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About us

Friedrich-Alexander-Universitat
| E Erlangen-Nirnberg
| LI//aa\

Wigand Rathmann,
Friedrich-Alexander
University Erlangen,
Germany

Lecturer for mathematics for
engineers

UNIVERSITAT
BAYREUTH

Alfred Wassermann,
University of Bayreuth,
Germany

JSXGraph lead developer



Where we are




Why are we here?

We represent JSXGraph, a library for “visualization of
mathematics in web browsers”.

Meanwhile, JSXGraph has become an important part
of the STACK ecosystem and we are happy and proud
that JSXGraph contributes to the success of STACK.

Nevertheless, JSXGraph might be new to some of you.
We will give an overview on JSXGraph and some ideas
how to use it in e-assessment.



JSXGraph

Interactive geometry, function plotting, charting, and
data visualization in the web browser

» Open-source JavaScript library
» https://jsxgraph.org
» Developed at:
» Chair for Mathematics and Didactics and
» Center for Mobile Learning with Digital Technology,
University of Bayreuth, Germany


https://jsxgraph.org

Let's start with examples

» Interactive geometry: Euler line
» Function plotting:
» Riemann sums
» Taylor sums
» Elliptic curves
» Projective transformation: offside rule in soccer
shared as jsfiddle


https://jsxgraph.org/share/example/euler-line
https://jsxgraph.org/wiki/index.php?title=Riemann_sums
https://jsxgraph.org/wiki/index.php?title=Power_Series_for_sine
https://jsxgraph.org/share/example/elliptic-curves-1
https://jsfiddle.net/2e638Lba/

About JSXGraph

» JavaScript library:
» constructions are “programmed” in JavaScript
» JavaScript runs in every web browser
» steep learning curve
» Open-source:
» double license: MIT or LGPL
» includes any commercial use
» Graphics quality:
» the default graphics engine is SVG (vector graphic
format)
» Performance:
» small footprint: approx. 200kByte of bandwidth
» it is fast!
» First JSXGraph release: 2008
» JSXGraph group: Carsten Miller, Andreas Walter,
Alfred Wassermann

M



Ecosystem: support and contributions

Learn JSXGraph
» JSXGraph Book
» Wiki
» Examples database
» API reference
» Past workshops (slides and videos)

Getting and giving help
» Google Groups

» StackOverflow
» GitHub


https://ipesek.github.io/jsxgraphbook/
https://jsxgraph.org/wiki
https://jsxgraph.org/share
https://jsxgraph.org/docs
https://jsxgraph.org/docs
https://groups.google.com/g/jsxgraph
https://stackoverflow.com/search?q=jsxgraph
https://github.com/jsxgraph/jsxgraph

List of features

»

»

»

»
»
»
»

»

Geometry: points, lines, circles, conic sections, angles,
sectors ...

Plotting: function graphs, parametric curves, polar
curves, implicit curves

Interpolation: , Bézier curves,
various splines

Vector/slope fields, differential equations

Curve simplification, curve clipping

Extensive library of (mostly numerical) math functions
Some 3D

Some symbolic math, e.g.


https://jsxgraph.org/wiki/index.php?title=Lagrange_interpolation,_show_term
https://idiamath.github.io/JSXGraphExamples/vectorfield3D-rot-input.html

List of features, cont'd

» Seamless integration in web pages
»
»
» A construction can contain arbitrary HTML elements,
e.g. buttons and input fields
» Dynamic MathJax / KaTeX
» Images,


https://jsxgraph.org/share/example/epicycloid-circles-rotating-on-circles
https://everything-is-number.net/paintings/
https://jsxgraph.org/share/example/video-embedding

JSXGraph in moodle / ILIAS



JSXGraph filter for moodle and ILIAS

moodle

»

» Can be used in all text activities

» Syntax: <jsxgraph > ... </jsxgraph>

» Maintained by the JSXGraph group, available on the

ILIAS

» Status: a working proof-of-concept


https://btmdx1.mat.uni-bayreuth.de/moodle2022/course/view.php?id=22
https://moodle.org/plugins/?q=jsxgraph

Visual e-assessment



Wait a minute!

It is nice that students can play around with construc-
tions and function graphs, but can this feature be used

for assessment, t00?
» Consider this example: triangle area

Yes, it can: — STACK JSXGraph plug-in


https://jsxgraph.org/share/example/area-of-a-triangle

More examples of visual e-assessment

» Talk by Carsten Miller on Tuesday, 1:45pm session
» (inspired by G. Kinnear,
with M. Kallweit)
» Supported by various Erasmus+ projects:
, Expert,


https://jsxgraph.org/share/example/sketch-polynomial
https://jsxgraph.org/examples/
https://jsxgraph.org/examples/
https://idiamath.github.io

STACK JSXGraph plug-in

» Developed and maintained by Matti Harjula
» STACK example:
» Syntax: [[jsxgraph ..]l .. [I/jsxgraph]]

Security
» since 2023, STACK has JSXGraph sandboxed in iframe

»


https://btmdx1.mat.uni-bayreuth.de/moodle2022/question/bank/previewquestion/preview.php?id=2194&restartversion=0&courseid=22
https://btmdx1.mat.uni-bayreuth.de/moodle2022/course/view.php?id=22

Ideas for visual e-assessment in
calculus



JSXGraph and STACK used in Calculus

» Some topics in engineering mathematics require the
ability to visualise objects in 2D or 3D space.

» Multivariate analysis in the IDIAM project triggered the
development of JSXGraph 3D.

» Focus on integration domains (2D/3D) and extrema of
functions in 2D



Ongoing ideas

» Work inspired by IDIAM
» Application to implicit curves: constraint optimisation
or Lagrange multiplier role
» Slope fields and trajectories
» Examples available at the
» JSXGraph 3D development and most examples have
been funded by ERASMUS+ “Interactive Digital
Assessments in Mathematics”.


https://idiamath.github.io

Integration in 2D/3D

Given G C R™ (n = 2,3). The integral over GG of a function
f:R™ — R (integrable on G) is denoted as

JEELS
G



How to compute this?
G may given by two functions
G={(z,y) ER?|a<z<h yy(z) <y<y(a)}
then

Y1 ()

JECLEE /b f(z, ) dyde.

G a yy(x)

Recover the functions y, , y, from a diagram is demand-
ing for some students.



Given is a region of type

@ Question is missing tests or variants

G ={(z,y) eR’|a <z <b, po(z) <y<wm(a)}

as shown in the diagram. Determine the interval [a, b] and the expressions for the graphs of
functions y; and ys.

Give all numerical values as fractions instead of decimal numbers e.g. 1/2 instead of o.5.
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()= \

Students view


https://btmdx1.mat.uni-bayreuth.de/moodle2022/question/bank/previewquestion/preview.php?id=2153&restartversion=0&courseid=22

This diagram shows the domain you have entered and the domain asked for. The given area
is colored yellow, the red area results from your answer. The functions y; and y, have been

labeled according to your input.
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The value you gave for z; is not correct.
Nice, you found the correct value for zp! Good job!

Check whether you did anything different here than for z; and try again.

Feedback view



Integration

The Transformation Theorem is widely used in integration.

Giventwo sets G ¢ R® and H ¢ R" im R and a one-
to-one mapping7: H - G

T(u) := x(u).

T'is continuously differentiable and det(J,(u, v, w)) # 0
on H. Then

/f dx—/f )) |det Jp(u)| du.



Integration in 2D (Polar coordinates)

The introductory example in 2D integration are the Polar
Coordinates:

T : [0,00) x [0,27) — R? with (;) = (:«(s:?r?((jzz)»

Given is a 2D area with polar geometry. It is defined by the intervals for each of the polar coordinates 100! 2um Nachbessern der frage | @ Es fehen Tests oder Varianten.
7 and @. Here 1 is the radial coordinate and ¢ is the angle starting at the z-axis oriented counterclockwise with ¢ € [0, 27].

Reconstruct the intervals that define the given area by matching the areas using the cartesian coordinate system.

Write the interval in the form 7 €[r1,r2] and ¢ €[phi1,phi2], e.g. [1/2,2] and [1/2%pi,2*pi].

Students view


https://btmdx1.mat.uni-bayreuth.de/moodle2022/question/bank/previewquestion/preview.php?id=2058&restartversion=0&courseid=22

Integration in 3D

Spherical coordinates are very challenging for the students.

Question: Describe the set M given by
M = {X S |R3 : ”X”Q < 17 Ty,To, T3 < 0}
in spherical coordinates.

Can only be solved by a few students.



Spherical Coordinates

Given is a 3D volume with spherical geometry. It is defined by the intervals for each of the spherical coordinates r, ¢ 100! 2um Nachbessem der Frage | &9 s fehlen Tests oder Varianten.
and 9. Here r is the radial coordinate and ¢ is the azimuthal angle starting at the z-axis oriented counterclockwise with ¢ € [0, 2). Lastly, 9 is the polar angle measured
from the 2-axis with ¢ € [0, 7].

Reconstruct the intervals that define the given volume.

az=249
=080

=220

+ phi; =235
phiz =420
psi=1.25
psiz = 2.00

¢1=235
¢2 =42
¥ =125
Yy =

Students view


https://btmdx1.mat.uni-bayreuth.de/moodle2022/question/bank/previewquestion/preview.php?id=1112&restartversion=0&courseid=22

Spherical Coordinates

e
The value you gavefo , s not corect

e T A

Check whetheryou did anyting diferent here than fo 1 and ry again.
W Correct answer, well done.

R e T o

Nice you found the cormect value for ! Good job

Perfect! You gotboth value of 6 ightt

e

The vakie you gavefor ¥ is ot ccrect.

Nice, you found thecorect valu for ! Good jobt

Check whether you did anything different here than for t; and try again.

You can now compare your response to the reference volume. Your solution is displayed in orange. In addition, you can see the cross sections in the & — y-plane and z — z-plane. Note, that you can deactivate the visualizations using the button.

0

Y

X¥plane | X2:plane | Retoronco Vekuma | tudent Vokume

Feedback view



Curl

The curl of a vector field V : R? — R3isjustcurl V =V x V.

cing tests orvarisnts

il of a vector field V : R* — R? by @ Questions m
1
V(e,u2) = (

z
z ) as shown in the diagram.
z

266
Select V.

O (Clear my choice)

Olzay
©[n-=0
o522
v, —,0]

Check



Curl

X Incorrect answer.
The entries underlined in red below are those that are incorrect.

lv.=2,0]

You did not select the correct vector field. The vector field given is the curl of the wanted

vector field.

Marks for this submission: 0.00/1.00.

Feedback view


https://btmdx1.mat.uni-bayreuth.de/moodle2022/question/bank/previewquestion/preview.php?id=2004&restartversion=0&courseid=22

Slope field and Trajectory

For a given ODE such as y'(x) = f(z, y(z)) with initial
value y(z,) = y, one can draw the trajectory of the solution

as well as the slope field given by F(z,y) = (f(; y)>.

The idea is to find the corresponding slope field for a given
trajectory. JSXGraph provides the necessary tools, such as
Runge-Kutta methods and the slopefield object.



ODE

Select the coresponding field wrt. the trajectory
O Field =2 4 Oy length = 0.50
f(x,y)jpyyy) oy el Q——— opaccity =0.50
LSS NN

A IO
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o

e NI
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TSN\
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U
-

Check

Students view

@ Question is missing tests or variants.


https://btmdx1.mat.uni-bayreuth.de/moodle2022/question/bank/previewquestion/preview.php?id=2179&restartversion=0&courseid=22

ODE

X Incorrect answer.

The selected field does not correspond with the trajectory shown.

You have selected the field f(z, y) =cos(y — z) (blue), the correct solution is

f(z,y) =—sin(y — x) (red). Use the slider to see the differences of these fields. (0 - your
answer, 1 - correct solution.)

length = 0.50
field select =

Marks for this submission: 0.00/1.00.

Feedback view 1



ODE

X Incorrect answer.

The selected field does not correspond with the trajectory shown.

You have selected the field f(,y) =cos(y — z) (blue), the correct solution is

f(z,y) =—sin(y — x) (red). Use the slider to see the differences of these fields. (0 - your
answer, 1 - correct solution.)

length = 0.50
field select =

=SS 2
SIS
o

Marks for this submission: 0.00/1.00.

Feedback view 2



Constrained Optimisation and Lagrange
Multiplier

The easiest constraint optimization problem in R™ is

min  f(x)
st. g(x)=0

Necessary first order optimality condition

f,gare C! in a neighbourhood of x, and Vg(x,) # 0
and x, minimizes f subjected to g(x) = 0.
Then there exists a real number A € R with

Vf(x)+ AVg(x) =0.



Necessary optimality condition seen
geometrically

£ = V£(%)
V(%
R
< Ve(%)
Vg(x)

» g(x) = 0in JSXGraph 2D

» A glider on a curve given implicitly by g(x) = 0.
» Vf(x)+ AVg(x) =0

» The two vectors are linearly dependent.



Lagrange Multiplier

Given are the contour lines of a function (red) and a
constraint (blue).

Find a point on the constraint fulfilling the necessary optimali

"l ,5) N )

. nec. cond.

@ Question is missing tests o variants.

ity condition

le = 0.50

iz
(v4e7=

22X

=

Check

Students view


https://btmdx1.mat.uni-bayreuth.de/moodle2022/question/bank/previewquestion/preview.php?id=2151&restartversion=0&courseid=22&behaviour=adaptivenopenalty&maxmark=1&correctness=1&marks=2&markdp=2&feedback=1&generalfeedback=1&rightanswer&history&variant=40

Lagrange Multiplier

v/ Correct ans)

teachers answer
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Feedback view




Transfer data: STACK to JSXGraph and back

» Numbers

1‘ tFinal = {#tFinalset #};

» Strings, like function terms:

funtxt = '{#fieldSelected #} ';
fun = board.jc.snippet(funtxt, true, 'x');

The last line will create a JS function from the string stored
in funtxt


http://jsxgraph.uni-bayreuth.de/docs/symbols/JXG.JessieCode.html#snippet
http://jsxgraph.uni-bayreuth.de/docs/symbols/JXG.JessieCode.html#snippet

Sometimes it is necessary to process a string using the
replace method.

» Transfer of a list of strings can be done using the
helper function JXG.stack2jsxgraph, e.g.

1||vecOfFields =
JXG. stack2jsxgraph ('{#1listOfFields #}');

» Strings can be converted to functions by
e.g. board.jc. snippet().



Final thoughts



Why JSXGraph?

» Streamline the applets
» Fits my thinking coming from numerical math

Recommendations for STACK authors
» Documentation of the code for reuse
» Minimizing the need to adapt code in JSXGraph to
create modified questions
» Initialize via questions variables



Future work

STACK JXGraph plug-in
» Extend STACK bindings (feedback, please)

Projects
» Master the steep learning curve (in development):

»
» Our take on mathematics on mobile devices:
, version 2beta will be released on March
20th.
» Upcoming

» ( )

» .


https://jsxgraph.github.io/jsxgraphauthor/
https://sketchometry.org/
https://github.com/tom-berend/jsxgraph-wrapper-typescript
https://jsxgraph.github.io/graphtheory/
https://github.com/jsxgraph/jsxgraph.github.io

Closing

We wish you a successful, fruitful conference.
Please, get in contact with us!

Remarks and questions?



Appendix



Communication STACK and JSXGraph

In our examples, we use

» basic features to transfer information from question
variables to the JSXGraph block

» the STACK binding functionality to have access to
student answers in PRTs.

Question variable —+ STACK
» STACK question variable: functerm: sin(x)
» var graph = board.create (' functiongraph’,

[{# functerm#}]);
» var f = board.jc.snippet({#functerm#}, true, 'x');

JSXGraph — STACK
» stack_jxg.bind_point(ans1Ref, A);



Connection STACK - JSXGraph (binding)

»

Question text...

[[jsxgraph width="600px” height="600px”
input-ref-ans1="ans1Ref "]]

// JSXGraph part

// STACK binding:

stack_jxg.define_group ([A,B,C]);

stack_jxg.bind_list_of (ans1Ref, [A,B,C]);

stack_jxg.starts_moved (A);

[[/jsxgraph]]

<p style="display:none”>
[[input:ans1]][[ validation:ans1]]

</p>



https://btmdx1.mat.uni-bayreuth.de/moodle2022/question/bank/editquestion/question.php?returnurl=%2Fquestion%2Fedit.php%3Fcourseid%3D22%26cat%3D298%252C665%26qperpage%3D100%26filter%3D%257B%2522category%2522%253A%257B%2522name%2522%253A%2522category%2522%252C%2522jointype%2522%253A1%252C%2522values%2522%253A%255B298%255D%252C%2522filteroptions%2522%253A%255B%257B%2522name%2522%253A%2522includesubcategories%2522%252C%2522value%2522%253Afalse%257D%255D%257D%252C%2522hidden%2522%253A%257B%2522name%2522%253A%2522hidden%2522%252C%2522jointype%2522%253A1%252C%2522values%2522%253A%255B0%255D%252C%2522filteroptions%2522%253A%255B%255D%257D%252C%2522jointype%2522%253A2%257D%26sortdata%255Bqbank_viewquestiontype__question_type_column%255D%3D4%26sortdata%255Bqbank_viewquestionname__question_name_idnumber_tags_column-name%255D%3D4%26lastchanged%3D2011%26deleteall%3D1&courseid=22&id=2002

Alternative binding

»

1|/ // STACK binding:

2 [|var bindFunction = function (inpRef,

watch, func) {

let send = () => func();

4 let receive = (val) => {};
stack_jxg.custom_bind (inpRef, send,

receive, watch);

E

bindFunction (ans1Ref, [A,B,C],
areaFunction);



https://btmdx1.mat.uni-bayreuth.de/moodle2022/question/bank/editquestion/question.php?returnurl=%2Fquestion%2Fedit.php%3Fcourseid%3D22%26cat%3D298%252C665%26qperpage%3D100%26filter%3D%257B%2522category%2522%253A%257B%2522name%2522%253A%2522category%2522%252C%2522jointype%2522%253A1%252C%2522values%2522%253A%255B298%255D%252C%2522filteroptions%2522%253A%255B%257B%2522name%2522%253A%2522includesubcategories%2522%252C%2522value%2522%253Afalse%257D%255D%257D%252C%2522hidden%2522%253A%257B%2522name%2522%253A%2522hidden%2522%252C%2522jointype%2522%253A1%252C%2522values%2522%253A%255B0%255D%252C%2522filteroptions%2522%253A%255B%255D%257D%252C%2522jointype%2522%253A2%257D%26sortdata%255Bqbank_viewquestiontype__question_type_column%255D%3D4%26sortdata%255Bqbank_viewquestionname__question_name_idnumber_tags_column-name%255D%3D4%26lastchanged%3D2011%26deleteall%3D1&courseid=22&id=2011

Communication STACK - JSXGraph

» There is a lot of freedom how to connect STACK and
JSXGraph
» Documentation might deserve more examples
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