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Research on an operational model for science and mathematics e-learning
utilizing Computer Algebra System based on analysis of the solution process
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E-learning systems that are linked to Computer Algebra System and
automatically grade answers entered with mathematical equations are in operation in Japan and
overseas, but analysis of their answer data has not progressed very far. In this study, we used the
answer data to analyze how the learners reached the correct answers and through what kind of
thinking process they reached the correct answers. Specifically, we proposed a mechanism for
automatic classification of answers to the answer data of STACK, one of the e-learning systems for
science and mathematics, using a mechanism for analyzing students® answers called a potential
response tree (PRT). We also proposed a visualization method of the answer process using effective
graphs.

e LMS



Blackboard Moodle Sakai Canvas (LMS)

LMS
STACK Maple T.A.(  Mébius)

MATH ON WEB ( )
2005 MATH ON WEB STACK(System for
Teaching and Assessment using a Computer Algebra Kernel)
2010 2015

Maple T.A.

2010
5
©) e
25-27

(1) PRT

STACK (PRT)

PRT



@

(€Y) e

Student

Wihich of the following is the indefinite
etagaton [ aeds?

Note that ' of the following s an abirary
constant

oERUTCRA
1 -

0 i2iesc

O (1+z)e"+C

1ae,c
o 5'1' +C
O (z-1e"+C

) e

STACK

Student

JXSGraph

3) e

29-30

STACK

29-30

Student

. Wiich of the folowing Is the indafiste
: oion [ st
: e 9 G ol iy
. const
: aRUTcran
1 -
o 2:’-e +C
O (1+2)p" +C
& By
2
O (-1 +C

O None of the soove

Teacher

STACK

STACK

Student

o
oty s

Moo thr et w1 1 by

The correct smamer i~ ' 4 €

o

[
§homax + {1 oo
. xLOX 4 S\( ’rli"‘
. xRalx) 4 x

Tit cunston | Guestontats & desioyes varvoms
Solve the following equation:
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P=4.x

X3 = 4%x<br />
X*(x"2-8) = 0<br />
(x-2)°x(x+2) = Ocbr [>
X=-20rx=00rx=2

-
o (x=2)-x-(x+2)=0
© x=-2orx=0orx=2

The variables found in your answer were: [x]

¥/ Well done. Correct Answer!

Acorrect answer is
[ =4 xx (¥ -4) =0.(x~2)-x- (x+2) = 0.x = =2 or x =0 or x = 2|, which can be
typed in as follows:

3 = dox
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Type in an algebraic expression in the form of a sin(b(x — ¢)) which has the

graph shown below. Note that a, b are one of the 1,2, 3 and  is one of the 0, 1,
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f(x) = 2°sin(3*(x-2))
Your last answer was interpreted as follows:
2-sin(3- (x=2)

The variables found in your answer were: [x]

W/ Correct answer. Well done!

Marks for this submission: 100/1.00.

A correct answer is 2 - sin(3 - (x = 2)), which can be typed in as follows:
2esin(3e(x-2))
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No Math expressions for differentiation  Student’s answer Number of answers
1 sin™ x cos™ x 3
2 cos™ x (—sinx)™ 3
3 sin™ x ncos™ x 2
4 cos™ x n(—sinx)" 3
5 sin™ x ncos™ ' x 4
6 cos™ x n(—sinx)"! 2
7 sin™ x nsinxcosx 1
8 nsin™ x cos x 2
9 ncos™ x sinx 1
10 nsin™ ! x (—cos x) 1
11 ncos" ! xcosx 1
12 (= cosx)" 1
13 cos™ x ncos" 'x —sinx 1
14 —nx""!sin™ x 1
(sinx)™ (cosx)"
—nx™1(sinx)" STACK
(PRT)
Student No.  question  Time Answer Score
1 isin“ x 2017 Nov.2920:39 -- -
dx
2017 Nov. 29 20:46 4*cos(x)"3 0
2017 Nov. 29 20:47 4*cos(x)"3*cos(x) 0
2017 Nov. 2920:48 4*sin(x)"3*cos(x) 0.8
2 —sin?2x 2017 Nov.2217:46 -- -
dx
2017 Nov. 22 17:50 cos(x)"2 0
2017 Nov. 22 17:50 2*cos(x)"2 0
2017 Nov. 22 17:53 2*cos(X) 0
STACK PRT
PRT
PRT

Answer note

isCorrect isCorrect not_isCorrect
fi(@)f2(x) + fi(z) fo(x)
isZero isZero not_isZero
isdff fi(z)fz(x) Isdf1f2  not_isdf1f2
isfdf  f1(z)fa(x) Isf1df2  not_isf1df2
isdfdf fi(z)fz(x) Isdf1df2  not_isdf1df2
PRT PRT
70%
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Action X Y Time
start-drawing 66 38 1639025496916
4 / 5__ move-drawing 66 37 1639025496927
| move-drawing 65 33 1639025496938
(3;{:+2) dg;, __.(31_‘,2) +C e aai. !,
/ 5’ move-drawing 73 214 1639025502317
changetoeraser 0 0 1639025507711
start-erasing 81 204 1639025508124
move-erasing 80 204 1639025508136
move-erasing 67 207 1639025508609
changetopen 0 0 1639025509592
start-drawing 455 96 1639025510342
move-drawing | 455 95 1639025510351
move-drawing | 724 531 1639025547555
allclear 0 0 1639025571671
start-drawing 101 66 1639025572372
1 ~ NN
1 move-drawing | 695 819 1639025693828
savenote 0 0 1639025706243
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