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1. Virtual Math Teams as an example of DDD

Teaching Aim: To provide students with hands on
experience working on challenging geometry
problems. (extend Math Forum problems-of-the-week)

Learning Activities: Collaborative math: co-
constructing geometry figures and exploring them
together. (networked computers, multi-user apps)

Process-based Assessment: Sequential interaction
analysis of chat logs and geometry actions. (EM)

Dlgltal Didactics Teaching aims
There is a gap between theories of teaching and (problem-guided)
doing teaching. Our research team studies
teaching practices from the angle of a
Digital Didactical Design.




Translating geometry education
from clay tablets to iPad tablets

translate

. AA Point
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A= (5.22,5.34)

B= (8.8, 5.18)

C =(7.15, 8.36)
Segment
a=358

C: (x-5.22)2 + (y - 5.34)2:

d: (x-8.8)2+ (y-5.18)2 =

Trianale



A specific DDD Research Question:

How should one translate the classic-education
approach of Euclid’s geometry into the

contemporary vernacular of social networking,
computer visualization, and discourse-centered

pedagogy?

VMT as a response:

A multi-dimensional, iteratively evolving
design-based research (DBR) approach to
designing a human-centered, 21% century
geometry education using computer-supported
collaborative learning (CSCL).
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. server: tony joined the session

i Mar 30th 15, 10:37:34 am

! tony: hello everyone

! Mar 30th 15, 10:37:53 am

: server: tony left the session

| server: no-name left the session

B=(-4,0)
C=(6.38,4.84)

D=(5.9,1.34) server: osamasw joined the session

E=(7,0) 1 [ & g i Mar 30th 15, 11:21:59 am
F=(0,0) / 3 server: osamasw left the session
/ : " Mar 30th 15, 11:22:32 am
6=(35,-6.06) / = server: gerry joined the session
‘ - 10:04:53 am
leogebra
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Segment

a=7.21
b=1145
€=3.53
d=752

Hey, look at my crossed quadrilaterall
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2. DDD and CSCL as designing for group cognition

PM): I believe

Networked computers and
tablets allows global
collaborative learning — but
need special apps, curriculum,
pedagogy, incentives, social
context.

GROUP COGNITION

Computer Support for Building Collaborative Knowledge

Small group as engine of t
knowledge building!

VMT research project designed £
Group Cognition: Computer

to demonstrate potential of Support for Building

Collaborative Knowledge. 2006.
CSCL. MIT Press
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'VMT with generic shared whiteboard
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R ~ This is a tricky case.

" Given triangle ABC, construct another triangle
with an angle equal to ABC, a side along the angle
equal to side AB, and a side opposite the angle
equal to side AC.

1. Use the compass tool to copy angle ABC to angle HGI

2. Use the compass tool to copy side AB to side GJ and
3. to copy side AC to side JK.

4. Now drag point K to meet the side extending GI.

5. Notice that for some shapes of triangle ABC, there

are two points that satisfy the constraint SSA, but that

only one of them constructs a triangle congruent to AB( e )
.- 6. Discuss this in the chat. 3 \.*~}| ABC Sy
, —_— = = < 9 %
TIL e[ A e | sman -2




3. The socio-technical design of VMT

The development of VMT
took a global team, a decade,

many grants, countless trials.
Gerry Stahl

Studying Virtual

DDD vision, group cognition
theory, networked technology,
collaboration pedagogy,
dynamic-geometry
curriculum, DBR iterations,
trials by researchers, teachers,
students, adoption of EM-CA

to analysis of online math logs. studying virtual Math Teams.
2009. Springer.

Math Teams




VMT with multiple GeoGebra tabs

VMT menu —> File Edit Chat GeoGebra
Add atab
Summary .. | GeoGebra.. | GeoGebr... | Wiki Bro... | Help student]
GeoGebra menu N Edit View Options window Help
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Views Bar
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Building the technology

Geometer’s Sketchpad, Cabri, etc. pioneered the
creation of dynamic geometry

GeoGebra makes it freely available and integrated
with other math (3-d, algebra, statistics,
spreadsheet, trig, calculus, etc.)

VMT provides a collaboration environment and
integrates the first multi-user dynamic geometry

The next slides describe the design of the Virtual
Math Teams (VMT) online environment



Integration with GeoGebra

Remote students can synchronously work
on a shared construction together.

Users can take turns manipulating the
construction.

Adding, deleting, modifying and moving objects
The construction will stay in sync on each
user's screen.

Users can chat about the problem as they
work.



demo4: tony (CID:1347034769142)
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e File Edit Chat

‘Add a tab Add a tab

GeoGebra | Task | GeoGebra2

In this activity, you will use the equivalent of stiRightedge-and-compass tools to construct p
parallel ines, and a midpoint. Then you will construct a right triangle. These are basic cons!
relationships, which are used over and over in geometry. To make it easier to do these freq
you can program your own custom tools in GeoGebra. In this activity, you will program a nev
constructing a dynamic-geometry perpendicular.

Warning: This activity has many steps. Give yourself plenty of time to work on this before v1

Construction of a perpendicular at a point
' |We want to construct a line GH perpendicular to line AB and passing through point C to inte|
G

1. Clear anything on the drawing area with the menu “File" | "New" | “Don't Save".

2. Construct line AB with the Line tool. Construct an arbitrary point C with the: Point toc
AB. Now you want to construct a perpendicular to line AB, which intersects line AB &

3. Construct a circle with center at C using the Circle tool D not on AB). (passing throu

4. Use the intersect tool to construct points E and F at the two intersections of the circ|
Notice that points E and F are equidistant from point C.

S. Construct a second circle with center at E passing through F. |

6. Construct a third circle with center at F passing through E (and therefore having the
previous circle).

7. Use the intersect tool to construct points G and H at the two intersections of the cir¢
E and F) with each other,

8. Construct line GH.

Use the angle tool for angle ACH to see if line GH is perpendicular (90°) to line AB at Point C
Use the drag test to see if line GH stays perpendicular to line AB at point C.

j Think about why GH is perpendicular to AB at point C. Was every step necessary? Can you €
construction?

Retrieved from “http://vmttest. mathforum.org/vmtwiki/index.phpZtitle=Demol - demo&ol
Categories:

@ Demol
Demo

amantoan
tony

ol R B

‘GeoGebra | Task | GeoGebra2

Lodal Ul acuvity

In this activity, you will use the lent of ightedge-and pass tools to construct
parallel lines, and a midpoint. Then you will construct a right triangle. These are basic con

Ty e vTT U
12:33:19 PM EDT

R tony joins the room 12:34:56
PM EDT
tony 12:36:11 PM EDT: Hello.
amantoan 12:36:15 PM EDT: Hi
again.
tony 12:36:25 PM EDT: What is
our assignment today?
amantoan 12:36:34 PM EDT:
Let's look at the Task tab to
see.
tony 12:36:59 PM EDT: We are
going to create a
perpendicular line based on
Euclid's method
amantoan 12:37:13 PM EDT:
Right.
amantoan 12:37:28 PM EDT: We
will only use straight edge and
compass like tools.
tony 12:37:39 PM EDT: Sounds
fun.

amantoan 12:37:45 PM EDT:
Let's get started.

tony 12:37:53 PM EOT: OK, I'll
start

which are used over and over in geometry. To make it easier to do these fre
you can program your own custom tools in GeoGebra. In this activity, you will program a n
constructing a dynamic-geometry perpendicular.

\Warning: This activity has many steps. Give yourself plenty of time to work on this before

Construction of a perpendicular at a point

We want to construct a line GH perpendicular to line AB and passing through point C to int

1. Clear anything on the drawing area with the menu “File" | “New" | "Don’t Save".

2. Construct fine AB with the Line tool. Construct an arbitrary point C with the Point t
AB. Now you want to construct a perpendicular to line AB, which intersects line AB

3. Construct a circle with center at C using the Circle tool D not on AB). (passing thro

4. Use the intersect tool to construct points E and F at the two intersections of the cir
Notice that points E and F are equidistant from point C.

S. Construct a second circle with center at E passing through F. |

6. Construct a third circle with center at F passing through E (and therefore having tt
previous circle).

7. Use the intersect tool to construct points G and H at the two intersections of the ci
E and F) with each other.

8. Construct line GH.

Use the angle tool for angle ACH to see if line GH is perpendicular (90°) to line AB at Point
Use the drag test to see if line GH stays perpendicular to line AB at point C.

Think about why GH is perpendicular to AB at point C. Was every step necessary? Can you
construction?
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amantoan 12:36:34 PM EDT:
Let's look at the Task tab to
see.
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going to create a
perpendicular line based on
Euclid's method
amantoan 12:37:13 PM EDT:
Right.
amantoan 12:37:28 PM EDT: We
will only use straight edge and
compass like tools.
tony 12:37:33 PM EDT: Sounds
fun.
amantoan 12:37:45 PM EDT:
Let's get started.
tony 12:37:53 PM EOT: OK, 1l
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Other Shared Tools

Shared Whiteboard

Users can doodle on the shared whiteboard

Draw simple shapes

Summarize work, draft shared statements, note observations or
hypotheses in text boxes

History of the whiteboard is also tracked.

Web browser

Simple web browser

Can be used to show instructions for the student's assignments or
other related information on the web.



History Tracker

Built-in history tracker allows users to scroll
back and forth in time to see how the
construction developed.

Shows everything that happened including style
changes and object movements.

Each GeoGebra workspace is tracked
separately.



VMT has built in tools for session
analysis

VMT records every chat, and action in the
session.

Provides a session replayer to go back and forth
through the session step by step.

Chat, whiteboard, and GeoGebra events all

playback in the order they occurred in the
original session.



The VMT Session Replayer

Chat glayer
File Options

CID:1346942242703

Add a tab
GeoGebra | Task
— File Edit View Perspectives Options Tools Window Help S R
- & ,‘ =+ e o
E @7 : p!'g @ r.ggl [E @ ﬂ @ [@l @7 @ § ' Move Graphics View: Drag graphics view @ 4 (@ amantoan 9/6/12 11:27:00 AM
= ;. : : : Y, || or one axis (Shift + Drag) EDT: That:s it
W tony 9/6/12 11:27:04 AM EDT:
2 Lets check.
= (111}
- tony 9/6/12 11:27:21 AM EDT:
= Looks good.
- T
2 d amantoan 9/6/12 11:28:01 AM
E ) EDT: It stays that way
= [ 8 al
= ee 4 [
E \ tony 9/6/12 11:28:40 AM EDT:
2 ) Lets show the teacher how we
= i % did this
- EEEEER
E amantoan leaves the room
B 9/6/12 11:57:44 AM ED
= E] tony leaves the room 9/6/12
_/'
| Refresh View | Take Control nobody has control o2
<2
P |Speed: | 1|[3] e O
Time to previous: -0:00 (Awareness info)

Current action at: 11:57:54 AM (Message by: tony)
Time to next:



Session Log Files
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tony amantoan

joins the room

Hello

Ok.

Alright, I'll start.
added point:Point "A"
added point:Point "B"
added line:Line "a"
added point:Point "C"
added point:Point "D"
added conic:Circle "c"
added point:Point "E"
added point:Point "F"

Lets check.
added angle:Angle "?"
Looks good.

joins the room

Hi. Lets start by looking at|
the task description.

Great, I'll take it from here. |
added conic:Circle "d"
added conic:Circle "e"
added point:Point "G"
added point:Point "H"
added line:Line "b"

Thats it.

A & G | D | S E
Line Date Start Time Post Time Duration |[EventType
1 | 09/06/2012 10:38:42 |00:00:00 chat
2 09/06/2012 10:39:54 |0:1:12 chat
3 | 09/06/2012 11:24:49 |0:44:55 [chat
4 09/06/2012 11:25:07 |0:0:18 chat
5 | 09/06/2012 (11:25:11  |0:0:4 chat
6 09/06/2012 11:25:31  |0:0:20 chat
09/06/2012 11:25:42 |0:0:11 | Geogebra:GeoGebra
| 09/06/2012 11:25:44 | 0:0:2 Geogebra:GeoGebra
09/06/2012 11:25:44 |0:0:0 Geogebra:GeoGebra
09/06/2012 11:25:50 |0:0:6 Geogebra:GeoGebra
09/06/2012 11:25:52 0:0:2 Geogebra:GeoGebra
09/06/2012 11:25:52 |0:0:0 Geogebra:GeoGebra
09/06/2012 (11:26:01  |0:0:9 Geogebra:GeoGebra
09/06/2012 11:26:02  |0:0:1 Geogebra:GeoGebra
7 09/06/2012 11:26:18 |0:0:16 chat
| 09/06/2012 11:26:29 |0:0:11 | Geogebra:GeoGebra
09/06/2012 11:26:33 |0:0:4 Geogebra:GeoGebra
09/06/2012 11:26:40 |0:0:7 Geogebra:GeoGebra
09/06/2012 11:26:43 0:0:3 Geogebra:GeoGebra
‘ 09/06/2012 11:26:52  |0:0:9 Geogebra:GeoGebra
8 | 09/06/2012 (11:27:00 |0:0:8 chat
9 09/06/2012 11:27:04 |0:0:4 chat
09/06/2012 11:27:15 |0:0:11  |Geogebra:GeoGebra
10 | 09/06/2012 11:27:21  |0:0:6 chat
Sheet1 L <@




4. VMT as design-based research
into group cognition

. Pedagogic goals
(translate Euclid)

. Domain-specific
curriculum (game)

. Social practices of
collaboration

. Collaboration support
technology

. DBResearch of group
cognition

% MORGAN&CLAYPOOL PUBLISHERS

Translating Euclid
Desz'gnin g a Human-Centered
Mathematics

Gerry Stahl

SYNTHESIS LECTURES ON
HUMAN-CENTERED INFORMATICS

John M. Carroll, Series Editor

Translating Euclid: Designing a
Human-Centered Mathematics.
2013. Morgan & Claypool.



Design-based research of human-
centered geometry

Discover: The curricular topics guide student teams and teacher
teams to discover dependencies in dynamic-geometric figures

Create: The curricular topics guide student teams and teacher teams
to creatively design and construct dependencies in dynamic-
geometric figures

Understand, explain, prove: Students and teachers learn to view
geometric truths in terms of constructed dependencies. They begin
to see the causality of the world as human/social creative-discovery
involving designed dependencies

The VMT Project evolves its pedagogical approach through iterative
analysis of interactions among teams of researchers or teachers or
students using the technology and resources. The research process is
reflected in its publications and presentations.



Pedagogical focus

The approach emphasis includes:

1. The importance of experiencing first-hand the actual
doing of mathematics: exploration, noticing,
discovering, wondering, conjecturing, creating,
designing, constructing, explaining, understanding,
proving, teaching

2. Resisting the tradition of accepting on authority the
definitions and understandings of geometric objects

3. Resisting the temptation to use GeoGebra just to
illustrate geometric facts with pretty figures or flashy
simulations

4. Guiding teachers and students to design their own
constructions, including the definition of custom tools

5. Emphasizing the role of dependencies in dynamic
geometry



Developing the curricular resources

Although the VMT Project was funded to just develop
the technology and analyze its effectiveness, the real
problem is to design the pedagogy: approach &
resources

We developed a set of about 18 “topics” in a
workbook format that included tutorial “tours” of the
technology. Each topic was intended for about a one-
hour online, synchronous, collaborative session. Each
topic included 3 to 10 GeoGebra tabs with guiding
tasks



5. The centrality of group cognition to learning

I analyzed the complete
process of a team of three 14-
yr-old girls learning
collaborative dynamic
geometry. They worked
together online for 8 hour-
long sessions.

They learned how to
collaborate in VMT, use
GeoGebra, discuss math,
drag/ explore/ construct Constructing Dynamic Triangles
dyn amic- geom etry fi gures. Together: The Development of

Mathematical Group Cognition.
2015. Cambridge University Press




Group cognition as group practices

The Virtual math teams learned by adopting many
“osroup practices”—I identified over 60 in the book.

The adoption process proceeds as follows:

The team is stuck; breakdown in group action
They express that they have a problem

Someone proposes a solution

They discuss it and all agree (explicit knowledge)
Then they adopt it and proceed (practical kn.)

In the future, they do it without discussion (tacit)



Adopting collaboration group practices

9 15:10.8 | cheerios whose takimg control
10 15:20.1 | cheerios taking*
21 16:18.4 | cheerios so whoses doing what
22 16:44.4 | fruitloops who wants to take control?
23 17:30.6 | cheerios XXXXxxxx do you want to
24 17:52.2 | fruitloops no... cornflakes you take controll.....
25 18:01.7 | fruitloops who wants to do what steps?
20 18:02.9 | cheerios cornflakes take control
27 18:03.6 | cornflakes no cheerios you can
28 18:14.6 | cheerios cornflakes
29 18:25.4 | fruitloops cornflakes
30 18:33.6 | cornflakes NO
31 18:40.0 | cheerios why not
32 18:52.3 | fruitloops | just took control. lets takes turns
33 19:01.9 | cheerios alright
34 19:03.0 | cornflakes ok




Adopting construction group practices

Add a tab 3
l Triangles Squares Hexagons

i Edit View Options Window Help el o..R S
D Move Graphics View ":’“”“"“E“
. Drag graphics view or one axis (Shift + Drag) iy
Take turns dragging vertex A of Triangle ABC cheerios
and vertex D of Triangle DEF. cf
' T
Chat about dependencies you notice and cheerios
what you wonder about this figure.
Construct a triangle inscribed in a triangle -
that behaves the same as this one. ol (”_’m

Chat about how you are constructing and why. EEEE

cheerios 3
It might be helpful to look at v
the other tabs for this Topic and
think about them together.

AEEEENENEEEN

cheerios

NFEEEEREEEEN

0
i .N L cheerios
g 3 M L
i - ° J
= |
i o / 3 Cire
Q \ \j o GUENEEEEEEEEER RN
| [R
G
(’ L
t} Take Control | History: nobody has control | < Move Graphics View

Time to previous: -1:30 (Message by: swampert)

® e e Current action at: 4:31:55 PM (Message by: swampert)

Time to next: 2:51 (Awareness info)




Students collaborate on inscribed squares

gles Squares Hexagons
File Edit View Options Tools Window Help
Move Graphics View: @ e
B B B B I 8 B88 Bl Drag graphics (7]
AR R R RNl g grap

view or one axis (Shift +
Drag)

"

Take turns dragging vertex A of Quadrilateral ABDC
and vertex E of Quadrilateral EFGH.

Chat about dependencies you notice and
what you wonder about this figure.

Construct a Quadrilateral inscribed in a Quadrilateral
that behaves the same as this one.

Chat about how you are constructing and why.

Note that the Compass tool is available by
pulling it down from the Circle tool in the tool bar.

s
|
-

Ej Take Control | | nobody has control | [ Polygon

P EL R
cheerios 3/4/13 4:00:42 PM EST1 made a line segment which was It
than i used the perpendicular line tool and made 2 lines on each
side then used the compass tool and clicked on each point and
then the center vertex was i and then made a another circle
except the center vertex is j and connected all the points

fruitloops 3/4/13 4:01:07 PM ESTcorrect

cheerios 3/4/13 4:01:15 PM ESTthen used to polygon tool and then
hid the circles and lines

fruitloops 3/4/13 4:01:36 PM ESTand we used the circles to make
the sides equal because the sides are their radius

EEEEEEER

fruitloops 3/4/13 4:02:39 PM ESTpoint m is like point e because it
moves around

HER

fruitloops 3/4/13 4:02:48 PM ESTand its the same color
ENENENENENENEN

fruitloops 3/4/13 4:04:14 PMESTgood!!
EEEEEEER

fruitloops 3/4/13 4:04:40 PM ESTnow hide the circles



6. Expanding VMT to CrossActionSpaces

VMT-mobile: on iPads, laptops, tabletop displays,
smart boards

Integration of individual, group, classroom
Community of VMT game players

Community of analysis and discussion of excerpts
from VM Teams



The Construction
Crew Game

The Game

11. Advanced Geometer Level........cooovmmmiooe e

Challenge 39: The Centroid of a Triangle ..................
Challenge 40: The Circumcenter of a Triangle ..........
Challenge 41:  The Orthocenter of a Triangle .............
Challenge 42: The Incenter of a Triangle ...................
Challenge 43: The Euler Segment of a Triangle.........
Challenge 44: The Nine-Point Circle of a Triangle....

12. Problem Solver Level. ...

A ° P . B b
= & | Dol (o :, ABC  +p
> 4
”
//
A
|
/; T
’ —
G

To construct the circumcenter of a triangle,

\ (you can use the Midpoint and Perpendicular
\ tools for this).

Construct the Point where these Lines intersect.
\ (Note that all three Lines intersect at the same location,
\ S0 you can use the intersection of any two Lines.)
Drag the vertices of the triangle and observe how the
circumcenter behaves. Is it always inside the triangle?

]

Challenge 45: Treasure Hunt.............c..ccooooeiiiieenn.
Challenge 46: Square and Circle ..o
Challenge 47: Cross an Angle ..........ccoooviieiiiieennnnn.
3.EXpert Level ..o
Challenge 48: How Many Ways Can You Invent?.....
Challenge 49: Dependencies in the World .................
Challenge 50: Into the Future ...............occcoooeiin.

construct the perpendicular bisectors of the three sides

A GeoGebraBook
on GeoGebraTube:
http://ggbtu.be/b154045




DDD: Orchestrating a Collaborative MOOC

Math teacher professional development: VMT,
readings, reflection on logs

Teachers form student groups and assign VMT
MOOC

Student groups engage in level of VMT game
Individual students practice constructions
Student groups share experiences in class
Teachers reflect on student logs; give feedback

Teachers form, motivate, assign, orchestrate,
feedback student teams

VMT provides MOOC content/ collab experience



Teachers collaborate on inscribed triangles

Chat player
File Options
Add a tab [
Summary Original Figure Our Team's Construction
File Edit View Options Tools Window Help PEl .RD
T R T e I R o ichele_colon 11/26/12 8:07:23 PM EST: ending early, woo
| o‘ | J‘a 8 Ren [Faeal 5Vl FYS - H u;& mic -
BEEEEEEDENEEEEEEEE - hoo
- JL123 11/26/12 8:07:24 PM EST: that seems to work

T E[E =

=

Drag vertex A or vertex D to explore the dependencies in this figure.

Explain in the chat what the dependencies are.
Can you prove why these dependencies
are needed to make this figure?

Then construct a similar figure
with the same dependencies.
Explain in the chat how you
constructed the dependencies.

< Move Graphics View

nobody has control

sholland 11/26/12 8:07:32 PM EST: sounds good to me

sholland 11/26/12 8:08:24 PM EST: So did we use the
compass tool for all 3 points or just 27

emilyL 11/26/12 8:08:45 PM EST: only 2

JL123 11/26/12 8:08:49 PM EST: yes lets just discuss
dependencies further and | think our work is done here

emilyL 11/26/12 8:08:52 PM EST: in ours G and U
JL123 11/26/12 8:09:04 PM EST: compass for 2

sholland 11/26/12 8:09:30 PM EST: | laugh thinking how hard it
was to create an equilateral traingle the first time. We are
much better with geogebra now

emilyL 11/26/12 8:09:31 PM EST: CG and BU are dependent of
AD because we used the compass tool to keep the same
radii

JL123 11/26/12 8:09:31 PM EST: points were made be

intersectini for E and poin tool for U

emilyL 11/26/12 8:09:48 PM EST: well the ind also helped

JL123 11/26/12 8:09:55 PM EST: | know its crazy n always
beneficial working with this group

t sholland 11/26/12 8:10:11 PM EST: yes
t michele_colon 11/26/12 8:10:14 PM EST: so true!

sholland 11/26/12 8:10:40 PM EST: So the first point D was
just a point on the object or what?

emilyL is typing 9
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Time to previous:

-0:00 (Message by: sholland)

Current action at: 8:10:40 PM (Awareness info)

Time to next:

0:06 (Awareness info)




Researching the learning processes

Students are asked to identify chat log segments that
show effective collaboration and to reflect on what
they noticed and wondered about

Teachers are asked to select and retflect on student
chat log segments — and to discuss how to improve the
resources, approach and experience

Researchers analyze logs and replayer to understand
strengths and weaknesses of resources and to
investigate how student teams collaboratively master
dynamic geometry practices, skills and understanding
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The Virtual Math Teams Quartet

Group Cognition Studying Virtual Translating
(2006) Math Teams (2009)

ony

Studying Virtual
Math Teams

See www. GerryStahl. net/elibrary tor access to these books
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x;";’:‘x‘:’f **=Construct dependent objects***

construct: Take turns controlling the construction.

1. Select the Segment Tool and click on two points

to construct a segment like AB.

2. Select the Line Tool and click on two points to

construct a line like CD that crosses the segment.

3. Select the Intersection Tool and construct a point

where the line cuts the segment.

4. Construct another point on the segment and

another point on the line, like F and G.

5. Drag each point, the line and the segment. . &)
6. Discuss in the chat how each object is free, o ®— 4 x— ARG ‘%'— Move (od

constrained or dependent on other objects.
D If one triangle is congruent to another,
C then all its angles and all its sides are
dependent on the corresponding angles
and sides of the other triangle.

Given three segments —— AB, AC, BD --

A for constructing a triangle, how many
angles or sides do you have to constrain
to fully constrain the triangle?

The three segments EF, DH, FG have been
constructed with the Segment-with-Given-

3 2 Length-from-Point tool to constrain their
lengths. How many triangles can you
construct with these segments?

What do you conclude?



A ) Move: Drag or select [
‘ o X / / @ .._' ABC 1%’_ Ubjects (Esc) >

e~ |- v A~
An example of ***Construct a segment whose length = sum of two lengths***
what you wil 1. Construct a circle with center through a point,

construct:
its radius and a chord.

(A radius is a segment from a circle's center to a point on its
circumference--like AB--and a chord is a segment connecting
two points on its circumference--like BC.)
2. Construct a line like DE and construct a segment along it,
" whose length is the sum of the lengths of your radius + chord.
L 3. Drag each point, segment or circle to make sure that the
length of the segment changes dynamically correctly.
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~ you tell how each of these
drilaterals was constructed?
are its dependencies?

the vertices of these
o rilaterals to see what
secial about each one.
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How many different quadrilaterals can be constructed?
Some have different number of equal sides.

Some have different number of equal angles.

Some have different number of right angles.

Some have different number of parallel sides.

Some have different number of lines of symmetry.
Some have diagonals with different characteristics.
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A Digital Didactic Design for
Group Cognition

Abstract. Designing digital didactics involves multiple dimensions of
innovation, including the collaboration technology, the domain-
specific curriculum, the social practices for collaborative learning.
Such design requires iterative cycles of theorizing, development,
usage trials and formative evaluation. The Virtual Math Teams (VMT)
Project has pursued this in an extended attempt to introduce
students to collaborative dynamic geometry. Students work together
virtually on laptops or tablets to explore GeoGebra figures and to
construct their own objects with desired dependencies. This
symposium presentation will look closely at project data to see how
students engage in group cognition, how it differs from individual
learning and how it can be analyzed. This will suggest how group
cognition may be an appropriate goal for digital didactic design.

30 min presentation; 15 min discussion



