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Multi-sensory educational materials adaptable to diversifying
students and career options
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Abstract: Japanese universities are not well structured to meet the needs of students with disability nor have prepared adequate
inclusive curricula. Universities are required to teach cutting-edge science and engineering, and enable them to advance to a
wide range of promising careers. These requirements are not easy to fulfill by instructors in charge of the course alone. Teaching
materials mobilizing visual, auditory and tactile senses will be needed to cover advanced topics in inclusive classes. This
presentation proposes to use tactile lines combined with detailed audio descriptions. We plan to develope teaching materials to
enable inclusive carricula in STEM along this line. For example, we present equation and formulae in MathJax, LaTeX and
SageMath(Python). As a first step Maxwell’s electro-magnetism (EM) is taught on the coordinate-free method of differential
geometry. For practical applications of the EM theory, combinations of 3D mesh generators and Finete Element Methods are
used. Such courses will open a broad range of careers and ensure students to become active members of the society.
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untwist/twist ~rank  quantities  parity  polar/axial scalar/vector

untwisted O-form ¢ even - scalar
untwisted 1-form A, E odd polar vector
untwisted 2-form B even axial vector
twisted lform H, M even axial vector
twisted 2-from D, P, J odd polar vector
twisted 3-form R even - scalar
B
VAB=0, VAE+—=0,
ot
dD
V/\D:R, VAH—WZJ,
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f(z) = ap + a1 + aza® +azx® =0
g(z) = b+ byz + baz? + byz® = 0 X2
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TW5a, Zhid, LEmEFF oL &Iz u s, #KiEK
(Resultant) %K 2 Z L1272 5[22][23].
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sage: R.<x,y> = PolynomialRing(QQ, order="lex")
sage: ideal(x"2 - 2*y”2, x*y - 3).groebner_basis()
o [x-2/3%y13, y™4 - 9/2]
Rl xty, x2 -1 & y"2-2%x ZRIFHIW 2T xy (2

sage: R.<x,y> = QQ[]
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TEOEBMKIX, 46 TEHTTELN, 3BETES
FTTELBEA DD KD T IN EIRDMNELD,
TEARIZXF L Cid, xi73-1=0 (i=1-9) & BERTHETDON
TIZIE. xi 2+xi*xj+xj 2 GATEN>TWDE 14 OT)
2% Th,

K8 : 3D s 77 o—fl
D% SageMathv9,2 TiE 7o D ATy & | 3 a5y iF ]
&R e R"d, /e 7 —REITREVOTEAKRT 5,
sage: R.<x1,x2,x3,x4,x5,x6,x7,x8,x9> = QQ[]
sage:ideal(x1"3-1,x2"3-1,x3"3-1,x4"3-1,x5"3-1,x6"3-1,
x773-1,x8"3-1,x973-1,x1"2+x1*x2+x2/2,x 1 "2+x 1 *x4+x4"2,
X1IM24+x1#x5+x572,x 1" 24+x 1 #x6+x672,x2"2+x2*x3+Xx3/2,
X2/ 2+X2#X5+X 572, X2 2+X2*#X T+XTN2,x 3 2+X3*X4+Xx42,
X3 2+x3*X6+x672,x32+x3*X9+x9"2,x 5" 2+X5*X6+X 672,
X6/ 2+x6*X8+Xx872,Xx 7 2+x7*Xx8+x8"2,
x8"2+x8*x9+x9/2).groebner basis()
aZ
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HESE ORI D, A FEAEAN 11 T, B LAY HAN 15
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4A+5B<37, 2A+3B<20,A>0,B>0, ®H &, 11A+15B & &K
T DR AERT, 7 V7 —REEE 2 [26]127].
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sage: R.<z1,z2,wl,w2,w3,w4>=QQ[]

sage: ideal(z174*z2"2-w1,z1"5%22"3-w2,z1-w3,22-w4).

groebner basis()

[W3r*war2 - wl, wi™M*wd - w23*w3, w2*w3"3*w4d - wl”2,
w2/ 2*w372 - win3, wl*w3*w4 - w2, z1 - w3, 22 - w4]
wl=>z1"4%722/2, w2=>71/5%72/3, w3=>z1. wid=>z2 L [E X
Waz Bl BB, 21737%22720 205, wl 4sw2 dsw3 &
BB EZIT AR S A B S Al & 72 B [26] [27],

EhYI

ZOWEICHEEZ O BERLFENHTI D Z L2,

BSEXH

[1] ¥ 27 EA% v b (Science Accessibility Net) .
https://www.sciaccess.net/jp/index.html
BEEEFNEEEAYA TR - T 72V EYT 4« v b
https://www.mext.go.jp/a_menu/ikusei/npo/npo-vol3/1316811.htm

(©2021 Information Processing Society of Japan

(2]

(3]

(9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]
[22]

(23]

[24]

[25]

[26]

[27]

Vol.2021-AAC-16 No.7
2021/7/17

Calvert GA, Spence C, Stein BE, editors

“The Handbook of Multisensory Processes” (Bradford Books)

DAISY Consortium: https://daisy.org/

Inclusive Publishing: “Rethinking Content for Inclusive Higher

Education—A Two-Part Article from textBOX”

https://inclusivepublishing.org/

W3C “Math Tools”: https://www.w3.org/wiki/Math_Tools

Loo Kang Wee: “epub3 e-Book on Gravity”

Open Educational Resources / Open Source Physics @ Singapore

SINKA EasyTactix https://www.easytactix.com/

Progressive Web Appication (PWA)

https://en.wikipedia.org/wiki/Progressive_web_application

F. J. Muriel and C. Galet: “Editing ePub3 for Blended Learning in

Mathematics”, Proceedings 2018, 2, 1362

(Multidisciplinary Digital Publishing Institute, MDPI)

www.mdpi.com/journal/proceedings

https://www.researchgate.net/publication/328614763_Editing_ePu

b3_for Blended Learning_in_Mathematics

The Sage Group “Sage F=—h~ VU 7/ U U —2R 937
https://doc.sagemath.org/pdf/ja/tutorial/tutorial-jp.pdf

Freeman Dyson:

https://www.damtp.cam.ac.uk/user/tong/em/dyson.pdf

K.F.Warnick, R.H. Selfridge and D.V. Arnold, “Teaching
electromagnetic field theory using differential forms”, IEEE
Transactions on education 40, 53—68 (1997)

C. W. Misner, K.S. Thorn, J.A.Wheeler “Gravitation” (Freeman,

1970)

Masao Kitano “Reformulation of Electromagnetism with

https://cdn.intechopen.com/pdfs/33433/
InTech-Reformulation of electromagnetism_with_differential f
orms.pdf

K. F. Warnick, and P. Russer: “Differential Forms and

Electromagnetic Field Theory” Progress In Electromagnetics

Research, Vol. 148, 83{112, 2014

Jonathan Gratus: “A pictorial introduction to differential

Differential Forms”

geometry,leading to Maxwell’s equations as three pictures”

J.C. Maxwell,"On Physical Lines of Force," Phil. Mag.,

vol. 21, part I, opposite, p.488, 1861

F.W. Hehl and C. Laemmerzahl “The Revised SI: Fundamental

Constants, Basic Physics and Units” Procedings of the 670" W.

H. Haereus Seminar, May 2018 (Annalen der Physik, 2019)
SME - ERLAL G, BEAUBIEEREE 2000 42 12 A

Gmsh https://ja.wikipedia.org/wiki/Gmsh

https:/gmsh.info/
Elmer FEM solver
https://en.wikipedia.org/wiki/Elmer FEM_solver

TR B SR R TR L Th BV E Lz,

LHBRE THXE 707 (1) "HARSHEE SR

%148 2004 £ 3 H &

Wty 77 RO
https://club.informatix.co.jp/?p=8020

B. Buchberger: “Grobner Bases: A Short Introduction for Systems
Theorists”
https://www3.risc.jku.at/people/buchberg/papers/2001-02-19-A.p
df

A7 L7 — RO 50 427 B AU AEELE AR A
HETH 2009 4
https://sci-tech.ksc.kwansei.ac.jp/~hohsugi/hibiGB20090930.pdf
KAZBE S 5 55 BRI AR YT A (2010 4)
https://sci-tech.ksc.kwansei.ac.jp/~hohsugi/toric20yearB.pdf
D.A.Cox, J.Little, D.O’Shea “Using Algebraic Geometry”
Springer




