18.8| 32.6] 27.9] 1a.0
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