—® Virtual Math Teams: ®—

Studying and Supporting Online
Collaborative Problem-solving

Annie Fetter
Johann W. Sarmiento

The Math Forum @ Drexel University

" Drexel University X

\College of Information Science & Technology National Science Foundation




— ® Overview "

Intro: The Math Forum Services and the VMT
VMT Goals, Questions and Activities up to date.
sLet’s try it together!

*Analyzing Student’s Online Collaboration
*Research on Cooperative/Collaborative Learning

Computer-support for Online Collaborative
Problem-Solving

*Your students can participate
In the VMT project!




The Math Forum’s Services

Ask Dr. Math

Math Tools digital library and community
Teacher2Teacher

Problems of the Week (PoWSs)

And many more!
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: The Math Forum’s
Problems of the Week (Pow)

www.mathforum.org/pow/

* Designed to provide creative, non-routine
challenges for students in grades three
through twelve.

* Problem-solving and mathematical
communication are key elements of every
problem

e 4 areas. Math Fundamentals, Pre-Algebra
Algebra, and Geometry
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Virtual Math Teams: Overview

~

Promote collaborative problem-solving

Enable kids to help each other at The Math
Forum and make better use of the limited expert
mentoring

Provide an important kind of engaged learning
experience for students

Investigate the nature of online collaboration for
math problem-solving

5-year NSF-funded project
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Driving Questions

e What forms of collaboration are more
effective for math learning?

 What types of problems work best for
collaborative problem-solving?

« What kind of human and software support
are necessary?

 What research methods help us
understand online collaboration better?
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Some VTM Activities to date

Invited small groups of students to collaborate
online to solve the Math Forum’s Problem of the
Week

Investigated 5 different software platforms:
AOLIM, Blackboard, WebCT, Open-Source Chat
+ Shared Whiteboard, ConcertChat

Offered series of weekly, one-hour “Pow-wow”
sessions with Algebra and Geometry PoWs.

Conducted initial analysis of chat transcripts
Explored software-support prototypes
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~
Let's try a collaborative PoW:.

“A Tangent Square and Circle”




Let’s Reflect on our
Collaborative Problem-solving

 What are possible solution paths?
« How does one come upon those?

 What did you notice in terms of doing it
alone or with others?

 How was this experience
different than collaborative
problem-solving in your
classroom?
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AME how close are you
KIL i know that its less than four ‘

AME No its more
KIL yathats wut i meant
KOH hahaha... typo...
KIL anyone else get any closer? ‘
AME | solved it /
KOH | solved it, too!
KIL ic

. KOH hey, AME, tell me about your way first...

. AME | need my pic

P PO ~NO O WNPE
Honnllll-ll

-
ol -

. KOH | know you got the right answer, but your way is kinda wrong...

21. AME My way is fine

22. AME Its works

23. AME If the answer is right than what gives?
24. KOH well... ok...

25. KOH all goes well that ends well

26. KOH but | need explaination...

27. AME ok ...
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KOH so AME, please explain your way...

KIL yea please?

AME well |just used some equations
AME equation 1-x +r =8

KOH ok... simple equations or complicated ones?
KIL yes

AME Simple

KOH ok...

AME As | was Saying

KOH where did that 1 came from?
AME The first equationisx +r =8
KOH yes!

KIL | get it...

AME The second is 16 + x"2 =r"2
AME Now we substitute

KIL I C

AME And we are DONE!!!
KOH thats my way!!!

KIL I c now!
AME My way just makes more sense
KIL Ic so 1)x+r=8
KOH hey, so where do that x come from and how does it help ya?
KIL 2) xN2+r"2=16
\_ AME r+x=2=8 -
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1. ALR: Okay, I think we should start with the formula for the area of a triangle
2. SUP: ok

3. ALR: A =1/2bh Ibelieve

4. PIN: vyes

5. PIN: iconcue (*concur*)

6. ALR: then find the area of each triangle

7. ALR: oh, wait

8. SUP : the base and heigth are 9 and 12 right?

9. ALR: no

10. SUP: o

11. ALR: that's two separate triangles
12. SUP: o000 o0k

13. ALR: right 3
14. ALR: ithink we have to figure out the height by our

15. ALR: if possible

16. PIN: : i know how

17. ALR how? 30
18. ALR right

19. SUP proportions?

20. ALR this is frustrating

21. ALR Idon't have enough paper
22. PIN ithinkigotit

23. PIN its a 30/60/90 triangle - 8 [{s0 ®° C

24. ALR I see
25. PIN so whats the formula 3

,
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28. PIN so whats the formula 55. AVR equilateral means all sides

29. PIN to find it are equal

30. PIN I think i remember 56. AVR therefore all angles are

31. AVR to find what equal too

32. AVR the height? 57. SUP  yes

33. PIN ya 58. SUP 60

34. SUP ifits equilateral its it a 45/45/90 59. AVR soitcan't be 30/60/90
triangle? 60. AVR it's not a 30/60/90 triangle

35. SUP o wait 61. SUP thats what i was thinking

36. SUP thats isosceles 62. SUP s there aformulafora

37. AVR yeah 60/60/607?

38. AVR .. 63. AVR |have no idea

39. AVR equilateral is 60/60/60 triangle 64. AVR Ithink once we find the

40. PIN ya formula it should be pretty easy

41. AVR  not 30/60/90 65. AVR Idon't think there's a

42. PIN anyone remember formula for formula, though

30/60/90 triangle? 66. PIN search google
43. PIN gYeJe]e]o]o! 67. AVR |think we find it some other
44. PIN but look way
45. PIN you drew the triangle 68. AVR that's what I'm doing
46. PIN here wait 69. SUP  what does itmeans by
47. AVR no I didn't edglengths?
48. PIN let me make a pic 70. SUP  jone of the 3 sides?
49. AVR okay 71. AVR edgelength means length of
50. PIN wait a couple min a side
51. AVR okay 72. SUP ok ...
52. SUP  so holws it goin
53. AVR I'll try to draw one in the
meantime
54. PIN super!
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. AVL: okay, Mod, just a question

. AVL: Dbasically, he's solving it by trial and error

AVL: Dby like putting random numbers in as sides and

seeing if they work out

PIN: vya, and im pretty darn close

AVL: yeah

AVL: butis there any way else to do it

AVL: like, using a formula

PIN: hey Mod answer me this

. OFS: thats what i was thinkin ov

10.PIN: isit 21.213X

11.AVL: Dbecause if you submit the solution you're not
gonna say "do trial and error"

12.0FS: using a formula

13.PIN: where X is another number

14.PIN: isitorno

15.0FS: howd u get 21.213

16.PIN: trial and error
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Research on Cooperative/Collaborative Learning

and Achievement (Slavin, R.E.)

 “Research on cooperative learning is one of the greatest success
stories in the history of educational research.”

 However, There is still a some confusion and disagreement about
why cooperative learning methods affect achievement and, even
more importantly, under what conditions cooperative learning has
these effects.

A great deal of knowledge about the effects of many types of
cooperative interventions and about the mechanisms responsible
for these effects.

» Cooperative learning is not only a subject of research and theory; it
IS used at some level by millions of teachers.

Slavin, R.E. Research on Cooperative Learning and Achievement: What We Know, What We Need to
Know http://www.successforall.com/Resource/research/cooplearn.htm
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Cooperative/Collaborative Learning

Students who work together to clarify questions,
discuss and select problem-solving strategies,
co-construct solutions, and resolve
controversies usually demonstrate greater gains
In concept development and problem-solving
abilities than similar students who work alone.

Davidson, N. (1985). Small group cooperative learning in
mathematics: A selective view of the research. In R. Slavin (Ed.),
"Learning to cooperate: Cooperating to learn." (pp.211-30) NY:
Plenum.

Also: Elizabeth Cohen, Paul Cobb, Mercer & Wegeriff
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Bridging Research and Practice

ow to achieve effective grouping

|_
 How to motivate participation and use
appropriate rewards

|_

ow to provide feedback and teach students to
collaborate

 What authentic tasks work best for collaborative
activities?

 How to align collaobrative activity with curricular
goals

55
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ﬂﬂﬁnmﬁ » Cooperative Learning in Mathematics: A Handbook for Teachers. Davidson, Neil. (Ed.). : Addison-
m[ﬂ"]us Wesley, 1990

Share your experiences...

Jigsaw?

Complex instruction / Project-based
Learning?

Student teams-achievement divisions?
Survivor Algebra anyone?

T
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* Some Sources:
Handbook of cooperative learning methods. Shlomo Sharan, (Ed.).  Praeger, 1999.

* Artzt, Alice F. & Claire M. Newman. How to Use Cooperative Learning in the Mathematics
Classroom. National Council of Teachers of Mathematics, 1990
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Software Supports

Supporting activity
awareness and
coordination

Threading

Opportunistic Group
formation

Full-featured whiteboard
Math support

Online Community for
sustained participation

"
& & & Instant Message

| AVL:
| AVL:
| AVL:

| AVL:
| AVL:
| AVL:

| AVL:

| OFs:

L

PIN:

PIN:

OFS:

PIN:

PIN:
PIN:

OFS:

PIN:

Fmnte rhat  add narticinants

okay, Mod, just a question

basically, he's solving it by trial and error

by like putting random numbers in as
sides and seeing if they work out

ya, and im pretty darn close

yeah

but is there any way else to do it

like, using a formula

hey Mod answer me this

thats what i was thinkin ov

is it 21.213X

because if you submit the solution you're
not gonna say "do trial and error"

using a formula

where X is another number

is itor no

howd u get 21.213

trial and error

Let's start with the problem! -
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Drawing canwvas:

{3 Freehand ) Line

[ == --—————— Babvlon Chatv2.1_BETA - offline BB
| Conn ect | Chat rooms | Paste picture file | bdar ual |
[ Disconnect | kessaging | Sawve ¢ hat | About Babydon Chat |
| Settin gz | hat raom control | Save carvas |

Jo
Well, why don’t we start with area the small triang [
[~ |( | Johann is typing
Conference fext
o D Johann
Johann> Should we start? Marry
Mary> Sure! | have no idea how, though. Arnold -
Arnold> | don’t remember anything about adding triangles, shouldn't it be -

[v] Sendto everyone

| Userinfomnation |
[ Page users] |
[ lonore user(s) |

Drawing controls:

i Rectangle ) Owval
{3 Textk

[ black i]

+ : [ thickness: 1 =
N [ outlined =
[ Clearcarvas |
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Material: Anwesend:
0 | Bild: |mamue: ConcenChat-Flyer E" gerry
: MamuE:
Material weitrgichende Unt_erst@tzung ﬁjr dia = Explizite Referenzen: zilvinsohis
effektive Kommunikation 2.6. in dar nen sich explizit auf and: e
Y wgiterbildung und in virtuellen Sitzun- wder eine Stelle i geme wandlinks
hModeration, Rollen- und gen. terial bezichen.
Prozessunterstiitzung = Persistente speichens
Kommunikation inKontex kationsbeitrige werden Chat: (233) P e
o . Kornrnunikation erfolgt in einern be- emniglicht =y nchrone C =
5":';“';:'_: K::::E“"m"“ stirmiten Kontet. Die Teilnehmer emr- das Suchen in Beitrgen Alloc (Dec 5, 2004 8:17 &M): komm aber |~ |
- betten sichnetles s it hille ol ctie Nachbereittng iner| nicht mehr mit dern gleichen nick rein
Lemrnaterial, besprechen ginen Entwurd o gollen und Prozesse: F g ; 5
oder antworten auf einen bestimmten Kommnunikationsszenaris sagt mir immer, dass der nick bereits
Diskuzzionzbeitrag. schiedene Rollen, Bereck ird :
Dieser Kontast wind von trditionellan Phazen definiert . Dies ar genutztwird
Chat-ﬂxﬁm? nichlg birﬂcksich}ritgt und spislaseise moderierte 3 Alloc1 (Dec 6, 2004 2:50 PM): Also, mit
rnuss aufaandig selbst hergestellt ver- strukturierter Diskussiol i i i
den, Missverstandnisse sind program- Alloc sc;hemts jetz sogar zu gehn,.glemh
miert. Je nach Anvendungsszenar rria prohiern, ob des auch sheon direkt
Ein Eeizpish s Rnkudnsalbteinefiony natch dem schliessen wieder geht )
asiar v kinnen deren Snmurd TRD. :
filsll s R e Coplsr s e Allocs (Dec 6, 2004 2:51 PM): ne, also
ot tol babe pech ane £ Die Techni k- modular un i i i icht:
AR ol it e Il direkt wieder reingehn aeht nicht
Kerpd: Bas Febt nach snes Prob. damit PL?@W;unallfhéngiss-t rmartinw ({Dec 6, 2004 8:28 PM): Hi, i
remn vwebbazierten Lozung o i " i 5
S 2 _ T T e rretkwilrdid... dieses Problem hatten wir
W.blaer bezieht lSICh Schrnidt und wo- Infrastruktur midglich, beispi nach hie.
mit hat Kempf ein Problam Basis einer Groupvane-phEt B
Lotus Sarretime. martinw (Dec 6, 2004 8:29 PM): welchen
- 5 E Browser, welche Java %YM benutzen Sie?
| ) gerry (2:00 PM): | like this diagram ofthe =
‘ :
g ) i i,
il gerry (2:02 PM): Welche Problem ist
Fraurhoferd et tut fUr §beorlets | ] A merkwirdin?
Putdll atlore- urel |nfor mat o ressts me
i R — gerry (2:02 PM): where are my links?
L ') | & &
2 . i gerry {(2:03 PM): This is Johann
el el ¥ 1 gerry (2:06 PM): This is a deictic link! -
Message:
ConcertChat: Kornrmunikation im kontext E 4 g
x ]
. )
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Chad (Jan 13, 2005 4:24 PM):

s0 we should have something like this to find
(" the length of the two sides of the frianige.

4*4 +8*B =sqrtof 80

Chad (Jan 13, 2005 4:25 PM):
then the area of that trianlge is 32

Chink Steve (Jan 13, 2005 4:26 PM):
sqrt3zit

w

o

Chink Steve (Jan 13, 2005 4:26 PM):
nevermind

steve”r2 (Jan 13, 2005 4:26 PM):
everyone gotaim?

Chad (Jan 13, 2005 4:26 PM):

32 is both triangles together

steveA2 (Jan 13, 2005 4:26 PM):
because we should jump to aim express under
netscape and do a general chat

Chink Steve (Jan 13, 2005 4:26 PM):
that might be better

Chad (Jan 13, 2005 4:27 PM):
since the area of the trianlge is 1/2 b*h

Well, maybe if we tried pythagorean
4 theorem?
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Your students can be part of
Virtual Math Teams
@ The Math Forum!

http://mathforum.org/vmt/
\.
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Cooperative/Collaborative Learning

 Davidson (1985) reviewed 79 research studies comparing student
achievement in small group and traditional whole-class instruction,
and found that in more than 40% of these studies students in the
classes using small group approaches significantly outscored
control students on measures of student performance.

 From a review of 99 studies of cooperative group-learning methods,
Slavin (1990) concluded that cooperative methods were effective in
Improving student achievement. The most effective methods

emphasized both group goals and individual accountability.

Davidson, N. (1985). Small group cooperative learning in mathematics: A selective view of the research. In R. Slavin (Ed.),
"Learning to cooperate: Cooperating to learn.” (pp.211-30) NY: Plenum.

Slavin, R.E. (1990). Student team learning in mathematics. In N. Davidson (Ed.), "Cooperative learning in math: A handbook for
teachers". Boston: Allyn & Bacon, (pp. 69-102).

Cited in the ERIC digest “Improving Student Achievement in Mathematics, Part 1: Research Findings.” (2000) Grouws, Douglas
A. - Cebulla, Kristin J. ERIC Clearinghouse for Science Mathematics and Environmental Education

K http://www.ericdigests.org/2003-1/math2.htm /
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Virtual Math Teams Research

 How to group students for effective online
collaboration (opportunistic group formation)

 How to design rich mathematical problems that
foster collaboration and deep mathematical
reasoning (task scaffolding)

 How to structure the online collaborative
experience (interaction design for learning)

 How to study the forms of collaboration and
reasoning that take place (multidisciplinary
research)

-
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1. Mod: If two equilateral triangles have edgelengths of 9 cubits and ...
2. ALR: hmmm
3. ALR: interesting
4. Mod : If you create a picture that you would like to share...
5. PIN:: very
6. ALR: [Ithink we can crack it, though
7. ALR: *Dbeginsto scribble on paper**
8. ALR: orshouldInotdo that?
9. PIN:: doesnt matter
10. ALR: gotit
11. ALR: **proceeds with scribbling..**
12. ALR: Okay, I think we should start with the formula for the area of a triangle
13. SUP: ok
14. ALR: A =1/2bh
15. ALR: IDbelieve
16. PIN: yes
17. PIN: iconcue
18. PIN: concur*
19. ALR: then find the area of each triangle 30
20. ALR: oh, wait
21. SUP: the base and heigth are 9 and 12 right?
22. ALR: no
23. SUP: o
24. ALR: that's two separate triangles
25. SUP: o000 60
26. SUP: ok A 20
27. ALR: right c
28. ALR: ithink we have to figure out the height by ourselves 3
29. ALR: if possible
30. PIN:: iknow how
/
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